
‘1

AD—A 076 518 SMITH CE H) AND ASSOCIATES INC SESASTOPOL CA FIG 13/2PILOT WATER QUALITY MONITORING STUDY. SAN FRANC ISCO DAY AND DEL —ETC (U)OCT 79 E SMITH • 0 WILLIAMS p 6 ANDERSON DACWO7—78—C—0055UNCLASSIFIED NL

U

__ U E . JA



I IEV”c
PILOT WATER QUAL1Th’

MON ITORING STUDY

SAN FRANC ISCO BAY AND DELTA

C)

F N ~~~ REPORT 0 C

Octob. r

r repared f r ~r

:.s. Ari~y Enpnee r s tr ~~~t . San Fr .~ r~c~~sC~ ’

c rp* ~f Er~q~ neer 3

~~
1 Math Street

San Franc sco . C)~ ~4 10S

c..~ -
/

‘
.

~~
. •.~(-

E . H .  SMITH £. P.S SOC I P.TES , INC .
4090 R~ PRISON GRADE PD.

SEBASTOPOL. CA 954 72
f)

~9 ii  07 O6~



_____  _____

~IC u N i t ”  C L A S S I F I C A T I O N  or Y w s a ,.AOL (IPh... D.~. E~.v.. ’.d)

~~~~~~~~~~ I , I & i C i t v & 1 I t~ M DA (~C READ fl4STRUCTIOW$
I~~~!~~~I~~I U’J~~UM~~I~ ~ ~~ ~ B~~VOR E COMPL~~T1NG PORN

~ t Po NT NUI~S~~~ ~j GOV T ACC(~~~SON NO ) NECiPuC.i T~~ CA Y A L O G  wu~~eI*

4 ~~~~ ‘d S..4.gp$.) * iyP~~ O~ N t P ON T  4 PV N P O r ~ COV ~~N~~O

l’J Lt)T WATER ~ 1’A !.ITY Mt~N I T o R I s ;  S It ’ I)Y  SA N / J~ ~ A
~~RA N C I S Ct )  ~A? AND DEI.T A - 

1. 1.
•( ~ W NG ONG~ N~~PO~~? wu~~,tN

A~j Tp4 ON~s) 
- - - 

i T~~~~Y~~i~~T ON G N A ~~T N u w e t N ~.i

F .  H .  S.M t  FH ~ ASS.~~~!A F F : S • 1N .
I)A(~~~ ’ ; —  ‘ M — C — ~~~ IS S

• PIN r O N W I N G O N G A N I r A ’ ION ~~~~ A ND A m ) R p S s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T A S k
*N ~ A A S~~RK UNI T NUNSINI

F .  H . S M I T H  ~ ASS 1k I . ~TF: S~ 1N .
-. ~ IL~r r  i~~~ ’ti ~i~t t •  R1’ .i~t I

~~~~~~ 1 • ( A  ~
~~~ /iT,U~Q~~T DATI

“ \~~~
“ ‘~~ i’~~~’~~ N I R U  r ~~ ~~~~~~~ 

~~
— _~~ CL~~~~ ~3?~ — ——_‘Il %A

.. * ~n ‘
~~ rve t  p w ’vwv ~~ D. PI ;rT

s .t n  ~~~~~~~~~~~~~ t A  ~- . 1 t ) S
~~~~~~~~~~~~~~~~~~ aT j~~~~~~~ ,1w~ A A r r ~N f S S .  I t  .%SIt. .t ?~~~~ (~~nI~~~ IIn4 Q l f ir • l  ~~~~~ C U N’ 1 A S S  ?~I~~ •p ’~~

~~~~ I . * - ~~ I I .d

•~~~• ~~~ C C ~~~~

4 ~~~~~~V N  ,,T . ..

~~~~~~~~~~~~~~~~ ~~~~~~~~~~ •

—
. a ~ 

- p tarN -r -i , ‘• .  - - -  flt~~ ,‘l P ‘P ~~~~~~~~~ ‘,~ ,, N.r,,

~~ PI’~~~ W r N A N .  N1 1%

a • a - o r’s - - ‘ - , .  .. • . . . - . .  • — . .  •.. r ‘ P..- r~ • , P 1 - p— P-p-

r :i ~T .Ai I ~ 1tA I . !  • I~ - AV1 U.FT,~I CZ • ( ‘ ‘\ T \~’I’
-
~~~’ 1  ‘~ • FS1 ~I-(’.AN I s j c

I~FS • SAN ~ RA’ ~ I sr~ RA Y

A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~-•A ~~~P .,J I~~~~~~p I p p  A, ASa~ A

R F ~~ M~ FXr ~ M F T H I ~1)S T ’~ r)FTFRNINF W ATER Q~ AL1TY RI rst ~F WATER (ThI,rMN ,
S~’~ PFNDFt ) .%~~ S ET T l E D  PARTU1 LAT F c , ART IFICAI. SI’RSTRAT ES AND ANA LYSIS OF
~ IVA I  y ES ( ( ‘ ‘ R R T C I ’ l  A ET . rMINEA ANt) MYT h I’S EDI1.IS) FINAL STI’I)Y TO DETERMINF
~A TFR ~~A l ITY WI T H R~~ S1~CT Tt~ SFAS ’NM ANT) 11DM VA RIAT1i1N S ’ A ~~~ r

~~~~ 

~~~~~ ) 473 ~~~~~~~~ or ‘~~o~ SS~~~ o soi,P ‘P

— - 
r St C ~ N*t V C~~ Afls ‘IC a ~ p Øs O~ ?Ifl$ 0 A t  t~~~~~i D~~• ~~~~~~~

— ---- --- - -~-- 
_ -—.-— ___

a — . . - — - .  — • -  — -
~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

— -~ —



_______ - . 
~~~~~~~~~

- --.
~~~

-— - -—
~~~~

-
~~~ ~~~~~~~~~~~~~

PILOT WATE R QUAL I TY

MONITORING STUDY

SAN FRANCISCO BAY AND DELTA

FINAL REPORT

E. Smith

D. Wi~~~t ams

Anderso n

W. ~~D tZ

E . H .  SMITH & ASSOCIATES. NC.
4-~9O HARRIS~~ RADE RD.

SEBAS’I’OPOL. CA ~5472

Th~~ ~1ocun~ nt prepared for: ‘~.S. Ari~y Engineer District . San Francisco .
Corps of Enai neers
211 Main Street
San Francisco . CA ~41~ S

a



-~~~ -~~~~ - -~~- - -----

-3

TAB LE OF CONTENTS

PAGE

~~ ST CT TABLES • i i i

.:ST CF F:- ;~ RES •

E X E C~T.T SLM.MARY 

PART : -

1

1. -
~~1 Purpose of This - - r ’ ~~~ 

C P~~~ .-s.~~hy Approach Pro’ect -
. . 3  Scope f work Per~~-~r~rn~’ 4 

~~~~~~~~~~~~~~~~~~~~~~~~~ DE s: ~N RECC~MMENDATI ON S 

- . Ecp 1.-u~.i ’ ion of ~~‘.c Sar~p 11.nQ ~~~~~~ 
2.2 Sensi~~.v.’;y of ~~~~~~~~~~ ~~n~~~. r : r ~a Proorams 
2 . 3  Sa~~ 1~~ o Par.u~~ters and Sa~~ 1~~ a Frequency 

3 .  E7AL~AT I CN 14

:~~t roduct~ ,n 14
3. .  Iv a lu at i ’r -r f Apparatus 14
3.) St~~t~.or. ~~~~~~~~ E v i l u at i on
3 . 4  Re~~s t i on ships of Env im~~~r a 1  Para~~~te r5 m d

~~~~~ ~-~.-- :cc 21
3.5 Art~~f~ :xa1 Substrate 23
3 . t App 1 .~bi ty -~f ~r~’ Test Cr- ~~rnisms 24

4. ST’ DY AREAS 31

4 .  Mare :sland 31
4 . 2  Par’ ; Chicago 36
4 . 3  Treasure s ’ ir.-~

5 .  ~~THODS AND MATERIALS 38

5 . F~eid ollection Methods 38
5 . 2  ~~borat ’ry Ana:ys s
5 . 3  9ivalve Reproduction 55

___________________________



- - - - - . - -~~~~~- - - - -  — --- - ---— -—- -- —----~~~~ 

Table of Contents , (cont.)

PAGE

6. SAMPLING FREQUENCY 56

DATA ANALYSIS 59

-
. 1 Explanation )f Data Malyr is  59

• 2 Replication ‘~f Saoçlos 59
‘.3 Twenty-Four Hour Water 2uality san~~ling 

59
4 Trace E1e~~~nts 69

7 . 5  PCS Ma1ys~~ 
99

.~~~‘ A rtif~ cia1 Substrate
1. ’ Clan Reproduct ’. - n  102

- -~ 
Faunal or t  Sanpies 114
Sedu~*nt - P a rt i c l e  Size A n a l y si s  115

7 . 1 Biva lve  Laboratory E xpe r~ ments 115

REFERENCES 117

APP ENDIX A A-I

AP PENDIX ~ B-i

i f.  7

-



1 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

LIST CF TABLES
4

TABLE PAGE

I S UGGESTED L~~4G-TE RIM MONITORING P I~DG RAM 9

•~~ SAMPLING FREQUENCIES 5~ •

‘~-2  SAMPLING DATES 58

- . TREASURE S .AN~ - EFFORT ‘3 • MAY -
~~~, 1979 - WATE R COLU?V 60

‘-C MARE ISLAN D - EFFORT 01 , APR::. . . : - ~~~~ - ARTIFICIAL
SUBST RATE 60

3 TREASURE ISLAND - EFFORT 41 • MAY ~~, 
:- .~ ~

‘) - SETTLED
PARTICULATES 61

‘-4 T REASURE :SLAND - EFFORT 54 , .~~NE 4 , ~~~~ - I - ARTIFICIAL
SUBSTRATE

MARE :;; .ANC - EFFORT II . MARCH ~~. I ’ 1 - WATE R COLU1’~ 62
MA RE :3 ..AND - ~~‘r~ RT ‘1, MA RCH ~~~, : - B ”TT(’M SEDIMENT
MARE :.LANI’ - F~ ’r’RT • . ,  MARCH 5 , :~~~~ - SED IMENT

‘-
~~ MARE ~~~~~~ - ~:rr”~~ •: . MARCH ~1 . :Y’ -~ -

‘-
~~~ T RACE ELE.’*~4T ANA:. y s : .~ - ‘F THE B::AL .t ~. f 1~~ur~ea 65
‘- 1’  TRACE ~:.EME~~I ANA:.ys :~ ‘F THE B:’:ALUE ~ .‘du1~~s

TRACE ELEMENT ANALYS :3 F THE B: ”A L .T ~.AT : - .T)
‘4. edu~~ .s

TRACE ELEMENT ANALYSIS ~-F THE R ’;A ;T T RANSPLANTED )
M .‘,iu1~..s 68

C~~~MAPY ‘F ~ATER ~~;A:. :~~~. PAR A~~~~E?~ SAMPLED HOURLY
- - :4 MA RE :s:.Au: - ~~NTRI?”TIoN ‘F TRACE :~~‘-‘~~;Ts PER SIZE

- LA.5C ~F 0’ PENCEU PARTT~~ULATES 04

-:c P ’PT ‘H::A .’ - - -‘t~Tp:r~ -rr T’u “F TRACE ELEMENTS PER SIZE CLASS
F .~~ SPEN ~~E~ PAV : ~ ‘LATES

‘-l’ T REASURE ~3LAN~ - cc-NTR:i3~~r:- ’N ‘CF TRACE ELEMENTS PER SIZE
LASS ‘F SCSPENDED PARTIC~~ATES

1’ SUMMARY F HEAVY METALS : N ~ : UALVE TI SSUES AS D?’WPRED
T’ THE MEAN BAC~ GROC’ND LEVELS V A  C TAI , STUDENT’S T TEST 1’

~ 3 SIOMASS ESTIMATES 1-JO
- I TRACE ELEMENT CONTENT - :‘F ATTACHED C ROAN IS MS

- ONADAL STAGE 104

~~ 2 1  TC *~AD DESCRIPTION l-Y’
- . 2  SIZE ‘F C. f 1 u~~i nea TAJCIN FROM SAMPLING EFFORTS I AND 4

FOR C ONAML EXAMINATION - RECORDED BY SIZE CLASS 1 CR 

a — .
— — 

.— -‘
a-- — . — — - - — 

p.

Ii •
~~

— —- - — - --—--- -
~~~~~~

- - -- -- .-—
- - — - ---- .- - 

,— -  
—---—— — - — -- — - - - .



~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~

LIST CF FIGURES

F: ~URE PAGE

4-1. SU :SUN BAY SAMPLING LOCATION . NAVAL W EAPONS 32
STATION ( Port Chicago Site )

3-2 .  CARç-YINE : STRAIT SAJ~ ’LING LOCATION (Mare Island Site) 33
4-3 .  CENTRAL BAY SAMPLING LOCAT ION (Treasure Island Site) 34
4-4 . WATE R DEPTHS ENCOUNTERED (Port Chicago ~. Mare Island ) 35
4-5 . WATE R DEPTHS ENCO UNTERE D (Treasure Island Sitc) 37

)-1. WATER :OLU~~ PCB EXT RACTION APPARATUS 39
r -CB (SLOCUM) SAMPLER 39

-3 .  LLECT CN APPARATUS FOR SUSPENDED PARTICULATE PCB 42
-4 -~~~~.E~~~ION APPARATUS FOR SE~~~L N G  PARTICU~~ TE~ 43

C C LLECT:ON SITE CF Mytilus eduU.s TEST ORGANISMS 45
- - 7 . STAINLESS STEEl. ARTIFICAL SUBSTRATE RACES 42
-, 

~~ ‘S PFNs :CN APPARATUS FOR B:VAL’.T TEST ORGANISMS 48
- -~~ . rL~C :’::oL.ASs ARTIFICAL SUBSTRATE RACES 49

‘— I .  T::AI. O• ?’.t. MARE ISLAND, March 8-9 , 1,~~’ 71
‘- C .  T~~ AL CUR’.T . PORT -CHICAGC , Mar-~~ 13—13 , 1~~7 9 ‘C
‘— 3 .  7I~~AL -JUP.E , TPEASUFE :SLAND , Apr~J ~- 1 , 1)79 73
‘-4 .  SALINITY RE IMES

~~~RT ~~I—TA- ;O ~AL:N:TY REG:ME, March 1 3 — 1 4 , 1 9 7C ~ 75
MA RE S LAND. NFP s ~ NITRATES . March ‘i- -) , 1i~9 ‘6
MARE :sl.AN T . TU R B I D I T Y  -~ AMMONIA, M arch  8-9 , 19’-~

7- ’L PORT CH:- :AOc , NFR.s ‘. NITRATES . March 13-14 , 1979 ‘S
‘- -a . ~‘RT -PH::AGc , T’ RBIDITY & AMJ4DN IA. Ma rch 13- 14 , 1C~’~

TREASURE ISLAND. NFR.S ~. T :?s:DITY , A p r i l 1 ‘ — I I  • 19 9 97

~ i .  WATER •7- LC’~*~ 81
- :E~~TLED PARTICULATES 9 3

‘- :3 .  T’ TAL .;USPENTE: PARTICI’LATE Z - 35
7 — 1 4 .  ~~~~T”M SEDIMENT

My Jus a i 1~~ T S ~~UE -~~~~

• ‘ ‘ rbi ~~- i ia f 1 u r n~ r~e~i T::;SUE
‘-1 ’. AR T :F :C:A L .;UBSTRATE RACKS 101
‘— 13 .  C- —rhi:;:1 -~ f 1 - ~,unea ‘VARY ANP SPERM I-C l -

‘
7— I ’ . ‘rtn~~;,1.~ f~~~ninea CUA P IES N STATE B, STAGE 4

~~~~~~~ .‘-~u1~~s TEST~~7 :N STATE S . STAGE I
‘-CI. i ’ -is “ ( -~ iis  ‘VARI ES N STATE , STAGE 5 111
‘- 2 2.  ~~~ -~s “ hzlis CVARI ES  IN ST~~~ S. STAGE 1 PR 0 111

iv 

_ - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - 

~~~~~~~~~~ 
_ .

~~~~~~~~
— 

~~~~~~ 

-

~~



________

Exzcu-r:’.-E S UW4ARY

The U.1 . Army C~’rps or Engineers initiated a pilot water quality study
for San Franc i~.~ o Bay in 19’S . The ob 1ect ~ ves of this study were
tw o - fo l d .  (1) to develop ~ long- term r~k,nitoring program for selected
:ontamin.ints San Francisco Bay; and ( 2 )  to collect the initial
da ta set of var~ o-~s parameters at preselected sites within San Francisco
Bay to be used in the long—term ~cni torinq program. Because of the
fundinq restri —~tions, replicate fie ld sauçles and laborat ory sub—
sa~~~linq :~,UIJ i.~~t be done . The re fore , it is recome*nded that a
second ~-~~Iot study be performed to address the ~uestions of replication .
Af ter t:~~ co~~ Leti -n or the second pilot study , a three—year ~~ni tortng
program ~s reco~~~ nded . The program is divided into a sore in tense
ne-year P~’.ase 1 and , based upo n the results of Phase I . a two-year

Ph ase :: with I”~~s frequen t sa~~~lin q periods .

A ~ar~ etv ~f water :o -unr -s ~ç e s  were measured at hourly intervals
r i — ~no~ t ‘~e ~o~~- ~ :1 cle ~n -r de r t o  determine the variation

f these parameters -w i t h  ‘-ijes . Examination of the -1at-~ reveals
‘-~~~~t not t ’.I water quality parameters varied detec tab ly ove r a tidal
:~~:1e at each sa~~~~nq ~~~~ The ~a1~ nitv recinie s at the three sa~çling

~ta t ions (Port ~~~~~ Mar e ~~1an d ,. Treasure Island ) clearly reflected
the tif faren t en’.-i r -’ ns where sasç l~ nq occurred . There ~~r, ve ry few
recurrent trends in trace element levels between stations throuqhout
the various tv~’ec ‘f ~ t rsmeters  measured. The bivalve s Corbicula
fluminea and ~~~~~~s edu li3 we re suspended from racks at three locat~ons
in San Francisco say . Tissue analy sis sho~~d trace metal uptake , but
:listoloqi. a1 and p:iy~ i -oio- ~xca l ‘-østs m d ’ . -at~’d stress conditions in the
es ’- bivalve s ~~‘ -~~. stat ’ .’ns. PCB ~~~~~ were ~en era11 y low (below

je’-ec’m- )n (, exc.’p t wa ter -olusw~ - m d  sediment san-ç les where levels
were ~m~ h “n~~~ h - )etect .

V

_,---

L. ~~~~~~~~~~~~~~ - - —~~ - - - - ~~~~~~~~~~~ 
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1. iNTRODUCT ION

‘veral l  Purpose of this Project

~~~~~~~~~~~~ studies onducted by the C .S. Army Corps of Engineers (Corps

~ Engineers) m:i San Francms co Bay (Ander lmni et ~1, l iPS)  presented
f~m~ t o rs  wh ich we re :-)nsmiered t O influence the availability of
pol utan ts t’ u-~.’.’rtebrates. These factors were : (1) the mac1nitude
‘f -n- ant m:~put , (2) the rate of ~~~L1utant ieqradation or re~~ val ,

tm.. ;-:~v sic a 1  and ~~enm :aI characteristics of the receiving waters
‘.:~c udm~~o suspended ~-artmcuLates , 4 the phy s m ~~t l and chemical
:~~mractor ’ .stm:s of the respective I-utar’.ts, and (5) the phy~ m o—
- ‘o’.-:sl .ta .’ of the ~r-~ar’.ism exposed pollutant s .

The -r- ~’- - .-.’.’ - t h m s  -~~~ ‘.d-; were t~~~— f . 1 ~ : (1~ ~ develop a Ior ~~;—
r~— ~~~ mt or ’.:. ; : r -~~r an ~r se..’ •.’ - o.t .mjninant s mr ’ . San Franci sco

os-- ; t~iJ ( C )  to -I. ” “
~~ ‘ ‘ . :~ m ’  m a l  ~sts - e t  of - : a r ’. - ’us parameters at

:r”se~.t - .‘1 s.. t .~~. -s~~~~-.mn San U’- 9.m C to ~~ used m~ i the long—

A ~u~~~’ . -~ ~~ ‘ - r -; tz .’ . :‘ i- .~e 1  ‘ . - . ~~~~~~~ :1.m::- 1 i ~~c— t ~~r~~ sampling
: - r - o r m ~~. ~~

‘ ‘.:~~-~~ ~‘- ‘:. - - -~~ of sançle assay. analyt ’. aI
r ’ - O~~~~s ..t~~~~..:-.: . ~ - • r - ‘-i’ . ns . sn~’. :‘n t rc l  ~f var iables mn

—~ - -
~~~~ s- .. • ‘~~~~~‘ ; ‘-- ;~~v vas t o ‘ xan ’.ro’ ~ t’

- a  1 - .‘ - :,~ ~ 
, :. :,‘ wa ! ‘‘z- - :1 ~cv~ as ‘.:~d — t or

- r  ~ar: ’. sna s ‘ - :  • a ‘ - - ,‘“~~ n ’s a: : - - . - - r . :~-a ’ ’ ~ o m ; h e r v l ;  ( PCBs)
a~~ t’.t -r. . - ar . .-’ v -‘f -a— ; .~ - a~~~ ’~~ a ’ S  w e : ” ; e r f  - r ne d ; r ’ .’ d c

:.m~~~~r ~a a -‘ a : se . .’ - ‘- “-i .a~~~imng ;.t~~s. Therefore ,
e r”’~ .~~~~ 

-
~ -~~ - ~-t  ~~ :-e s” . ~:,.‘d - address :w t l1ow mng

. “ - .  . . ~‘ I - ” t  .r ’. a . :- :- ‘ ‘: c~~~~~~~~~~ :r - : r i n .  

‘- ne ; ~~.
‘ a : . . ‘ - ~~ :~ t~ bi-:a vn ‘r :.mr-isms as in d i—

o’ ri ‘ “l’~~wr-’ -~ a: : P’~Ps the water ~olusr~.

• U v a l  ~ a ’ o w~’’. :: .ar~~~.’ assa~- lete r -min at mons mey be most su i t—
- he 1 - r .~~—~~’r~ ~i-r :t- r’.~ o -tuclv ,

• Fva I - ~a e  ““ sas~~1. ’-.o ~~ t - ~c’dr1-~~: used .

L v ; a .. . ar~ a i v t ca ~w’-hc’ds used .

• ~~veI - r’ - rm ”r’.a f - r  “ v i  a t ’ .~~o ‘- he suitabil:t ~-f the p re—
;~~~~~~~‘ - “ )  -;anplinq ~ ‘.tec f~’r the Ior .o -t e r ~~ monitorino program.

• P~ tain mr m ial back ground data from each of the pre selected
s i tes be used f — ~r th e lon g-term monitorina program .

I ..- 

I

— - - - - — -  —- C~~~~.. ---rL~~
_
~_..~~~

_ 
- -—~~— -—---—-- ~~~~~~~~~~~~~~~~~~~~~~ — - ~--_ -_-
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T e  report f o t -rnar f o l l ows  t he  ~b’ ’ ’t ‘.v.s -‘ut lm ned ‘.n t:~m s irt r~~—
duction . The d i s c us si o n  for~ at is ~esi~ined to add ress each of the
aforementmo:-ed -‘b’eotives based u p n  tne -bservatm ’ns made and the
dat a ~bt a ~~ned f rom this study .

l C  Philoscj:r:y - f  Approach to the Pro’.’ot

~ inv of the f’ .eld and laboratory technique s ‘.sed 1ur’.n~ th ’.s study
w”re adopted fr - Dn tne - or - ~f tn~ ineers ’ mn Urancmsc- ’ Bay Dredqe
Pm :;;‘~‘sa 1 .;t~~F.• - In some :~~‘.it’5 -

~ ar- m -~~~’s were modified t o  r’ f1~’ct and
better ac1 ’ .~’v~’ the ob ’ectmves or t::e ut id~- . As much as poss’.bie the
techniques used ‘.n tne :- r e - er . t  t -udv were -or~- i r - a b 1~ ‘- o those reported

l’.~~ r Ccr~-s or E::o ‘.nt’e r:; ‘ u~ 1 ‘.~~a r ’ . ’r s

A tho’:~~ ‘-:~c ~~ctm~~’s as :~revmaus1v ~ur :ned we re addressed in the
must be rea l ized that ‘::in is a pi lot  ~;tudv ~f very shor t

o n :  ‘her ’~ f r -’ - a , : : . a I varma t ions both - --ntan’ .nant. avam 1—
and : ~~k - :a I r’’ -,~: :-ns,-~ s t • 

~‘st - - - :ar - - -rs -ou 1 ~ :~ot be
“valu _ at ed . Ençhas’.~ —u~ p l a c e i ~n ‘-he ~ev.~:-;- ~~?r:t and evaluat’.on ~t

t es t  :;n’rt- erm uptake and iep ’ .ra t ’ .~ n f contaminants in

;c ec te ’~ Or- .a::’.5~ s. :nf:’rmat ‘.:n was al so ~ &“ .‘~~ i Ted t O evaluate h—no —
ter~ ::‘.tor~ nq ~~ thois in S an Fran cxs-o Ba~’ and the v a l ue of such a

.3 Soo -.e of Work P”rfor~ne1

The -‘v~ ra~~ - mnp ’.r~ ~e s ’ . -~n was estabiished by the Porp s -f Enqineers.
Th’.s :-~~~‘ -~ ;a r - l ’ . n o  fr.’lua’r :y. ‘ -

~~
:-

~ ‘ of ~~~~~ assay , reç l cstmon cf
;a~~ - 1” as~ my • sa~~~l ‘.n~; S m t e  I - - a t  mon , ‘ ~:e f r~ -and ex tent  ~f Lata
a na -,’ s ; , and ; udv ‘c’”:’- ‘.ves. E, (. :r~’.th ~ As:-;~~~’.ates was - ° n t rac ted
• - Icc’ .  rn an~~ :-“rt ‘r~ 

• ::e’ ;1~~ e -
~~~~ ~~~~ ‘.~- r., an.a ~~~~~ ‘. a i  m s s a - --c , and the

at ‘-he r~~t’’ r - The sat~çi ‘.n: p r-~~r-an was ~-~nducted between
Februar’~ ar.d ‘-::‘.e ~~~~

‘° .

There were three ac~~m t m ons to ‘ne da’- m ac~~u m s ’ . ’ m o n  r~aade cv E. H. Smith
- As soc iates: ( I)  ‘ne Ieter-mir ’.at ’.-’n ~f - 1- .”:ooen/lipid and oI- ’.ne
‘- a :r’.::o ra t  mos r ‘ne b i a v ns , a :~m~~t ‘1-~~ ’ . - a 1 st-u iv to estab l’ .sh
‘-he 3 ’- i to ~f ’ .- iviI-:” ~x~nadal -Ievelormc n . and ( 3 )  a - ;er’ .es ‘f
. sb’~ri ’- r -  experiments -onducted ~ ~e errune tne sui’-at-ml ’ .t y of the
bi- ’alve ~Co rb icu la  f ’~- mnmnea m~ a potential ‘ . n d m -.ator oraanlsm.

I: Station ~ - aticn . The sarTç~1’.no stations were preselected by
‘-~~ c Corrs ~f Pn-:~ neers. The :i1’t sa~~ lino station for the central
t-ay (sit” -re w a c  - ‘s tab~~’ . -~hed ~r ‘he easteria side - f Treasure Island .
Site ‘-

~~~~
- was established a~ the a c t  uard pier at the southern tip

-‘f Mar’~ -~~arai mn ‘‘— c a r- umne z .;t ram t  area , and site three was located
‘n th” bar~~’-’ pier it - - ‘r c - ’r i  Naval ~omp~ rs Stati on . Port Chicago .

0

lid ~~~~~~~
- --  -

~~~~~~~~
- -  -- ~~~~~

-
~~~~~

-
~~~

- - ‘ 
~~~~~~~~~~~~

—- -—
~~~
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2: P h v s ’ . c a l  arid Chonical Ana lys ’ .~ o f the Water C;lurrn:. Analyses
we re ~er:o rmed fo r  s a l m n ’ . t y ,  turbid’.ty, sus pended and s e t t l e i~~Ie solids ,
arre~,raia- and n m t : a t e - n m t r o ~;en , and - I ’ . i s O I’.’ed oxygen . mm~~ien were

ected :r.:e ~~tcn. n’ur ~tur a 24—r.jur period at ~sch :;tar cr .
ne ~~‘ . r - t  samplmng e f f o r t , and once at each s ta tmon iurmnq

; ack •ow t ’. d e  f ,r t re remain’.:;; three sar~çlinq e r f  r t s .  Trace
and ICB -: ~rcent rat mons were determined once on il l :;a~~; les

1 , ’c .,-! at — - a - -:: - ‘ i t mon du r m n q  - ‘ ack ~. ~w tide :-n eacn —t tr.~- tour
1.::-:

Task 3: :,‘..o: t~’ P a: • : : a t a ’ ‘ta t r. ir’ .~ ; f - r ’ra c “ ‘~i’ u’~~r.t s and
i ;  we: ‘ - - ~~~~~~~‘ c ’ ‘ : - - -;,,:-.ar a ’ ~‘ -“ 0 a. :- :e S i ::: ’ ‘.~p i syst ‘~~s -

P a r ’ ‘.0 5 w”:’’ ;” ~ a: a ‘ - - : • ‘‘‘ -; .c - asses m t  ‘nac:: s .e :1 ass
w a ~- a:: a l’~~o t  Se; a r - a t ’ -  -r P Z 3 ~, and ‘- : a ”  el ’~~e ; ’ 5 ,

T a - u~c -
~ : P’ - ’ .:~~ P a r ’- ‘.c- il j’- os . P a :  - : - .-~ 

- - o t  I :r.— ; :r~~r ‘ r.o

,e sed :~ f•r.t wat’’r :r.tey~~i-:.’

~.‘‘re ‘.; a t t ’  t a :’ —- ’r r~ :. r.-.- -
~~ ‘ mo:::- -: : : —  . : a-n  - r’’ :: ‘ ‘ ‘ - . Froze n

-we :” - c .  ‘- ::en lv m::.a -ze I : - 9 :  - 
‘- r ~

- ‘ . -  .‘rs-::t :; ,
a n .  :i ’ :oa’ e— n. ’ ’. ~“:- 

- -r.’ e n ’ -

5- -~‘ct’. :: - :  ‘,s !  : : a: . . - s .  ‘-~‘.
- ‘ - : :: ; .- - r . ; l .s  wa s ~o l ’ - -~~~-~-, f - - ‘ -

— ::~~ - a: - r an. ; ;  1 a n’ ‘‘-  I ‘ - :. ? : - . ‘ : . .‘ T m - 01:,
an-I a:: ‘-tm:’~ ;i a r t  i ’ ’ ’: ~~: : : - : a t.~~~’.::’ a s-v ‘- ran:;; II.’ 0

:;“ ~~~~~ r :~ - : a~~’  - a ’ :: -- ’’,ar ’~ I: .ar a n . :  : - : :-.

a - I •‘  P’ ’ -;‘t — -u :; .“l- ; an d c ’,ams so r’ ; ; : , ; -e n — t o  r -
~~~

f ~a t ’ . n .- ; a - c ; . : :  ‘ y t O X  -a~~s . :~‘‘er ~-~- m n m r :  n.-. ~ f ‘- r i - ’; •‘lert’::t ar. I
r 1,ens we r” : “r : - I a l  lv .a me ~n ; -c -

~e 1 - -  , ra n lon 1 v— se b : ’ o t  t ’.~. a i  yes same
or ‘n.e ;t- :  I-.- : l -- :’o: a : , :  1:; ‘~~‘‘ C iS

r : - - a . - .- ” -~ -we: ”  t . - ’ . ’ : r :n ’ -  I .n - ; :— :  a r I- .’— -:~~: ~ ‘ I ‘ : mn - , a r t
- ‘ f :” ’  a - .r :;“ ‘-o ‘ : .- - ‘ mo— : - ‘- -;

~~~~ ‘:

Task ‘ : Ar ’ •t: - ‘ .  a ’, S ~: : . t r m ’ e  ~A - ~~: - h .  I.’: ’ :  - T~:,’ ar ’- ‘ . f :  nil
ri ’-! rm-:c tes mr -

~~ - ow ; -n.e te ’ ’” ~n-o t an- I s - ’ . t p
A exar .- t ” r  - r n ”  f - ‘ :  ‘-n.’ ~o 1 f ’- - ’  • -‘r o;  .‘s• - la r m n e  A - : f -..- m - P  - - rrun.. ‘
? l . ’ x i : ; a ; .  ~rw e c  a nt -;u; ’c-r ‘.n: : l a s s  - ;a ’ttlmn ~ ‘ - b e s w e r ”  n:.t r ioted

a —; I . o - ’ - m  -r. to ’’ ’.  “- . ‘- - ‘om : ‘ .‘,at’s r ac e e “ m,ent -‘n t e’  ml ‘sis rn

a ’ tao he- t  ‘r mr ;~ s - A ; in’. I- m r app.m r mt  -;:; sas -o; - ’ : -~~

- ‘ -  oroan ;:;~~:; f r P P  :rur-ja’ n te ertcmn.a mon .
—w’r.’- m r  1a -a - - mc • 

~~ a 1 ~r-nan’ . -
- :arbo r, , :hI -r n’S’ 1 a ar-I -.‘- - at’. 10

I’. Is .‘‘.‘e 1 we re -r a ’ .  no ‘r:3- ;n- : ’ ‘.on -
~~~‘. 

• : - -)r:t.an:::lnt ~.ata

Task ‘ : ic~~t - mma :t m rm~~r ts .  t tc ’ rm -:.‘-thmap r was :o i l” : ’ -ed cv -a PVC - ‘ re r
fo r  ‘- r i.:” c lemment Ietermin.mt:rn . and by a st~~m b.’or ;tee i cor’
- c t m ’ . r  c-a r~~l’-s  f - r  P°R IPt”r~~’ . n a t m --’ rm . N;t rr~ en I•’ve ls  as ~a~~~nnia and
‘; ‘rm te~ wer” m - r  t e t e r t m : : ~’ - I .  Po -t ’ .t’a p nt size ~a r a  5’.:; a n t  tm- ~n.a1
len ’ ‘.f ’. -a ’ n -ar I “ nj ~~~r a t  m r  wern — -‘ r& -F;c ted  f - -r - each s i t e .

3

— 
— — — ~~~~~~~~~~~~~ _ _ _ _ _ _ _ _
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The mater  ‘ . a  ‘ .n r: ’.i s i “;-~~r t has been eser:~ c-I in two ar t s b-; study
- m-’ ” :ti-.’~~;. th Part , the : e o ~~~~nde I lonq—ter ~ sa~~~l m n  ~ iesiq ~ is

- - I  l ow e- I b- . t he eva b uat mo n ~f - . a . ~ l m n q and traI t .-a l te:h r , ’ .—~ut’s ,
m on ‘~~‘.a I ,nat - -r: - ‘.r.’ rm.a . Part : - -- - :. SiSt S - - f methods

a:: I ~~~t e r ma Is -
, r ha’ -; t u d v  and ‘he r” ~Cr.t am - mi or data, Am.

::: t~’rnai :r’s . ret exem;ce -.:s em, n~as been _ :.corporated ; n . t - - Par
to  a l l ow  n.e :“ .a ter m~~~ dma te a~- - e’ss to tn sc Sanj ~‘.

t. ’ -n.:: ’. ;--ua’ -, . Lat. a a n t  L ’.e• :-’,’ a t ’ . ot, S re sented :n l i t !

— —-- - - - ‘ -  —~~ “—- - — --‘n~~~.— ~~~~~~~~~~~~~~~~~ 
-
~~
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2. SA.~~~t,ING PES: N R1~~O~~ ENDATIONS

-:no-!erm sa~~~l’.:;; program similar in scope to this pilot study is
tescribed below. The pro.3rana has been desi gned to f a c i l i t a t e
to ;u ’ .s’.r ion or iata -whic h should al low an exami nat ion of the relation —
5::’.: ot  suspended or ganis ms ;b iva lv es )  to contaminant levels in their

m l  - !  ;d’ . — a : -- ; r ’ .~~a : ‘ .1’.’ ~1es ’ .one d to obta’.n m m a I.rrmat io n for  the
1.’’.” -r n :-.’ o r a m :- ;— ’a’:-ms t~- : :mt  ‘r mn.; pa n-:r ~a r .  Sr-a’ - - ’ .  f ;  .a l ly,  the

f -: t”U t Sr — a - - - :  • a .na’ I to al l - -w c-me “ v.a I -J .a t ‘ . - n  o -..ara; I no a n . I
a n _ a - ,- ‘  I me’ r.—d.:l i ; ’-  • ‘um • ab’ . 1 m t , ’ the test orqan a.ssts ~sei and
. ‘ a ’ . -n “ v a l  .am ‘. :: r ’ .’”r :a.’ m n  add:t ‘.tn • -tner : CSUI ’ an t ~bserva—

:. - . —1.te I - m r  :n. -; t n ’ .. study are ra’~s - r t e t ,  Eva l :a t  :ons are presented
,.‘: a : a ’” - - ,:. Se:! m n - i 3 o t ’:’ar : • and mm: Part I: hm descrmbe s

~ at “ r m a I:, and ~~~! ha~-d5 used mn the p i - t  at  -id’. a:. t he r e s u l t s  thereb y
a i: -.” - I -

- I t. x : l a n . a t ; ::
__

- t ’ :;a’ :~ a~~
-. .nm g ~ ms ’ .~~r.

A - : “ .‘ - :  - - . a ’” I , ‘ ha’ ;- r :  ‘-a r ‘,- - p ta’ :! ‘,~~
; - f ‘ .e - r .p.- s e t  P

nan::’.’ - r -,::-: : ~ ,‘ - !  ‘.5 ‘ - ‘xan’.::” .an. t  ‘‘‘.‘a1 ~~at - ‘ ‘ n . .  m e l t ’ ‘.- r:~h ’ .;- between
.:s;d’:: I,; I - : :an i ama - a m -I - -r.tamn’ .na r.tS ::: • he. r en’.’’.: on.ment r - urces  of

mn t::’.: ; : r , t e  xt . trace e leme nt s a n t  I’ ‘Ps) to

I -r .anmsnia .~‘-u l I in d ite ‘he w ater  :o lu~~a , -;u: ;;--” :: ted and recen t l y —
; e !t l o t  ~ .ar ’ ’ . : - m l a ! o - ;  tn-i , poss ib ly , sedmren ts .  Padd’.’ional data

- I-ode -: - : : f’ .  ,‘Pt -ab le res’ .due ; standard pn’r’ smc a I tm~ asu re mer t s  
as a’m”z i’: -a t u r n , :;,~~~. , sal  .n m ’ - .- , t- j rhi li t ’.’: a:: : a~~~ n m.a — a n t  n ’ . t r a t e —

- a l l  f u - n . ’ . - : ;  wet” ‘ o i l’~cted f r-nmr t he w a t ’ - r  lu~sa.

The pr - ; - . ‘ s ”  I I -n ~— ‘- “r~ ~~‘nm ’ ‘rm ns pr o ‘er -; ‘-m r ; I I I-.’ ;-r ” - ” le t  l:y a second
p m  I ’  -mt-mb: , Th :  se - - f t  st ud y w o uli add r~~sa the -~ues t 1on  ‘f the nu~~ .r

- f  f ’ .” I  I m-e ;- 1’. - a t e a  and latx r .at ’ rv  aubsasçies necessary t o  ,as s u re a
— ‘ . n t  na--n; • r mn a pr ro raria , 2urmn ( ; ‘ - h i s  p resent ~;t - u t v , funding w as not

v.’a ’ . l a c I ”  ‘ - ake - ; : m f f m c ’ . e n t  f ’.el-i re r l ’ . : .a !es  ‘- c. o s ta b lmsh !ne v a rm ab i l ’ .t y
- ‘n o var mo - - m s par ameters  sa~~~le-t . ~ ic ew:  a. , laboratory subsamp i m o
- - - m l I :: n,. -a r n i e d  oat ! ‘- o v e r i f y  anaIv ’ .o.a I p r e c . s i  -r ’ . . There fore , we

i c ’c~~n.t p m I o t  study see Appendix B) before s t a r t ’ . nc  ‘ Pie

~~ro- erm” m r - -a” . m s  reco ~~nended !hat the sas~~lmn q techn’.~ ues used
r o - e ’ r ’ p’ .I - t  - i tu - ty  P e - ! ; - n  5)  be retai ned , a f te r  sua gested

na t ’ . f’ .  - a ’- ’. v’s i :,. ’’. -n 3 ) ar~ mn::’ rp’- r . a r e I  and -ap i’ .’ .ed mn ‘-he second
:1 “ ct- :ct y and lona- ’ - e r m mo nitor in g proaram. In add i ion to these data ,

I a a  (mnc lud inq precipitation, wind velocity and solar irrad i-
an :”; mn - I ‘-.-Ia l h i ;ht t at a would be -useful as backqr ound informat ion ,
a r t  - -ar be .-‘ a c m ’j recorded -us ing auto mated dev ices .

P.ise l - mr’--,r. ‘-Pie t e 5 - t i t s  -‘f this pilot study and those of the recosmanded
;e- --- r I p il ot  mt- id ’;. ‘-he long-term sa~~ linq proqram is desieraed to span

5

I

--  ~~~ _____  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

~~~~~~



hr -c. ’ .o.m : ti and ~i me ; at ated tnt ’ !~e~ ;I ;.~~es .  Phase I would cons ist
or ;:: t a’ :.~~’ .ve ~ r : t n ly ‘~.ar~ .- ;nj an-i m e a su r em e n t  o r .a s um te ~- t  e ’v  ma- onnental
var:ablea a . l ln.a~ e : da ta w~,uI I • hen be ana lvze i  mn an effort ‘o de ter—
- ;::~‘ Jur i:: ; whmcn ~~‘ntns sr the fol  l.’wmn.~ -.-o.ar les s freq uent sampling
n m  ;~:! ~~~ ‘ ~~rn)~u -! 

~o I ,  SazsF I mn g t ime a~ w.’:ml .1 be se la ’ c t c - t ti~ .tS to maximize
::,- m : oa a-c rae: : • m o n  - - a - m t  mc a 

~~~~~ 
hv - i m  - I m cii and env i ronxewnt a I changes

mn p-ar ! ‘.c-m ’.ar . of ot an.murt—en.vi -rament relat m . n : a h m ; - s  . The resultant
‘:.a ~~~~ : -

‘ aea~ 1 m :: ; a - mr .tlr won I I n..’:. p :- - -~-eed a:; a much nan a-” COst  —

or r~’ ’  ‘ . ‘.‘~~ ~s:!n,-..t - f  ;at herm :: a i n f o r~~at mon.

Sen ; : m ’.’i!-: ‘f no— T e m- ” ~4~r : m m a _ n N - r.arTa ,.3

A l I “:~~sv ’J t e~~~ ‘.r,der -;o l’ n-r—! .‘rm -r..ar.-m e s , -i - re’ ,t -~r- .m :m: ‘aa-: be r’,’cI
a: 1 ther -3 .nm.I m r”ct ‘. r~a I - . ‘rt, -,‘aa’. be toe ‘ at ural - I ‘.rraat mc

a :  ma ~~’. -n , m-eo.o o ’.o.a . e’.”’:ts , or gmo.a l : r’-:e-;se5; -th erti
I -n —!e~~ a::!hr- --; - - i’ : : ’ . o  m ::flmenorS . A’ r.’’u”:! , few r’’s.’ar

- ‘ : at” - ;m” s -az- c a’.’m ml ,a.tl ” ‘ I.’t ,’m n.m:. ,’ -nm ch n.a:::e-i arc - - .- - : .-: a n :
- n a:” ‘.n.’. t ’ .r” ‘ ‘. -roi l r ‘0 1’. - . ‘.:. rm;s :: a::’:.: - ;-. - ;.‘nm -a~~~- :: - - e m

:~amn. ;es ‘n - a ’- mr .a I n- .’’; - T~- e - ,e a : . - t Y ‘r a y  ‘.n ’ i m C - : m  a .
- :- . - no” I ‘a- — ‘ ~~‘ - —  :- .:_a ’: ‘.‘ ,‘‘e t ,a~ -a a p - - ’ :: ‘ -- .“- —i -c’

a.  and o r - a : ’ :  m :s i  :nmrr-~- ’aa ’s . 

‘ n.e -- - — r  I - ma ~4t m ‘na • n a ’ ; ist be answe red by  ‘-ne -
- rps - f

‘.5 a’ : wn. - a l”’.”ls - f  — f f - r -  ar.d - ; e n a m t m ’ ’ m ! y  sn5t a
‘- “a -— ta -’rt; -’r ’ .n: : - ‘ --ca y~~~ be - -~ :-. ‘ . -‘ ad ~~~-m -..-”:t an answer to ‘o’rms t :as ’ .c

or ; ‘- m ; 1’. mo- u I t ‘‘ - -r-~- lo ’” Iv to ~ m a tea .  m a t ’ . .- I no—terrn
ta ‘r’.! ‘r’.:: : pr ’.~ - .a~a . :~ ‘- .n. urpose t ‘ - n.e s aa~’ lmn g  nr ‘ : ran  m a -o

~aa’ -’n :-.‘r - ’.rha’m ~ns ‘ - ne .‘ - - s’.’q !t’na at wi I”i~~ separated
:ns mn ‘no ~~a’,’ , ‘-han ‘ : . -  lo ’,”l -f ~ f f - r ’ an -I  ief. -’,. ’ : ’ . v ’, !v  - f

;.‘rr lmn q  I esm;n  —~~- m . I roe I ‘- -‘ a - o f  I”- - ’  ‘h; ; :“ ; ;i r”ment

“- i- ‘- “ r ’  se: :mm mv ’ .’ - r ”f ”m ~ ‘-‘ ‘n.e a t - i l : ’ - ,- ‘- o istect -‘ .ange . H; ;hl’,’
;“nmm’ ’.-.-e :-m - -oz- a -ts “a b l e  ,‘er’ . o m~t ‘. nm.a” :as ‘~~~ be Ie !oc te ’ t , arid
- - ‘ 5 ;  ;Ofol’.’- ~v. :-r -~:r antq le’-” -. - — 1 - .’ I a r : ° - r ~~ r - s s  :Imanae a . In. many

‘ :n.e Ie- r ne  -
~~~ a a ~~” I.’ : e;- , m - a ~~ ; ’ n -

~” .: s ta n t ’ . a l l-,’ ‘on~’ r m b u t e s  t o

:.“ m o o s ; !  .o.’ : r- f ‘ ::e -m afl ’ I mn.; r- -
~ i rara . T’ :e a- ” ; -  I - -a ’ m -~n ta ta  ‘Lm ~a m  n et

- m l  — ‘ -  ‘ ; Ir - :s 0” a tv ’ :- ma ’” - 1’ ’ “rn’; no ‘n.- “-umnibe r ‘f a-A r ‘ . —

-t’~~ -ar ; los ‘ - :-“ n . a , n’c’ i  ‘ ‘-he 1 n ;— ’”r~ nvon’.! - n ’ . ,’;~~~~~m- ’ - - a - ’ , thus
It ’ , ‘. ~~~~~. rt~’ “~~~ I” mn a ’ re~ ar1 , ;n’- i I ‘- :“ n, I.’! ‘. - rr f

n” :-’ - ’r’~ r.-:Ie’4. cv’ : --r. t p - m I - ’ -  m t - m i ’.- .

Ass -unmn. -7 ‘he n x ; s onr.  ‘f m i f f ’ .  - ‘ .a n t  est imates - o f  var iation , the
to :ran of r~ r l m  :.ation :~ bent I n — m i n d  n y m o r  t o  the mnxt iatmo n —f a

~ 

i~~~ . •h. SAr : s i ! iv it ’ j  of  the prooram as
a wr’.o .” , m t  - f  -‘ i b ‘f ‘.‘ - ‘I’~—.’r.°nts ran be s elected .

~f -n ‘- tn “~ro!- hand ‘ocr-n m c  a to letec! more subtle changes at
fowe r ;‘t’ :’ . -ns in ‘n.e bay and - ‘ at t e r ~~t ‘o d ist ing u ish between na t—
m r - a l  f u- n ’ m a ’ ‘. ‘ns an- I ‘n .c c ”  m r - - ’ a e I by anthropoaenic d isturbance , a
- - - r s ’ . -te r ’ t b l - . - mn :r,aq .a-i “ f f r ’ wr ’,; l j  :—e required ‘ cs conduct -a mo re

m”n s a s ’ I ’ . r .s ; r - — ’mrar ~.

— —~ - —-- ~~ —.- -

~~~~~~~ - ---a _ _- -



‘he au’ : :s’: ‘, ‘hi  a :a ;  ‘a- ’ n’r --or W I ’  h ‘ - h o  au - a ;a ’sted -a~— r roach for
I : - a— ’ e r n ’  °- - I - -u a I ‘~ -r: m t o rI n~a re -ant I -; !.‘‘.‘e 1 1nd by ! n.e ~at ional

~~~
- m , ’n:n F- - in -ta ’: mo : ; -‘ -n feren.. - t’ ~~~‘,‘r- a U I , ~~~, irid 3 )  . These reports

“ne n-a -i; ~e ‘ :;a t ox ’ rome - .are mu :,’ be ‘ak.. ’ m m ; ‘he sel ect i- n of methods
:; ;-‘erm a! -mdv . The -aut ho rs qe r acr a l I v re -ovvraend tha t measure~~ nta

‘0 -- u I I a- v . Ic ta’ :a

I - : 1”:. ‘ : ‘ . r - .:.i -1’. : ant m - : .  -a I an I .:‘,-:: I . -r o.an :o ‘, -

Test e - - c s I -’ ; i - a l !I:e r - me~ . • r r ’ . n -~ i’- ab: ’.’- r , tm vc r s i! ,
-
~~~~~ i t ’ .- - ‘ r - ;~ ma - m: .  m,  mOd --s! v’n tr’.”l - — ~ ma r.’:

3 )  ..‘~~ ‘ct ‘ m m’t’ Ia.;:; m o ‘n.e a ;‘:,‘n ’ -; rasp - ’ -: s,’ t o -- n ! s m d e
‘.nf’..v’::.

~~~~~ An ’ as - .0:: . m t . ’?o m n—t ’ .cato r~ of ecolo;mcal :::.an.~e .

‘h” . a l  so a-.’ : —rs’ I ‘ hat measua-omen ‘:“~-hn. I ;ja ;, - ;h- m Id also have the
- -~~m n. :.‘:.a: a c ! e r m s ’

: ;m n ~- ,’ . - -.t- ,- t:: r ” I ’ . a c m l m ’:-.- —— ’;- — !::at - - ‘ ‘.t’.,eS n.a-:.’ a ’:
t~~f:.’r.’n.’ -a ’ . ’-es :r ‘;“aea - In’,- t m f f e r a n t ;o ’’e~~ m .;a —r: ; may
‘..‘ - ‘rr. .a r - e t  wi ’.’: ::‘nfm Icr-ace ,

.)  ~ ‘: amr - i I. ‘ o—— ’ “.a ’ m s, ,:-. I .~~e I-: ‘ - :oa :. :” ta - as ’- m c.. II ~- ‘ .‘er
I ‘n.; :.‘r: - - Is :-e ,-

‘.~~~~
• “ - ‘  - a - : zr - a -  --u s ,n ,’: - —rsarm :;c-

-who: : 000:: ’. - m. ’ - ::a:. no

~s -uarmes or”.’’. to a “.‘ -i t ‘.nteresting pr -~Pi.’ms a n t  a ” -~! : - ns - am nce
‘n.”-.- ar ” -::.a ’,- a - -’  ~ r m~ o- t ~:r- rapid -rhan ge s ;n — ar,-: f ,a : !o rs  : n t he !e~~~o ral
a : . t  ‘:•.e - pa ’ :  ma l  t m ~~’ rrcm - mrs . Pe~’.;Iia r and m rr em;Iar ‘- i Iai - ‘scillations ,
-;; -~ i a - tm -

- f m -v ’ - n.wa’ “a - mn T- ut a an I m r r e r u la r  win-I ‘;t yesg es a ffect ‘he
oal mn ’ .’ - .- an. I ‘- -~ rb ‘..t;’:.~ - P lant  n- ; t r  ‘.a::! - --ama’ fr —m ’: ‘aanr- o:mr -as trot

e a~~’-mn. ’- m’~’.a; I I” - a- ;-h’;’- 1 .an..~’: ‘r. na-, or mna ’,’ - o r - ’ be I mmi t m a .
Rates ‘f :-rmra ,mrr ’ ~-r ’-i-jc’ i ’ ; ’ . ’ ;  and ‘he Iortmnart ;ohy !ollarikt ~n s pec ies

~‘.1o ; in span..  a n t  ‘::nw’ . ‘‘. q s c l - .’v’ I —x’;-no n. ‘~a ’; moan-m e fr-as
- ; - .:-°rc ,a ’ :- m r a’ c-I near ‘-nv ’  - - .rf -a .:o ‘-o ‘.meleas:mr .a L- 1° 1 c’.” s at ‘he bettosa
a ’- ‘ ho  sara ’ tm—a’ .: I stati on . The ao ron- Is are .affe - -- !e - I  b” :t-ianne l
ty”  t c s m n  s , s~ t ’ .ment  resuapens; -n. , - a n t  w a s ’ a Ii s-:h.arge . Tt- .aoe a Iement and

p-~~m a’ :a’ . Iabi ’.;’- ’,’ an -I ‘;pt&~e rates -am affected by ‘he chanamna levels
‘I’ n m ’ rm ”n ’ -a , to x mc m-.ate r mals  an- I :—a t hc mens wh’. oh may ‘r may not be 

.n ‘-he ecosystem. There are a large number -‘f -~en t ral
a --n s ‘.~~~I med by the a~~~ve br ief l~~st of mn ter ,a - ’ : m a  fac t o rs .  The

; ‘ma lm t .a !m ’ -’n relationships between some ‘f these factors are aenerally
-inderq t - -- --I , but ‘h~ ~- man tm!a ! ; ’,’. rela ttonsh ’ .ps are nc-!, and are
-r- :’mr a , has;: e-:csio -iai a1 tue gt ’ .;~n s .
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_ _ _ _  ~~~~~~~~~~ - ‘

.o’,’~j~~~ st ~o::~~’.’:’.’,’i’:’,’ must be s e lc -t e d  on ly a f t e r  :oi;sid erat ion Ot

- ‘ s t s ,  Therefore , :t m u casera t i ~~l to :Iuar lv os ta b i i~ h t he qo ais or

* 1 -n - — term ~ u n m t oz mnq ;-r:~~ram , tht ’ s e m :s m t m v m t v  - o f the sançli ng desi gn ,
-ns ~u’:euc’,’ :f ‘:t’~- hni~~ue and the -iur a tm -n; of t Oe  -,t-od’,’ . Any lono—

t e r m  aTonmto r~~: - . -o :or ~~~ran .tesi~3n must contend with ‘ha’ tremendous number
- f - ‘t:tz mbu!~’r,; ’:o the v a r  man. :e - t ~‘n’.’i rr ’r;n’ental para m ete rs encountered

an  ~‘s t - uar .  ; no ’ a c st — o t font m- -’e ;-r o ;ran ’ to ~.-e t t o e  “ s tab i  m ,herl
p ’.al ’ rus t  be r r” t t e - i,

An a! ~en’a~t . -- ~a,ade in ‘ : : : i ’ .  reo-~:rt , ~ t ’:nm:: • he ros ’ :r ’ . -
~~~; z:a m z-mt,oosed i”.

to:,: t.n.t or - a z - a r- - t - r ~~ate Lm’:,a , -and too la ~-~. or a ‘:-~,w I_ ’:.:a, of
-man s; ’ : ‘. c m ’ -  a-” vi m red , ama.ake a-” ronra - ha ’ m ‘ m t s : ” ’.’m:. ’-:. ‘ t :.t’ leg ’.

a I:: :— ‘ .‘ z a  na’n~~’- - r m n o  :;ro~~r.am,

- 3 ~~a m -~~ I m o - -i i’ %a - a~~_’’:~’ r s  a n .1  y: I mar - :

A -‘ .‘.r-’u~.ar ’ . -it ‘:0,: ~ang o I ’ . n.m Ies ’ .on  ‘.3 :- r ’s’,::t, I m n Tan,.- —

• :— ‘.moa’ ‘ . 2  -, t ‘- - m I- — TOm a r  - , o ~m a ’ . ‘ .‘ a ; :0 - ‘ w Fh.a :o’s

I — :n.~~’n~ m’’o ma r s 1 m o : - a- no
— 3.a - ,~ 

- na-n m’  a - m n - :  t a -  !-w c: ,- ,’, i r s ,

::. Si’a .,o : .a tm - n - ,S

0.-we r ~~ I’--a — ‘-‘n-’ ‘hm - a
Tz- .ana~~!m ‘ha, .k~ne — pare Is , a n t

entr a I San r-r an.-:; - ‘ 8ay — T a- ” .as ’.r-” Is Ian-I
.1 ;,a n. Fr- ant : ‘.5 -0 ’ ~av — - ;  . na I ) ~ • .‘m ‘no area

between s-a n Mateo s r ’ . ;jg e -an-I .om rm’.L-.ar ’- n Pu too

m,amp~~mn -;  a ra re te r - ;  — 3cc .a;- , ” ,- -

1 Wa er - ‘ Imrv

I’- ‘..m m-o:- -ir rsmr .ded ‘-hat Phase 1 water :-Iarsr measurements -1 ‘ -a -a nn
-‘.“me r.’s , P~’1s and :.- - r .f m l terab le residue NFP - be made na-mm :!hl-

m a-  and nmty , ’ :e~~rm’ . t roqen can be taken as b,ackor”un;I data ,
Measuremen’-s - of sa l’ . romty ,  temperature , ‘- m rb iJm! ’ .’ and l issolved
— x’j’ne n (3.” .) should be made tt -nthi- ’ , ‘r ;f poss i ble , b-; automated ,

mn -u -‘mis ;auçlerc.

Phase :: s ançl m r.a :-iuIi be conducted ‘nc” v’vnry ‘hrv ’n ~ ha m ’ 
- nI - ,’ f ‘ -n a  ta t a nbta mn ed 1 ; ar ’ .n .~ Phase I indicated ‘hat such a redune l

Ie’~~l s f  o f f - o r !  wco ui.I nr’! decrease na’rm m a - ) r ina m er .sm t ’ .vmty bnl’w

— ~~— - ~~---—- ~~~~~~ - —~~-~~~~~~~~~~~~~~
- -—--
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TAB LE ~ - I. s ’ : ’ ;~;ESTE n ~~U .-TE R,M MON I T-’R z f ~ ; P~~s;RAM

Pta.a~ e I Phase II
Sasçlina Total

I ’ . n-a T- t a I U Fr-a ;-ot’nc’.’ SaIiçies

________ 
Frepmen cv j~a.- r L a s  Per Year Per Year

‘ :e r  0-’ 1 m ama! ; t-’g~n ‘ii r- 2 ‘‘vi- - 4
‘~FR , T:oace Elements , 

- 
mon ths

P h’ ; S m c u l  ~‘a?a3urements -

al m: m m t - ,’ , temperature ,
3.0.,
Ari~~n t a —  arot Nitrate—
N ’ .!a -~~-a -an tn-I PCSs .

:1. ;
~‘.s;—~~. t.n.t F a a ’- . .atos “‘n!hI- ,’ 1,1 “‘.“r’. 3 4

Ta- a a’ £I”ra’n’: ,

- .;o’:’: : ‘.n~ Par t~~:-uIa’:es’ 2 “a r , - “ar
PCBs , Ta- a -” E ”ment-;.

:‘.‘ . a’ t ’ .ra’n.’: .1,0”  ar  .1 .1 yea r
T a - a -’-

Par ’ ’ . - - I ’  S ;c”  A::aI’; m s

u s a - o n d e r t  ‘es ’- ~rcrisins t4’nthl y~ IS aver’. 2 I)
‘.- nad mol e x months

cn
T a- i rm na- ’  :. ~~

‘-:

I- a-’; weim ~ at ‘masuei
1 ‘.‘o Imre

Ta- o “ lamer.’-
;~ ‘ta ’;

Ar ’- ’. f m  ; a I  mhs ’ - r - t n ’ — —  — —  — —  — —

~~n :- ’amm s m ’ .c , aut ,oaa ’mc mo nitOr ing .
T.~’.a’-c -mnl es s concerned with dredge spoil resusp ensi on .

n by part icle size not required unless r e l a t i onsh ip  tc
-a-asp er .le.i ~rqara tsm -sptake can be established .

Sa,çled -rr~ frequently if sediment resuspension of concer n .
-a y° .ar , ber,’:hic oraanisms could be collected by m m .

‘:arç-led zma- ’nrhiy plus 3 times during active reproductive periods.
:nc - idec ;-t --t’.!;-in -if 4 extra sasçles during reproduction period .

.r Iesq  mo re l aboratory work perfors~ d .

- 
.

_ — — — .  -_ -
~~~

--

-.——‘_---_-—- 
—

~~
. -

~~~~
---_-_

~~~
-
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-~~

es’:.tbl ished love is , .is discussed above ,

Comp osite samp1mn~ ms reco~~ma maded rat:wr ‘.o’..j r. the co l l e - t m - o :  o f
-:rete arab ~,arr~ol es. Durat tori of ~- :om~---’ s;r - ion nm-ant to f - ’r  24 hour:. or

~ :~ ~~ at each stat’. on - This pm lot st udy has uhewa~ that o f the
carmables investigated , s a l ’ . u m t y  ms that with the most. momma -tent
:“ la tm. ’m: to t ida l flux .

. 3 . 2  
~ °~ F °~~-1°~ 

P .artm - l ,a t ’ o s

our ’.-:-: Phase 1 , - - ‘ m p~- ’s i !~’ -,ar o las mo:;l-i be naad” f-o n 1’~~~s and trace
‘;,amen.ts, mn.a1.- ’ : ’ . c al sepa r a tm on ‘f water --‘ I am ’- m nu la tes ma -ito

am t m m  m o  m .a l :a’ ::monr rma’s bao;a-I - o n ;v’ - t m m e n t m at m o n  nn.ara- : ter; st tcs  need :m -ot
be tt.i .t i ’  ; n . , C S S  : ei.a! m . ’ns ::; Os between v-a m! mcI ’: r’:tent m om : and size—
Ienme:ntent :oa r ’- d o  ‘to I ‘:0! mon ov -;~~sa--, ’~~-tao I ‘o as! - :  roan. :, rn s exist  •

‘.I.n.; ‘otul  ‘. -; :na s moo.::-. st-,c--wr: : a )oable  f mIter : no ~r suspension
a . l  ar ’: m. - I’: -

‘ mz e  :r-’u; ’m whm - n were separated t n . t  anal - 0’ ,’:a ’ -i Iur ’.o:~ .zmis
n - m I - ’  st: md - .

Phase m a n - I  m:: - : ~o o r 1 I  m~ ’ m o r n - ;  o’:~- -: a ’ a ra-Incari a - a ’’’ -as:;uru::-:
‘.0 -;::-‘a-:. tour ’ .: :- : PhaSe 1 ‘- a ’ -a m ’ o - i o m c t ’ .~ --n r f  ‘ o f t - a ’ ~- -ou~ d root decrease
‘‘re - m t ’ . I ’ . ’ : -.- of ‘he Ia ’ a - t ’ - .imn et .

— - 3. 3 e’ ‘ I mn - a Par’’.

m a a-en oara ’r , I’o I tO- i t s” ’ ’ :lm n -: par ’- ’ . on I .tt’s be -..iro;- 1.- I ‘ w ic e -a y ear
‘.0 P’na:;e 1 in-I 1) , Th i .; to- - cm or. : s : ase~l -u; -~‘n the  fact  ‘: :oat ta-ac

• .‘ - t o m : , i n m - ; ros a m °  - n . ; s ) - e r s ’ .  on faorit’rs an-I r~ i’:’ rora’~ some l a m - mar
-am ’- m o l e s  w h. :0 are so “l’.nc ::r—m;~ h ‘ he water  :nI urnn . f to ~~-ms i t

fee Icr-i - r ;:io;n-~o r o ;  m -‘n f” te rs  . ‘ . v m : -. -: ‘.n ‘ i an ’ :  - - ; - m L-s t  ra ta we re the
‘a’s’ - r :-an. ’. ;p’ , ‘-n.cn tOe set! I mn- u p.ar’ m ouI ares w r o o ; I - i  be more inçortant

f a - n s ; s p a v : - s ’ .  -r, of  na te rmals  at o m ’ - her t he w ate r su~ st rat -u1aa ‘ .nt erf ace
or ‘.r. toot-c r laye rs ‘.s considered a pcs s ;bm lm ty  near monitormna sites ,
then - e ’!l mn- u p a r ! m . rom i.atas ~hcu l -i be sampled mor° frequently.

2 . 3 .

The m are r°~~”rw’ a ’m ’ns ar° made f ro m -; a ’j ’ .ment sa mpl ing frequency as
f ’r se!!I-,n- -u oa r ’-m -oo -uia tes. Biannua l samples would be taken throughout
;,- ‘h ‘hase 1 and Ii. Trace elements , PCBs , and particle size
a n , a lv - mes -wrou l I na performed -n these samples. Once a year , benthic
: rma nms rs - moult  be :os l lec ted by :ore to ver i fy  any ma’or change in
;a - l ’.mer ,  -har a : ’ v ’ r m v - i c s . An annual -rol lect ion and enumeration -of

i’’ -un a  would be conducted to serve as adlunct data and as an
am _ i  ‘- —‘ mza te r - r r nt a tmon  ‘ . f  sj ~ n m f ’ . ’ .nant  :hanae s were found in sed iment

-- --~~~~~ ~~~~~ -- - -~~~~~~ -~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2. 3 ,5 Ar t i ~~’ .c m .a l .3mmbst rate

ms racoi ~m~~nded tha t , untml more f ie ld  and iaborat . ’rr- work is corn—
:i e’:t:d , ‘:he ar t ’ . f m n m a l  substrate not be used . This pilot study has
-,hcWTO t h at  there are ~~ ny variables m:; the 4rowt h p.ittemn~ of epi-

m o  co~~~uh’.t ies, Both plant and anm~~~l populations ohange in
species c ompn-s ’ .tm ‘n , period of attachment , metabolism and pollutant
u~ take rates . ~tne r i~~ur re’s of ~~~~ I Iutants (for e xa mple , sett I mn-u
:.~ar ’: ‘.-:-ulates , ant water  :olouarj; ) were observed too atf’::: estimates of

-mor an i::an! dontent  of ep’ .u’ .~~t mc sp-oc’.es. Thorefor e , m t  was f e l t tha t
mm ‘ a s k  .0 -o m I i :~~‘ to Ic ‘‘ ~t in I ess ad d ’ . ’ m - ::.i I resear cm; is lore to

m m -y e • or e to s ‘. - f ‘ h~’ r_ack s m - - ’ r ’ r : m s  ‘ y~ t’ - . , TIre ni’ los mon

m~~m.rovements ‘ .m :m-.’m mn- c  I-u.te ‘-“a- ’: :al m a ’ her ‘o ar ; n a- m.monroa l substrate
t -oL-.’s , ‘,he r”c ’.’ :e~lucmr..; t :oe - mu r face  ava i l a b l e  a - - - r  tO t ’  .:o l lt’ot~~on :t

I’.:;-: p.ir!’. :-iIat’os. m-t;a, r ’m samp ’.m:. : ‘.:;ter’.’ais mmml. ;  ~~ mnvestm—
:.it .’-t ‘ - :os:i’.bl reduce ‘:ho .tm~ oo n:t mm - ontoanmn.an~ :. bum ‘ : m ~~~m:’. ‘:he
a l a s s  ; :mo ;t rate t ubes ,

2 . 3. ’- .3-u - j o-er. -t t ’  I r :,a:m m o.zy ’.s

-men’ e l  ‘.n t 0,: Eva b at’. on .3,. -.  m m:-. 3) ar” a ‘oar ‘ .“ t r-  - -snmb le
- ‘ar :abl”s a s:,c.cmated wm’::; -us’.:;-: -;-o s~ 

,:r-. t c t ~r- ar.’. ,rrs t o assess ‘‘me
Is - : -m;toanmn..a nt s - - - ;r r  ‘. ‘: ‘ ro t ’  ;arr Franc msm c b a .  and 3elta

am on s. ~i-~~~ :’.’e: , — m t :- a : r  - r” r I’,’ to , ’ . - : r . c t f m e l  I ar- I i .uLx ra ’ ’r’’
mm an , -

~~~~ be I’. eve • :-,jt ‘: :o’: mse - -;n _ - :; -; - en. l e t  r o a r .  m :ns can pr-o v  m e
a p m a c t m : a l  ~~ ar.s o f  mo nm ’ -- -- : - m: o - ;  ‘ ) X ’ . c m ’- y Leve ls  v ia • - m t h e r  ~ a~ - -r
I ’ n-a — ’e rm o:oa n~~’s , or b’. t o -ute - 0 - -o r ’ -temn -roarr aas,

;o I ”  -‘ m or - f a Sm: ; I” ‘m ’ s mm o.a:; m :;n • nat w m I I  f mar - t m o n  at a

r r - mm ~~a I  o~~ !,aLao l m _  ra t”  at a l l  three I - : a t m  no, w m t : - .m n ‘- 0,’ bar’ -Ic i’ a
-, ‘- “n m S  -.‘~~ro l m f f m c i ’ : .  -~0orbmcr; la f lunmnea a M” - a r c  ‘ - m mx’ a
f ” a - ; m b le -a.’ Ia-: ’- ’. -n f - - ia- f r e s h w a te r  l - o , a t m - o r : ; w here ‘he -o i l  , h m t - ,- toes

- ‘ -  ‘.0 :rn a sa ~ at>-- ’.~-’ I - opt f - r an .’ ,c n-~t mm ‘f ‘- mr ~e , My’ ‘.1 - ms c-I-u I i S

;-m r’ .’m - .’c’ t var’.’ -~-‘
-‘1l in ‘no -Ion’m r a l  Bay whe re na ’ . r o ’ . ! m c s  are hi-an . 1!

‘ . s ’ -h” ’- r- a rrs ‘.t’ . croal zone a ’: Mare ::;lan-i ‘ha’: re-mar. ! s ‘mo o :r” ,ateSt

- n - I”m—.s - I- - a-mo m - - a l a  -o r’.::; I I l~’ w e l l  a’: ‘his site lurmmo a ‘t oe ma mro y
coason ~:oer. - a j . 0 m ’m . ~ mc low , but wm ’.l n-~! oir’omve ‘he hiah n ea r—m arm n e

sa l  :n m  t h a t  occurs loam mn -a the :;m;m~~er ‘v’ 5, ‘~~nve r ’O  1 ‘ , M
y~~ il -u s

I .  sur ’.’m’.’~ w e l l- tur ’ .n~; ‘hi’ auiasaae r mon th s , bm;t wm II ~-rr-b,ab ir ’ f unction
a ’ a r ”-I-;o ”l metabrol ’ .c ma ’: ’- d urm ora ‘m a-me ramny -mea s’n when exposed to
I -we r m , a l m n ’ . ’ -r , ra,a-.’ be -‘o -;s’.bbe ;!m lmze both -- ircanisms during
• 0 )5O p a r mo~ts of ‘-he year when ‘:0ev w i l l  survive and f-m o! i - i n best:
-use ~- i rb m:ula i -u r mnca tIr e rainy seas on , and My t m i us  -iurmn u the su~~ er
mo nths - although this arrang ement makes m t l i ffmcul’ r  to’ -:-o’TT~oar e
r e s mml ! -  be !w.’.r’r ‘°r-7anisms wi tnout exten am ’ .’. laboratory and f ield

-~ mmç a r m s on .  An alterna ’.’.’° ‘ - - ‘  ‘n.e ms a -‘f amther of ‘he -aforementioned
b ’ .- ’-al ’ .’~~ ~-m ;  I l~~ ‘ mIt e rise of ~la - -r-,a sp. no attached bivalves were
mc ” :. i ’ ‘-ta rn :sIan ~ Pmer , - L ’ v ;a t m n- ;  ‘-ho -as.’ - f native t1a f l i Sf laS )
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:‘: - mmo ~- ;1- I  be mo :ed , r;~’w ev ~’r , t h a t  there -a re - ,umostan tma l dm f ~ mc -u l t me s
‘.0 !a- e ‘ma’.h!t’na :000 ~~~~ a :.o~-u I a t m c n  -~~~~ m nfa urmal  - r O a : m m s r n s mo clas t ic

s -om ~.t: .at a - a - r ” - -orro nt - ara~ Imno and such -- a - aar.msris mar’ not survive
I -:o~ -,-uo,; ,-:mdt’-i ’.n ’:h., water column . By suspending beth Corbicula
a:. I ~~~~~~~ at Mare :sla:od I-u:-tno ‘moo nrc ; ~‘sed Phase : period and
-m m- .’-: ‘.‘‘.n ‘:;omr iu r’.’ ; ’ .’ ,al m ’.’~ r an ermt m re year in cozo - onc!’.-:n wito con—

take an-i le r -u r a tmo n Iat.a, a t e ’ me r~~’.r.at m o o  of which of the
or ma :;’. -;no, ~om~ah t best be sampled durm:m q an’.- m ’.”n mont:: o f  toe

0 .1.0 :erm c-d - m-uL -I mo~’ made , TO-us for exa~ç Ic , mt ~ m -a nt be ‘?staz --
- a-h ’ . -- mba -.- m l I be more a~ r r  orn a t ely  j ne~I iurm nma wm:;! cm

-‘-
‘ :o ’ mrs , a:.,  b y  m-~,’t ‘. I mm ,- s :o- u I- i  m~’ -m a mr~- I.’ I tou r ‘. :o- : ‘t boo; seas - O mo om

- .‘o:m any - ‘mo o r e.asuremea-;’m !ecrrzo m~~ome , t::e .s.’ -f b ’ .- :lcomo.al enti ties
a - . a - r o i ’ :  - . r’.no toy ’. o,’s re-i~-um :0,; - . c r - mpo; I -U:; - a m”  too a’.”-- it ‘-ho mo re_ i-oc t moo n

a- a : ‘- . a~:t .~a I ta~ a - .n too m~ m e-u,ar~l ‘. m “‘;s,’nt . a • moat mor.m too rm n aa
‘a  a t o m  . ‘ . -‘  ‘. - m m mm; a o - moto r - l  I~:-I manner — Ot’ rm~-’s’: coal: I’~’ a t t a m n —
a’.. Ic an- : - on’ a- -1 ..ab I c : ‘ . :o : ’ a ‘ m a - :0 ,-s m  1 - -a ’ . oct 1 “ o-;te mad — s t a t e .
A .‘e-~~I- . —- ;to a’” :“ n m ’ .:” . ‘m m. ’ - am -,” or -: - . rae mo ’: a l  - , ‘ - r a~~sors ar.d

I m - ’ -
‘ ‘ m..a ’ : an or man ’ . .mr .s a :11 - - - .mn ’.’ :~ - ; ‘. ‘ i s ’

i’m; ’- ‘ .1.  ‘- hi ’ ~~ :om ’ -a - m m . :  a- :a:. ’.:-a-’o: . be i’:—.m ’m - ’- I a t ’~ou,ate ‘-mano f o r
a m nm ’ m c -a ’ ‘. -t o ‘ - a n L ’ . ’ ’ : m t  o - : 0 : ’ . ’ ’. m rs .‘-~~ ;e ‘‘ ‘.cw’ ocr - - 

, “

- :  ‘to ,a soa r - -- ,n.-I I” I:; a m ” mre as ’u red , “ a - v S ; a-’: - a - ;’:’. m ars - e,trbr ’
— ‘;s’ be -aaos er’ ,e l :-e m re a ’ ‘m ”m~~’t mn~u me.as-’.r’:ner.ts which
0 :-mI ’ . i t” :-es’~’- mr .ses ‘0 .0’ er.’.’ m r r,rp~ il r’oo ’ .’m: ns.

:‘- m a ci’m’: lmko ~. - . h,a ’: t- . ; r ’ . :oo t : r m . r o m b - m o  ,‘ m - t - m: on-- .ff’.-’..’n! tmme was
a ll owe i ‘a- a - 1 ’ . ram ’- m c i ’ , -cm I:’,’ Mv ’ m l  mom aoct ‘-- a - mo a :-ul.i , Ex.aminatmnr, - -‘f
- - 

~~~~ m m ‘. - I L t t ’:i t -o re on a-I l i t ’ .  -r. ‘- - - • h” ‘.:-,.tm cat m -mr - hat ‘-as! --r~~an—
, ;n..s - ,~er ,’~~~’o lo.’ t s !o r a ’ss e t (3ee~~~,’ o - ’ . - . n  ..) sm;-;oo st o ‘ o a t  arm - -i_is of

to I-i lct’:’m may be 000-:”Ss.’tr’.’ f’r — m o - - m m - I  -‘-:~~o.i l -~d - - ,mst ner,’s
‘.0 “ h I m .  ‘ a- arc:  I .ar.’e -t cv ‘ :.o - ‘a., f’r ’ :; m.a ~~ partment of F’. sIr -ant ame
fm -n ::r ac.’ ‘ ; F . ’- ~r 

- ‘- : b~-mr” .L- ’ 1 1’- B-a’.’ were f m m m d ‘-a ’-. :-a.c f ~i low’ .  :- -: to.:
• - arc: I a:; ’: , ‘- c ;t m II be ac ‘.nu j a! ‘. : oo oo” -a ’.”.- r’a.’t al s f :  -n he new

r’-n~ an ’.. (.Martimr an - I ~~‘ ct-ho:; , I ~‘A — ‘-m m - a ’: ‘h. n-ms mm. ’ b o; 0.ad net
a:; ‘ : 0 - m m  I m b r m ;~ w m  ‘- :0  ~ 0i: ‘.r env; a- onmmw ’ mo -af’ :a’r -a Ini- --. tm tar”.-’

-a-: ’:’ ; ‘.3 a clear iemnnstr-at’.cr, ‘ :; -
~ ‘m “a-c - no- - us - --‘a; :I-us ’.~~mos nm-uh !

be ta-awn froo rt. snor!-’-err -.!-m dm es .

Exanmo. atm or of ‘race elements m : o b’ .valve !msnrl e re r lm :a t ion  ta t,i shows

- m m c m  her -an - I c -‘ -ar m ~ m o n  a~~’nr~ ro p l m c a t e s :  m ach ‘.‘ , a r m , i ! ’ . oo r ,  ‘ . ko lv mm , ‘ moe
“c uI’ -r the mar~ce -tl ,’ I’. f f’r°n ’: ‘‘ lerv’a-o! ii hoar - Ie r .oo cn’wr ax io m ’ m a - a

:- m . - -a b’ .’a’ ; , “ton wmtn.ma - a smal l  local ~-op’i Ia t ’ . o r ,s ,

-‘a~t -  m . ; ’- ” ’:  ‘ -f the c-a r’ ’ l m r o a  Iesi -m ‘-‘, c oo-pa wi’ :o h i mO - ‘ -ia - m at ’ . -‘mr ,aTTE)nq
mo - tm’ .- ’ . t.al c c art be made -: 1- ,’ af’-”r -a ta-:’.amon or the reasr-in for samplmnq

‘a . ; ’- oruar,’.cns m m .‘s!abl’.srol . T~rois . ‘.f on l  - har. aes ‘.n m a r  -of
1 ;- oal p o r m a b a t m o n . wi th r ’o~ar 1 ‘m o ---ntarnm:mar.t burden are - -or-asidered

I mn~- - r ’- ahc~~, -ha ~ iOn ’0 mara r l ” and ‘~ rabmoe many individuals 20 to

- - -—---~~~- - .- - — -  . , - --— -~~~ _. -~ _ _ ~~~~~~~~~~~~ _-‘- -‘.~~~_ .___:___ _o— —~~~~- -- - - - - - - - - -



F _
~~~ 

- - — -~~~~~-~~~~~~~~~~

‘f the same s ize class) for eaLh re~-lmca te analysis. These
individual ;-~~‘led field repi m- - ates . after t issue preparation , could be
subsampled in the laborator’, to provide e rror e s t i m a t e s  f-or that portion

ir the measurement process. f , -n the  o ther hand , mnfo rma t io n regarding
wi’ch m mi population variance is sought , many small samples ( five pooled
m ndmvmdu als from the same s ize class) from within the populations of
moterest would be requ’.red• Analysis of individual organisms is

Im mi t ed by size and availabl e t issue for low—level laboratory detection ,
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3. E’.AL : AT: t0~

3. 1 :o tr - -i.tuct ion

The ta ta gathered 0 r  this stud ’0’ and ton.- .analvs’ .s - f  t m - ac data we re
l emm i ;ne I tj p rov ide  mna - e~~~~t’. or. t o  h e veboop  a l enc—t e rm monitoring

m - r ’ o ra n  f o r  .o az: Frctnc~~sco Bay. N~ attemp t wa s made to tollow
-;t’a. ’naI tre:oi~ ma - o r to -’ .anal r’Ze ‘he jata ‘. acr- :v’.Je a_ i I’.!’. onal • in—
too t h ‘ .n to - :rn.a t me:; oar b-as- ~‘mo s ~tems . TOt’ ma - ‘a -  - Lo ;c - - ‘.‘.‘.‘m -i f ‘ :;a s
,t tJ’ . -a.’ a-” to-i i t - Ia O’i S ‘boo o;.anç-I m m. - ; tes m -an , st.a~ m -ro b o  0 - -n

:o a r a . : ’:. ’ : m .  to :~~ test et , - .a :04-l’.n a ~e’::rc-tc ,, ‘~~~,t or ma.’rm ,n.m ; to m.~’ ;~ e~t ,
,.ar~ - l m : .-; m :o te r’.’tl s , aa o al : m o a b ‘m~ - t 0 r c-j : i , .‘_ :~t’,-;.- ’r ’ .~:_i to: ‘hi’ ; ao t y :j
of -.- a : ’. am b e ; mc ‘:o.’ fm ’ ’Ii. rooms t’’.’ct :ct ’ :m -:r 0 -- r r-.a’: m m; tea’. :0.0_i to-

a - ’,. r ’ ’ - ~ . too; ~ a ‘:m.o~e ma ’ ‘; ~‘.- ‘‘o :‘: m y’,:, a a:- ~~~~~~~~ ‘ m , o I it ’ ’: a t-; r ’’ am; :

a r - -n ‘-hi - .; ;’ mi’ .,

2 :‘.‘ a l o a t ’ .  mm ob A n - r a m - a t - n - ;

The ;.a:~~ 1 ‘.o.-.; he:,’. mm ; a: ; - : a: a; .a • - a :.; ‘,nu I - I - a - ’:;.’ ac m m  m a ’ . ’ m en of a.a ’: ~or
‘0 ,:n o , o. - ’ ’ -  .e I’. ~ om - ’: , , t  m- ’- ‘.~~m :’..a I .mmn - a a ’ :  ‘: an ’, ‘em; : r a , a a ; m ; n
.-an~ 1 ”- . a: ;‘r “‘,,‘ oo ’eaj mo o ~.‘:‘ 0 5. r’ ‘a l m a t  m o m ;  -of t a t  .a rc t t ’.m. - iso- -:
m a ~ r.’S*’’. ’ “ t :.’I --a -a ’ .  a ‘- .a m; .-.w ’ .  Se :.a:. ,s -an I m -

‘ bas” . m ; - -mo the : cm f m - a -  —

na:, - ‘o - m ’ o m c  “ : - z m ~ rw ’ 0’: m ‘0 ‘ or.’ a m “I

I Wa ”r - ‘l- u~v’. ?— oI:-ooI- ’r’.:oa’” t bi m: t o ” m o ’ . ; , ’P.~

The f m ” . I a: c - a r t ’ m - . m e ’  I f ’ r  ‘- 0;’’ - - I I - - ‘ m a o -o f ~,te r :-o I m acn ‘Pm;
f -m m: ‘0 ‘. -n ” I we I ‘ bo a - -- ~hm ’-a ’ : ‘ - 0 0 ”  s’- -i- tv a :. I a~a:; 0 a - ”’’ - m-.. ’ - m a:.’ . ca l
f t m I .ro . Th’: m :r — 1 mm; ’’ 1 wnw’ ‘-‘or; amo t ‘ a ‘‘- .m .’ r— : v.a 1 ‘es I oc.a~ c-I mr ‘- :;c

mm 1 m m . .’,; m “ r m ’- ’ ” h  r” - m a e r” a- z I ,a ’ - m~~r. -: ‘a,a er intake
• m o m -n an ‘‘ .a 0 0 0  ‘ or._’ o~ I - mn - ;ar ~ .er -

~ , r o  ~~~~~:‘‘ .:. ‘ mm I - a “ 1  ‘. am

“xa - . ’ r mrw ’ m o :i’a- f -rr~~h ‘~~~~.‘ ~~~~~~~~ il I o n  - ‘ ‘ . - n  -of he ter” .ca
I ‘ h a t  ‘-0.’ 11 - ‘a  a- i’- a’ c m  •5 - o”.. “ ‘ .0- ’ .’ :  -:r~~l - vol by A n_ icr- I  ‘ .nm

* 1  ‘‘m a,j:; ’~ ‘- m acca l , F - a -  ‘cmii ’s. ’ 0 r ’’I ‘.r’;:o .ar’c’ ~oser’,’.a!’ .-or.s , ‘ m a n s —
- or  1 ,~~~~ . o l a s s  - - ra’,; we ra ’ mc # ’ mI so ‘ c O o t !  mbsr-r’:at m - -:;s - f the

I ‘-ar” 0 :oan° 1 0 2 - a S  ~‘ a  I ma’ na-I.’ - mao -ta r .‘ -a a- ‘.0 ~m; ~~r.mti’’.crs f f I -“a and
- m m ;  ~‘r.deot c - a z - ’ m o - ;I .ato he ns’ . ’- “ - ‘ -a -a s ~ o- c.’r’.”-I ‘oo ,a t l - ’w ra tes

:or”r • .0-a n ~~~~ ‘—0 ram mom: ’- a’ ‘o r- ha- -h t - -cao ;: ; o to f- rraat m to ‘I ‘hi’ ‘~ lu cas - a n t
inn” I m oo : -f ‘:0” water -aa-’n I I r as ma l ’- . ~r. h er  - “ n t ’ .’- ‘. ini -o f !l -w less

tmo ,aro 4~ 
- ‘ m o m ’- ” , -ct arone I ‘ .a ;m f ‘- moe ~,a ’-cr ~‘,a mm -v - i t  - r : er ’ ,’orI; however,

- ‘a  a - a ’”s b”m; m ‘ ‘ran 3~ -‘.L. rai n- at e would r” :rmir” -ar .‘xoo ’ :s-mv~ amount
- f ‘-o ’ .o rw  f - a -  :,oa I I c - t m o n  , s m n :° sar-,-l a’c were ‘- I-” taken -lmtr ’ .n~ ‘m o re

an-or ’- t m lcal :-“rm .”--I of c -t -o c -af a’ r ebb , As -; ,aac~’ l i ng rr-’-:aede i ,
-ic- m: -i smm -ir , .ai ‘-mao - o r il’-: mm !r a c n t c  of pu~~ speed -an-I throttle -r’e r.ing we re
r ° ; a m r ~ - i. “r’ .S wo:i l 1 ‘-: ‘~~r as the f - -an n i a m a s  be~~&n ‘- - - f i l l  with

~- r ’-- m c;m l - a t eom . r. no  m ns t,ance h_ i ‘-mo ms prevent either the ma intenance

‘ f m;’ c~’ a  f ’ . ” - h I ‘-a s ‘r ‘- or e m a  ,ancc o f the f low ‘0hr- ’u-ar. Lc-th -o f  the
-a rr I r s.
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3 , 2 , 2 Sus~ .’m;ded Part icu late PC’BS

TIre a ll -; toa ’ .mr less stee l and ~;iass apparatus used for tone nojiection of
water - ‘ unj; PC’Bs (:;ect mon 5.1 .1) was specm ally developed for obtain—

m m o - a  t :oe~;.’ sa~~~Ies , The ad ’,’aa’atao ~ s of to m;.’ :meoat m ’ .’e ;- ressrm re system
a Z ~‘

I) Since ‘-a;.’ water sample .oontacted only prewashed metal and
:lamm s , “n o possibil’.ty of ~ct~~m le oontam1nat~ mon by syntnetmc
tubing anm t pu~~m ~m art s was acmn m mal; in_ i

I w ra te em~m I- -’.ot I or to me - o-ilje- :to mon o f  w ate r  ooi’uwa
• root, 0 Ii.’me:ot;; ( 1 - 2 m’ - ;ec - ’n i)  - u 1_i be mat ohOd by the
mr. ’-.;at ~ve : - res -i;:re s ’, s r e o c  f - a ‘c oot, 0 0 1  I c c !  ,-cr ; - I wa ter
c - I-inn P C B S .

moo ’ ’’, mm: 2., m t i omo 5.1,4 , ‘cm,..’ ,tL>-ve ‘ : I w :-atoc a l b - -,.’.’-i ar. unbiased
0:0 ..“ m - n  a a .ar ’ m,~~cs  ‘.~ 

‘- - ~ m) a c i c a- or os ‘.0

a; -f ;e ’ :’mImo~ ;‘car t ’ . nb,at.’s — ~,o~~~~o a c  Sedime nt

- to ; I - ; ‘ .a ’.mr l’ o . s  s’ : “.‘I -:cor”s “n r i - ”,”- h f - -m r ‘- he resaooe ctm - .’.’ - o - I lec—
- mo m, -f st’” ’l ’ .:; ; a -ar ’, . a ’ - ’ ~~~-; tao - I ‘ca -c ” ‘l ’c ’ -!m e o t m ;  ire Ie:;-r’ .be_i

ion 5.  I - TO.’ —.i - r a — t ’ .’ -t m o ’ a -a ” - O .. ana m: c - :  w it h  ‘:m n,’.’se nor ‘.rc
0 ;  ‘-Orat ‘ 00° :;.’.’ 1 0 r  m. r” o -~~ 1 :- a t e - I .a toe rr. ,atm ’.’.’ means

-; - - ‘.b,a hm ’.’ers m a ’ ~ . .acmna tood . TOG’ --lesion and - -~ nr~-’sition 0! the
- m oo a -ap; .a ri ’0 .5 (tOni ’: m m ; • ‘bO , ’ as e - f  ; r”w,asn.’ cI ~°‘

,‘C re -and oheek—

- ‘ a b c ”  f r -  ;,aa- Ie ‘Il” - ot : -m ;s f-’r ‘r a o e elcme r.ts) nm nm mcm:cl  ‘- moe poss i—
I’.’c o f  ,arm ~~ l’.’ - ‘:r’aru natm ) r. . t~ mwe ’,’a’r , -ri’ tisadvantage of  t h m s

1.’’.’’ . -a’  -; ‘cmos’ ‘-he -e’ h’ .r ’wmo ’ ( - r  mma r ‘. 1- c - ‘ . 1’: -m )  f’-.’r s ma- ~--e-t from the
mo r ” : ;  l a r  m m; a a- “- -~-.“r’. an- .h r ”~ - : ’ . r e t  repeate I ,at to e rn !:; -it sas ’çl e

‘0 n . Also , ‘.‘ ‘a-a s I ’ .ff m - :1’ ‘.o . ‘\ca ’. m.a’ :. m f ’ omot ’ -.‘ 1- :~ e -o f  sedi—
-‘-w’or ’ tom I to I m ar a cart m I .a ’-os - I I  .om ’- i’_i  was coo ‘ma aO to lmro ;urn accurate
I ab ’ra --’r’.’ a naI - .- - m ;  tro t -~ i~~.- s1t ’ .or. ~i-w.”.’er , mh ’ .fm o ct! ’ .on —f t ore
- oo .o - -’.— ’ .’ a , ”-’ ‘ c -c -” r :~~r° h ’ .merm s ’ . -ars ~~~~~~ a~~~ c\ ~m a ! e ‘ - h i .; : - r - - b le m.

0~~m;;.~r ;’ .~~~. f T”s’ r oa,-aarmsra.c t rod Ar tmf m o ’ ..ai Substrate

TO” m oo c’ ~ , b ,a ’cm to - I ar I a-c ’- r ‘.c’.’ma l nOt :o-~lc  -mse d f — m r tea t  o rc~ani ants
a:; ’, a’:’ ,ach e— i m ’ m , a r - f a u n a  are descr ibed mao .~f’m o t ’ . - - i n  5 . l .1~~. Oeneral ly ,
‘0;.’ ‘- °c”  ‘rra arai ;n suspens’. o r. syc t~’m re r f-or ~~ l sat is fac tori l y .  Mo
;aam~o 1”c w e ra ’  I ‘q’0 lur ing t loa st mj dv , but minor problems wi th line
f- - al m m - a o-: :as’. ‘na Il-,’ - ‘courred. The mesh size of the baas (1 nma) may
may been too f’.mr” as s edm me r .t and a lca ae began ‘- .o :1o~ ‘0he bacs . For
I’r-m -a- ’arra m-~o r . m t o rmno , a larce r mesh size should be employed .
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\“-‘ r o r ~~-J m :;~: o t t ~~!:‘. a i o ’ .  orc s may ‘..~c 1m m 1mc~~,rt ant f ac to r ,  This can
:~~ mcm: ;’.acic.’~ ~ v u smm ; a a l at te r bag . ~o o t I m t m c t o  ‘c~~ u m ;ma ’ .~ .i ljrie r ‘.,mce

m a  a . t oot’ r.osm , Ir~ol.t m..m: ‘.:ra, t~~~:; acm .;roto be suspended cam - i m z :ntall-’ ‘.mo
‘-c wa te r — ‘I uran . 10; ‘::;ms a~anr;er , .00.’ - ;  a.ar;’.m,ms s- uI _ i not 1:.’ -on too~o
-f 0” -tn. -to;er .

Sm: ; cc am% t .‘ a I.’;- .o .a~~.I to m tab oem .; nt r .ma;;o.’:, ‘ l ’ .t Ier’•nt
- mm ; -: -,m t eS , ‘ c : a. c • acm 3:;; be gum, ; . ‘ r o - I , ’ I Cm0:u3 . t ’ .s ta nces  f r -mo n the

.‘.r a a - ’- mca !:-.er t Oni:m at mm’ ’. I— act ‘.0. :~.m r m m.u -~--ma-ice r ncnths , the .‘a’ :cr
:-o I ,m~ . ‘.oi ‘ c ;  ‘.:.tI I- .- -; ‘m a- .i ’ ‘.1 m c I  ‘.n’ ;.’’.”ra l m .- a ‘ . .mcr. t a  I . j -c” r-  B’,’
na~~o .’ ~~‘ . :m . : .  a • .~~

- ,
.‘~~.‘: - x : .ao om ,ac m , at  ‘‘ :om.a I . :;;t am . -‘s Ia- m n ‘:;‘.~ 

- - .rface
‘-0;.’ ‘‘ ‘ “a ‘ of — a t-’ : - ‘xi ‘ :,e t ‘ o ‘mom ’ -  or-a-ia .: ,rmn a’. II be a~ a- .’ St a : .m n - a r t —

-‘al l ma a ‘o , m m a I -;- m . ‘ a a ’:’’ h’ ‘. on 5. 1 - I i )  a a- os . w. ’ a- ‘‘ a ’ - c m ’ce a - o -.I , a It
- : , , o .,~_ .m m~ ’ :  a ‘‘,a s.a -;.‘ a m - : o m o m  a - , TI;’. ~ o.a’-a,caue may a-sc :,‘;J’,’°’ i _i ,aL b e

as a- .a -; t a” l o a n ”  t m - I - - jam ’” ‘ ‘0 -Ia~~~oe L’c float’.. em -t om , ex treaa~
• _ Ia , -ur:” : . , o- . .mmm ~ a - ‘: a - :.a’.nm ;’: ‘ mo ’ : - ’ . ._’’. : ‘ . I : m ; - a ’ ; , TI;,, ; r-o b, ’mn - ‘f
I aa”.t-:.., a t:; :-~ ‘- ‘ . r ’ . n .maa ’  1 m m - .- ‘ :.e mm ’ , ’  at .‘xt a- -a , t m ~,-_ , ma ’.o,t,; I I’m-I am ~ a

me: . . ‘‘o;:-. ’ -  ‘. a l  0 - a- 1 - o .  a — ’ -  a -a ac ot t—m o m ‘ - a - m o o - : ,  TIm, ’ m ;.’ o: f I nat mm ; ;

a - i  05 3  -a- - - ; .  I :‘- 0 .-:” mre ’ - a m. .-s - ‘ :  I moo . ’  to - m l  .0;-: , lmi r’.i-;,’ caoase i moo
:0:1 a :’ a :0. .‘r . ’ ’m . ” m e a- , a: . - t — ‘ I ‘,e.’ ; ‘- O. . ’  ; mm o~~ ‘Paom C a - a- -oia. a- -,rrs -a set.
a m - ‘- to m .‘ ac m . ” as ’ “a- ..

),.5 ~~m..~~ -~~’- -r’.- O r ” - m s ’ . - n  aro i 0 iOt~~ ,’, ______

to’ ’a- “a -m- ’ - n  .‘ to a: ;t b -cmo ’ . .; :.‘: f- ’ a--med hoa r ’ . : ; : ‘ m o m s  ; - - - - c - ’- , ‘1;.’ : r l b e c t m m o - r .—
a m - a b v c m . ;  ~m r -  “- h .r” — t o .  r.’ m - l m . - a t e t  -:0 :. ’, Tb - ; : , , f o t - a’xa.~~I’, , I-rin g tore
f o r - ; ’ . an: 1 m m ; : ‘ o f ’  r ’ a~ ‘-ta r” l a b  i;; , ‘--a- - - ; i•- I ’ .mm ’~’ro t - - : “  s were collio ctocu
a : -  I .ma “r a n t ,  :.‘“ . r~-i’ t be a ‘.V~~i fr on’. ‘ .‘;“ -;“ a”~- 1 ‘. - a t  ‘ h  “ fl - r ’- are

,:r ~a’- ’ :-n 
‘
, ‘o~t mI~’~; ‘ —i ‘h r - m a o ;

‘mr - f  in-~~: a - . o - ’ .  no ‘.s mmma — :;t I ’. If m - o o a b t  a j a - li the l ’ .mc ’ . ’ : e - i
a a’: a m 1 a:- ‘ ‘ , 0 X0r’J,0O ml~ m or, o f ‘cmo:o; Ii ’ :,i r”’ :.’als ‘-:..a’: for 0 -ne ;snn-I”s ,

“ Om ’ - ‘ a r ’ .  a:; a’ in a o l :  t ’ : C  tn ,~ .l - : o m e q  w as -,a ,as - ; r -a ’ - I . ,  . 0m, ’ r ” . tS  ta’a Iron - ‘ -

- ao ~~~. “- ; - ‘. ia- , ” I cm ter-abl . T b o ’ . s  ‘m-S”r’.’ma ’ a- -’;; m m ;  al. ; - • a-m ae f o r ‘-he

~~~~~~~ ‘-‘ .“o—’.’mo meaov’ . r”  I a -n I i f f ” r ’ o o o ’ ‘ -- cm a’s  -
~~ o ,a n r b es ,  0 — a -  “x an -Ie ,

‘- mo e - - - a f f ’ . o ’ . ” o’ - f  “ t r o t ’ : ’ .  n a— a -  mar ~~,’ooI - :  rior -~a ’-t f r a  0.-) fnr ‘che sma ’iI est
o ar!’.cl.’ S’..e .n .mm o; aao b a  : ar ’- ’.- i. .i ’ :’-y-; ir, I ‘-no water :ob macc. , t o -’

‘.:o .’~’ ’ - I .-’oa m a r ’ -- ‘ .1 at”,;. m:; e ‘ - m o e car’.’ o n r-am~ nt w~ s - a ~ e-I ‘m a
—.- ‘i ’ m a - ” aa - cen m -

‘ 
r’o-;,- a r l los m ; of - ;aacpl” tyr-” , ‘- or’ tmff ’or-nnce moo too.’ values

-f :— .‘ffm - m ” ’ o ’ -f ‘,ar ;.a’ :m’.,n ransto be I,a r - mebo ’ ma result o f  one or ~~ re -f
‘ mo ” f — l b  -a mo ’. a sources: 11 )  nrer.ar.- a m m  -or —o f samples r- rmc- r ‘mm , ,a raalo ’ sm s ,
( 2 )  ‘- or ’ ;-ar !- l” - ‘-- I bec !’ .’ r ,, ( 3 )  ‘- r,ar.sa--’-r ’o .at ’ .- ’n ‘-Pct -a m 4u0 , -r (40 van s —

0 ’- ’:’ i ra—ri r”~o l m  : a ~~e sa m p les. The lata ‘.5 mr r’t adequate too determine
‘- Ire -c-ar ’. ~‘m i trv’-:oo!m of var’.-a’m mo ’r . o--ootrjbut .”t ho ‘-he ‘.ndmva_ iual sources.
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TI:.’ m e c_ian; exp . t m ;_ a ’ :  a- car ‘.‘ma r t a t ’ .  -a : m I l u s t rated b’. t o me • a
a :  : . “ mn m ..m , ~.as too exemp lify t OOt ’ : a - -n bco ’~. .as~~m~-’ ..a0 .‘ I -a ’.’::; ‘m;&’

rem I: - .a ’:t’ 1.a .a . ‘a-mt,ti: oed a - m r t a o o s  j ’ .  lot  mom ma_ i’,- . Sm a”.ilar ‘ , m a t . ’ a • ‘aces oI
amm o :;;.’ a. ’: ” - ,et’:o m m ;  ‘ b C  re~~~mn:nq tor~~c.’ ebm ~ a ,o s ar; 1 0 0;,mi i L’~ I

- a ’ a’ -;,aaoo~- be 1_a t _a -

It’ or t • : - a ’: a m’~ - a-” b~ ‘ .a a- i t ’- l  ‘. move m, t - ;at m no - to a “o: I m : .t ’m .aa ;.a ,e s

‘ .5 a t m  a ma: ; tc.1 pri m a ‘ ‘ - ‘r~ a- : :  a ‘ha, I.- : o u— t t ’ r-ro aoa. :: ;’ . t- o r i ng  or - - m a - m a n.
TO., a “ a - a - ”  , . a ..’ :o~t a: m lot -;t a_ i~, m m .  a-.’; - amarw:r_ it’~j  , Thc It’ ’: -a a- s a ‘ : m m ,

a a . - - ,.‘ I ..tm0~ I a- :. a -a’ : 1’. a r e  .i s t’ .I a - a ;  let mat I moo AH_ r ’ a -  t: x 0’ .

A:. - t o..’ ’. a - ,;~ ’-: a-” a m m a - m o ; - ;  _ ol - - ; e “x.aa’:oa-a;_at m a .  ‘.s ‘moo e r (’T-a---,2u
~- ’ . i m ’ . 1 t ,’ of

- - -aacr I - - - a a a ; - t  I .ax~ 
- ra ’c .-r r- ma” ’ or~~.t m ; , The a a ’ ’ ’ l ’ .a ’,q a r ’ m - :1 ,a . ‘s we a-”

I ho’ a - - a- ‘. - - a _ i c  ‘c ‘..me - to mox o 5 . - , - - • m n - :  ‘ c m ; : ; ;  ‘ ‘  0 ;  -~~

‘he r” -at-i 0”O a - .- , ‘. ‘ m t~be  oon’ : a - - ’  I a - a ;  ‘bra, m acr’ - ac ’ m -- I  ‘ m m,-  -o r’ ’  a; ‘-

tom I ‘ 0 ..’ Ic ar’’.’ - a ao mm .a ’: ‘. -a: or ore - .e~1’. ac.’:rt s-ma! a, a- arm; - I ’m I-ma : ‘. n~a to ran s—

a- i’ a- ’  ‘ - ‘-he I .tb,-o r ~a t - ‘r v . moab ; •m - II v , ‘ bOe - at a - - i  a;- :” a- t . bat ’ - - - r” ’ .a m’~~.a~-’:
‘m o e .,‘ 1 ’ . m~~’a ot - t u a ’ . m .  a co~ I.’ - m to :0” 1 ‘ - m m . ’  m ’ a - z a ’  - ,.aami I ’ m a am m ’:ma m -or. :. i-mar m: ;’a

a a:; • - r ‘ - ‘:b;t’ m’a — a- ’’ a - a -  - asato ’. It ’-- : ‘ - m o a t  ,“ ‘ ‘- 1’ .:; .:  o a r ’- m - .mI _ a ; “ ma am l b  : ‘‘ oat’
a - ” - c ,- - ; m ‘‘ ‘ 1”:. - 00 ’ ,”’ ! -;‘‘ , ,  a - ’ -;, - a-::’ a t o m  or a.’’’ l”-I l .a :’ . ul, atoo-;
OC m a  a ‘‘ I , ‘ m;~’ or -; or a o • 00a ’ - ;  on, a ‘ ‘ mm he I - a : • - - a I .a ‘ •‘s ta.. - .- h,a v’’ — m ama ’ — o

- c i ’ ’ ‘ , a -’ . ‘a- ‘ - 00” mm m o o -a - ‘ .‘- t ’ . - r c  ‘— . I .  -~ ‘ .00 • bo.’ I -a;’ r a t  -‘ a- -,- - 5.0; - - m~ a
• 0; : 3 ~~~~~~ 0 - ”’, :s ’ - a - o r’ 1 mo o ‘00” I- - n-:— ’ ‘‘a- n — a - a . ’ . ’ - a - m a m m a  : V - - ,’ - t . 0 - ‘ .5

- - ora.,n.I.’ I ‘-o;.t’ • ow’ .—m; ,“ cd I ’ ’- ’ ‘ . ,. : ;  :~~‘ ~‘- t or - a .ar 1:: ,-- ’, a- ar m - a l ’ ’’: m o a t  m 0:t’
m ..’. 1, a oo t ‘ om e - - r” -; .ta mç l .’ o ~ m , .~ .- a m  ‘-- — Ia -  .m’ ’or ’ . o m ’ r - w ’ : . . a e v  a t er

aol I’ • .on . T O : . ; ;.“.~ a mb I m ” m n ’ . m m m ’ . Z e  ; - m - ,a “ mom.  m o o r  ‘ a -  -‘‘ ‘‘:1’.: a - ‘ :ot’ s,a ,~ - ‘Q ,

‘,r. I ‘ ::er “ a ’ : ”  ‘ 0 ”  a- ”- , ;‘. ‘- ‘a a: I I —a a- “ ‘ : n _  a ’ ’ :  a ’ - ’e : - ’ ’ o . e to ’ m.t I a me a I

m m : ; : .‘‘o lot c a m  — a- a - a ’- .’r f — r ‘- a- - i - ’- •‘ ,‘‘re n ‘ a ::- ’. (- - 0 ’  a : .a , ’,’-; ’. :.
:0.. ” ’” 1 . - ‘ . m . ; a m - e r ’ . st . i .’ m c  c ’ m~~ - ’ . ’ . -o ;- - - c ’ ”ot ( (c - - ’ -  m m ;  5. ..4 . am.  1 5 . 1 . 5 ) .
A ‘ - ‘ a l - t o  f — m a -  b 4 — : m ’”r - a r t - - - v- ; ar’:” f ’....’ ’. w i ’ m ;  -a ,t t ,- :  : ‘ ‘a’ - .ara ~ -- ,’c
to - a  • a- .a a’ el”ne;ot a: ; .a i c - ’ m s , in_ i ‘ ‘a, - - a - 0  .an a , . - - . ’ .s . A l l
- ir a-’-:’ ; were a ’ . I b o - l  a ‘ . ‘ o ’ . m -. the -;,aa-’w’ — m ’ m ’ . .- ;‘c m ;; ’.’r’.’ a l s .  was

0- -:’’ a-’.” I ‘ 0 -a’ -.‘: - ; m b .  -, ‘. m t o f ’ ’ a’’ : -, ‘- -ata — mm ’ . ’ ‘a of -;‘‘-h a- ra- m oO we a- ,’ - or’ — a’ - -. e~t moo
mo e - a a 1 - -- : ; . - mo m’a,ark’ ,- I ,‘ m ; - .a.a • I’. f “r”r, -“c -; oa ~.’c.’ c ~~~~~ II -. - a -

m;e’- ’a- - :000 m ~~~~ mat mbw -a,-a ’:”r :r’ Ioa~ua iao~I ‘ : . “ a - a ’ f a- ” ’ m o a  -

a ” c i ’ .  a ’- ’. no aai&v ;~~ ‘ mo” “cc-ar’.’ ‘- .a- ~m h ’ . e ’.’a’ Ia’0a w i ’ m m  -ahmCh caL m ’ I “
- .‘ o” ’- ” ’” h.

0 , 3  S a ’- ’ . - -n O.o,-.~~t ’ . - -rm Ea’-t b .,a ’:a-on

“ a ’ a- -0- i a ’ros a ssoc ia ted  w t ’ - m o  cançolioo a Far’.nm: ‘mrmi m l  c m  I~ot  study at ‘mor e
‘ m o m-” ;-a r~~~’.n-: c ’ . t e s  are I’. , c :m - asced b’e i -w ,  Fr—o r, t b-’.’.s t ;smoo ac ~~’.,mo rr , O t t —
‘ i ’n a e - ’ - ‘ t o o  - a - m ’ : n r : a  bra’c~ been -mieveloped .
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As pre sera ’ m - .I 0:; -ec ’ :a - Oro 5 , •hx- .’.’ acm lm t .a ry  o;,aa-ba ’r facilm ’ :es were a-re—
mm. ’Ie’teJ a;: the sa mpli:na o t t e s  Mar.’ Island , ~- ‘rt mJh ’ .,-ma~ o, -itt_ i

Ta “maa’ure I I .jzo_i. The Ta-t’asuz e : ~, -aaa ,i ‘, : ‘ : m ’  was  c a - ,e-,cao ,as an ~t b to e  rn_ a—
to m y., I - - - ,ato a- -or, Imat ’ to pr-oblean.s earc , - uvm ’e red at & e rk e je ’m ’ Pme r , t :;e ri q—
a - n _ a l me:; ’ .a I ‘.0.a ’ .’ - -_ a  om 1.: on:

The ~ercele’: Pa-er ‘.s ac -cs-;’.: It’ tu the ‘mL.- l  a - c .4  Oomoooar s .a Is’,’ . At
Ma re : I .u-o _i sod Port JIm a- cmt~~o • m oe a-.’’ a- a- ._‘ ‘c- - a I 1 a - m a c s  I or ‘ are -.

m oo ct’ ma m ;_ i ,ar ’ : m a - c a - ,sl subs! ma t ” a-- ac~, m, -ac re m;.’ ”.mrc- I  to to he mm ’ . . ’  a- .ta;~1 —

1’ : - a- ‘ roe I ’ . m a t  a- - a; - - to - .aaa~ . bm a r : p r o a r  -arm . la o a:: a to to ‘or-na

av ‘.~I o’i:o_I.aI’.s~n ar ‘.0’’’,~’ am ,a -,’.s a ’ :  ‘ 0 ; ’.’ 0’.’a--:’-ber’ 0:’-: , ‘00.’ : t ,o~o ;, ‘aca-.-
m a t  ‘:.t~- .’ot’- t ‘- - t m ; c- — m , -n - a ‘ :oo~ p a - e r  -t.: .O m , m a m L  Ii’ or; b y . .m;t’ I , (I ‘aever

- a:  ‘:‘~~~‘ sem i: .at,~ - - - o_ as m , mr,n , - ;oasa -oto or_ ie t a a c ’ .ma - O m:’ .’,’aI’:cs I I.a c to - l Ocr
a:; I m ama.at a- - - mo o r:. - a - ‘.0- m; a~~ o I , : ;- ; , a” a-c 1 oito Iut’ ’ mo -.’.a:o_i.a I m oc’:. Tb: is
I’’ I_ aye_ i  the ,cto;,. Io ’ . I ’ mc l  -; ,ar~o l 0m m ; a-:’,’ - ; em vc ra l  wee .c ma . I:; . ,_ imI _ ’ a - - n  , ‘-he -.ao-,to
a I a c” , m,t ’ I ‘.o cc:, II t o .  ‘ ‘- moe ,;asr .‘amaI ’ ; I a - m m v.a 1 ‘.“,c maaod mar to a- ‘. : a -al ;‘...o, t a - _ a t e  

, te~-,’ar te r,to ‘To a”.at moe mo an_ i b,ao’ :-o-,-tm ‘o tono, , A - . “0; - :untoe re_i. tom e
—‘‘ato:;.’ a a.’;-l :..a’: :,- r:_ i ’.t ‘. ‘a ;-; am~~’.’ be m,’ osmato  :; r . a c O  a-’.- f  r :01 ,e:ta-nc ‘::e

.o .Oa ~a~ 0o~bt _~_i a ac.’... , - - ‘(‘ to  a’ : to ::am ;.aaaw ~ m a-ito . :i’ sat ’. ;0 ac ’ :  o r - .’ f - c r  w a t e r  aro~:
me I ‘.ra~’m- .’ - — I It’ m t a- or; a- - or’. ‘ m o , ’ : : ” a- -

ia - mO m .’ ‘ -mo e  ;ar -çla -o-m -: ~~~~~~ - a ;, ‘iro~~— - m - - n  mo o - a. ,: ; ! • ,‘. w~ s f e b , ,  ‘: naom a f t e r
mevera - wee ’. -i ’ I.’ I a’: I-;.’ ‘:., ‘,‘,ia;-ha I’. era , mar.-: ‘-he rm r .m,xolems assoca - ,a ’meaI with

‘1 Ic- mt coo ‘f ‘n’ ’ -;o:sv-.’o;.Ie-l m’ .a~:~~oa m;’ .’ ’,’.’ m , ca ’ I , a;: a ‘:camn,st ‘. ore en’ a - _ a l ~ay
;_a .—~~

- : • m o m  m t o e  ;m. ,- :  I_ i :~ o f - ’ ma : .-I - The I .acc --1 s~amp l a - m o : ;m r-ow bert_a at ‘cor e
I a- -a r ”’ a -oos to _ a — - .a ’ - ;r. s .-m a— r es t  e l  0a-.’.ao; ’cmr.’ : ma I .i:o as • ore a a ter ra -at ‘.r’e

I Sn.: ; a - ”o  -

A a-’— -i-; ’.O- 1.’ 0-0 I I  ‘.‘ -a r.’: -“ma a- -“ ~or”:; -ca rt;- . m m - . : a- or’. r a - •’ a- , ‘a a-’’ m’:~m-. 
-

ir. I m o ” a r : ’ ’ ,’ ’.’om; -;r’ t ora f to’:: - T O ’ .o ; - --:1 I be a :m- -’cTo O’mal -;

‘I ‘ a -ma,—.’ amw’t ,’ a b am ; a (‘ - ‘Ii : 0 0 0 o at  ‘rn .atom:; q mo m :0 moo the
I.’’: ;‘‘o m ,a , - ‘ -  ‘. — or 4 , 3) 1;’.” a - t ’ ’ ; ; m ; ; .’ mom; ’ . :O oa f  :;c-I a- amar r.to Sr..’, - oct  to . a-no

c-a r ’- a- - a lit”:; a-r.’ a a- - - ; ” ‘..“r w ,acm . , ‘ xn,a’a: ; to I’. - ; - -00 0’ar oon ‘. ct - ‘- Ote ‘ama ’ ‘or
:m: I m a-ar; , ta o I : - ‘ . ; ca -b I’.’ f- a.’ I , ;m II .a- ” - At Mar” 1 1 ar,d , -t Icc m ruao: Os’. cored
a- :eror” -a~zer  w~s amv-,em re-~ a t ‘-:‘.e -ca mp I m oo - : 00 0. ,’r f— a - ‘-‘-a.’ ‘aorta-mo o loar,at m o o ol
• ore ; ‘ a-h ’: a ho a r  mn :  • 0:a’ f ’ .rs t ~4— hc-ar  sar~~lm n- : e l f  -a- ’m , too.’ -Th ” s t ea -
- o a r  Ia - mo m; a_ am , :on~Iuct ‘.n rr ‘,r’a’I’:a-ai~ ~m’erat a no;; m n ’o-.e a- n~nedi.atr’ ; - a - ’ x m r a o x t ”

f ~~;e -; .arg’ I m ra i sm ’.’. Th is rs~rma to ’ . o r ,  ‘ata ’.’ mo ma vi— 0; a1 an ‘ o f f n ’ -’ ao -at m - -oar.
o ra’o f ‘-ore p-ar .a ar-~o!t.’rs -;.ar - I” -t , o f;  a’ -a - a l I- .’ ;- .m m ; :’r’ romle b par ’-’. -maI .atn s
A’ F r ’ -  ‘bo a- ca—a -c , ‘- .m ,’b’-,atom ; ‘a~’::b I — - ‘ - a : m ’ o o a I b o ’  -‘o; ’- ’’ r -ahm ~ 1° -t v” ‘ohe
m-aearby na -er. Ar Tr ” -asure 1 -a land , a :- - m t . o r t i , a  0 ;‘- mar mm o of bottom sedi—
orn ’m ?CB ‘ o-a I  I be ‘- Ooc ’ rr ’s-aI 1 a I .a r -e  eler: ’ :r :cal  transforme r that
f’a k l toh ,r oaci’m ‘a-he a - - a - e r  a- n I~~

’ ‘ . It was removed f:’.’c~ years later a - or
Sma:n tr .ar ,sfor-ra~~r s ‘,‘c’.:alIv ha’cC considerable ami,lnts -‘f -c m l  in them .

mbam~~r~ ed -.,bs ’m”icta -ons -a ‘-he ‘m easure Island pier prevented sediment
: o b b c m m t o a - : a ;  f r — F’  ‘- mae a-r~~ diate area of water colun~’a arid t es t  oroanism

a o b b a ’ ” - m mr. ; . te - ; .

- _
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rht-v .’ ’a’- a-c , :m-~~~ev.’a-, a-aa ’-mm r advant_ aaes f ront s_asaplinq — o f  the se p i e r s .
Sm:;.:.’ ‘0.-se ;-a - t ’ rmm ~ ‘ae restra- - m ’:e~t areas , ‘he suspended racks of test
-a ;,ar, a- m, moo:, and ar ’oa - f a - :a - , ab subs t ra t e  rema~ned an;hasturbe d during t he

I ‘ .m ; a m :;ter’.’al . Samp i a-no - u b 1  o~-cur a-n n e a rb y a:-.’,’ ‘‘c-ne of weather ,
l.a ,r na- -m;nt . There ‘a—a s e:mcu-arr space oa r ; these a m.’r’~~m ,- - ’ .’;,at all

1 .or--; “- -~ua-;- r~~o r t  I be set up - on 1 — c_ at a - - o aa c a - a - c a -  too t tooe m mml lect a-or;
f - a m a t o e r .  I:; ‘ m o m s  a :::;’or , ill ‘._arrçmlin q -,cc’urred in ‘0;.’ ‘.:-umr to.’st ti~T~

:-~- :; ma a- b It ’ . &a ’ . ’ m m ‘ .‘o , ’ ”  x e :  to m - :. a-he ;ma~~-t’am_ ie_ i ; -ar ’ m - u i _ a t e s  - co b lect a-on
0 a- 0 . - ; ! ’ ’ to;. ’ ‘ ,s a , xt ’  I ;ma’~ a- mn r a - ma! . ’  tao I ‘ or.~ re— nm ’ . a ’’ m a-it’ to- -

ce ll ’’ ‘ 4 ~~~~~~ t - a . a t o e a  , - o l I e c t o ’ . -  ao f - a l l  a , ’
- - a to a - m o e  . .am— I’.:;,: t . -

~ m~~ Ic-m s ‘- 0;,a.’o -n ’m O-tcu r

;- r”’.’ a - n m : ;  1 ’ . ; - - nas’ .  ma-t o, : . m a  L- ,’’ rTa_’j a : . : , - - ’ O t t ’ ’ ’, -a; ’ . a m b ’ . m . .’ , p ’moa s
-t’ o o€ ’ a- .a , nst ’ r:j t m r-mo , mao_a.’ ,” hoa r a- :;- : m cI 1.’ -’: a - - -a ;s , st_at m ‘a; s’ Ie~ot a-on

‘‘‘a 0 - a mo _ to’ ,. :5!,’ :; he’.’,’ 1 -re I . “ ., cc - a- a a - e r ’ . .a “n”’’r: a- a’ t -a; ‘- bo,
“It, ‘ ,;m; a ‘ :;c ‘a ,‘- a - a ‘. - t r m ; , , m .  a -

‘ , ‘ “ a - c  • 0,c ‘ a “ oto -..at .‘a- ~~ss ‘- -0

o •‘ - ;  ir’o~ ,‘‘- - a ‘ot . m - .’e a m -a . ’  — - -‘ ‘‘a ,

a l l  w a - m o - : , a- .t cf mar a- ’ .’ a - a - m a ama__a-: a ~‘ - aTom . I.’ a ,‘_i -; t a- o r_ a I •

a ” a . a - . a . ’  ‘ mo ma ’: - o. ’ - - m n  ~.a a r - ç - I m m ; a s i’ ’ “at’. ‘ x m - , w;o ’. to’. -~,tt a - s I . .’-; m a l l  the
I a- ; ‘- “ - m ; . ’ .  I.’ a - ma t  a - m a n s .  T’o” a-” to — a - .’, ‘ :. “ a ’ ’ ’ .  a ’ a - ye m ao’.; ~ - t o  .an-~~’ - - to •‘.acIo
- - :- - , .  r a m  a ’ .- -:0 ma ’.-;~~’- I.’ -: .“wf ’ I a - : . o ” - ,;-,’ - ’ O ’ o , c  v”riII am .aI —: f the
pa- ‘° ‘‘ - 

‘
“ a ma m a - . “‘ a a -h ’’ - a f- a ‘ ; -,‘‘- -a,’t’o, . m e  I - .a’ ‘. r. a a o I e - - ; ’, ’ .  L I t ’

pa  a- - I  “ ‘a’ :, mo::.’ r.’o;’ I-.- as s- - - m a ’ e I a m  • 0; ‘- -a;:; a-’:,’ , - _ a t  m a; a’. I I mos t
I a-k.’ I -

,‘ 0: _ a ’.” ‘ be —as Ic

3. ~~ . 1 ~‘. ‘n~ - “ I a ’cm a- -ma r a - t o ” r ’ . , a

I. - .~tr l a - m m_ m l.a ’ - l o - ” — L ~~ rs .  Al’ h~o : ; c m  a m ‘.r’.Io~ a - o f  ‘c c ;  0 .0 ’ .  m a b  a r_ i
- ;‘., m o m h m f f ’ .  al’ .’’ . ir a ’ ; - a ” s o o r ’  “-I I-- ,- ‘-0 ..’ .s.’ - f : ‘.“r ;‘.‘: t’s f r

‘~~~m O • ’- . a - a - : . a ;-r - “  -~~ -; -I - 0 O a - S  ‘-‘,‘Oo , ;- ie r s ’ . ’ i’ loot ’: o r ,’; are a-” corru,w,;ded
A ;‘ - o a s m b ’ i . -  alt ”rn mat o m ’ .~ ‘ ma piers ‘ . 0 ,  t ’~..’ ;se

of a - -- “ - j . ”  I .  A -.‘o -ca e l p a -  ‘m a- la’s ‘-he ‘,a’, maL-a - I ’ .tm cs -f - .,a oma 1 mn - a  almost
a m ;. ”dr:(’a-” a .- - w.”~’a’r, ‘c m’aere arc- several -ia-sadvantaaes. A ‘,‘psse- l ‘I con—

‘ a - l e a - t b  I “ -a ’ .: “ — ‘ui I a.’ re-;;a a- r”-t to .- - a- m o:—ruo ~m- dat.’  •ore samp i mo o- ; ;c.ar
a - :-. ‘ :; ‘. ,  - am- I ‘ - rc-’ :r;a~’’,”' ‘- or” r~~-- -~o; . r ~~~~; r ’ -” -t -i a-’.’0’

--xp .~rsc ~- ‘ - t i I be t : - r - m ’ r m a - ’ , m a - t o  a - ’.’.’ fama - oa r , as vesse 0 iaie .and
I ar e - c ’ I- .’. cc -f .t ‘,‘essel :.aao be weather-ier.a’r,mhaant w i t h

- r  -a’ a ’ mo t .1: ’ ‘. mn~ I ’. m ;r ; ip’ - m n - a  t he ssnç b a - or - ; frc--:uencv . If s’us—
o . ’ ’o h” l a - a  -

~~~~; — f ‘“-a’- -a - - a t om .‘am ; r- a r’ - ’ .fa - m m a  -; mbo ; ’- r- a ’ .’-; i ra’ -a p_ a r t  -of
‘ - m m- ’  pa -  ‘“: , ‘- hen tor ”-:”raort ‘- - be p1_ ac ed ‘.n the sane area where the

‘f ‘- moe samples ira’ taken. This a- -c ’ , presents -a var iety of
n r b l a ’ m a s . Racks raust be :l.’~arl- ,’ marked f’mor re l ocation and navigation
a:- . h - a r - o n—- ’- a-” pl-a -’a-I mo o chi t-pa -am : “,anr.els, Vand,~lisis -iue ‘-cm- accessi—

I;’; - ‘ -her veMs e ls  a: ;  a -:m o ncern as is •he damaqe to markers and
m a  - c -c mmaused h” f loo mi’o ’ .n~ -b ec to.c . Therefore , it is reconui~ nded that
‘ — a -  ‘ - m i s  ‘- ‘c” :- .’ -f  I—n- :a — err’ p r — o a ’ c c ’ m , pier s i t es  be ma sed .

— - - — —_--_.-------_ - ~ ._ _‘~~~
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‘to ‘.-auhli: a c -~~ss. As ;- r.ova-ously di scu s sed , a ~~ jor
I r- ’tm I.’aoa - ‘ :acouma ’e red w it h ~m :oac O~erke 1ey Pa- er  wa s vand al ism. h’~ot - m a n y
I a - I  .‘ .a:od_ a I a- -a nt substant ia l ly  t tml ay -~.aat;: ia -n e ma t the -b e rot ra l  Bay s i te
I; .a ’ m —n , but ‘m: ;t ~~re -;“ -ma - f  :_ a ’ :_ a :.-a:-. be ‘nisily lost tflrOuqnout the
s .ac’.; - Im o . -~ mor t o t ’ rva l . :‘: 

~ ‘ o~.
. a-.’ fore a- t’-cm °rarw. ,aoded t toa a t the g a - toe I c c _ a t  ‘.m -c n

t~~’ r e - c ’ :: toc . i  f o - -ro o url a- ; access, At ‘ b e  !hrte s,implmno sites used
to a t o m : ., ca - m ’ ._ i ’ c  (Mare Ima i,a:;.t . P -m a - F ~b~a- oa oa ’  and Tre asure Ig Imaa ;_ i ) ,

. ,- . - m wac o,” a p roblem,

- A me a- ‘ama e I ;.~t a- - ma r w a - t o O l ,- ; !  oa~~- r ”  -I ye oa sa ’  is - a :;ea’.”. :, se 1
‘m a :  a-_ — m u. a oo : .. -,a’ I ‘ , ‘- c ~~. 

‘
~~. a- , -~ a:; ‘. a - t o . ’  a- er -at a- ‘Zn lent ah.’fl samp 1a -mo q

~F’ - a-ma , Thm s ‘a~a ’- - a- “~a ,’ ’;- a a~’ i m a - ’ . ’ a - - a .  - - n:;m Iea -ma! m c n  f or

r.m ‘“ma ts . bl - --~~o v’-r, ‘:0:’,’ ‘ a - - L a - eflaS a5: , , -~m m . a ’ : ’ -  I -.-maa: ‘.‘.%r;-~_ a l a - , n t  are
- - o ;- . a- It’ a-..’t • m - ’  a’ac’ r” a-’,’ to t a- .0.’:; to ‘c .~ so ’’-’ I ~‘- ma ’ m c a: -,e i, - ‘ -  m a ;  ‘ :aaa~ those
a:; :,- -~- ’ . , a t . ’_ i  -a m ’ - : .  - ‘‘.a :m m’ .- tam--re _i -.‘e ’a : ,a o b r - j  — a  - .‘t ’cc.,l ‘ r . a t to a -  : m ; ear tohe

‘.:; a ;- t.’a- -

4. A,’a’t lc’ . a a
~

. o m ; a ~; .a - - . . A - ‘a: - ,’. I.’r a’ . .‘‘ -a Ft - ma-m t 30 0 ‘.‘‘a wm a - ” .’ .:;-a ~!Oa m -c ’
.ia .’; a ” a ’ . ’ . a ” .t on- ’ :mI : ‘ - .“‘: mc ‘m,.’ ’.’ar: - - :’ .-, co~~l”- ’ t a - - ’ao lev a - cc’ ’,, but
a , r - 0  - -;e rm t r . a ’ : ” ’ Oa-” -; :a: ;p-e a :-ht ’ t rot -”- .; ‘al ‘:e.~ aroanisiras ~a;_i . a r ’ m t o a - c a - al

‘.0::;’- a a ’:~ - ‘ .‘.‘.>e’ , ‘h ‘. mm wa g o-’.oto .~ ;‘r 0!. 1 ‘n a! a-ac to :;rc’t’ . .a at ; 1 a - n q
- a ’ a- - o r s  used f - m ‘ha- ; ;  a-

5 .  ...ac a’t ‘f ;o;b ~~ r a e - t~~~~ ’o-: “. amwr -”l ‘a-’ ’.’- to, at  Treasure Island
: r” ’ .” — or ’ .’ -h  ‘ o ’ - -cc ’ I ’ .mawam ’- - - a-’ ’ ~,a r - ..’’- h a  m~ma ;~~~‘ a - mo : om ’II’ ,- - .’d at a - m a.’ same 

- ‘ ; c - a ,’a ’a ;.i,”l . - ‘ - ;  t O ’ Ic.t a - a - .  - ~~~a-~- - ‘1 l ’ ’ - t ’ ’

•‘., T” ; a - mam ’ c -e m - f  mO at ;’ :.’ a ’ - t a - : m ..’I”, a a o t o a ’ . a , . a  ‘or “he
m a - ”  a- ma’~a - .- b~c a I’,’a:;’- mama - a ’- ’ ;; - ::; ‘ 0 m m :’ ‘ao.a :.: ;.’ a- , to rman ’ -t’ ,.a ao t . ’ ’, ‘- “- ‘‘ or :,ac—

a- ;F’.S mas’c ma-.’ h a - a - ” -  ‘ .n’ - -- at; Car” I ‘- - ooe •o ma t a-y e r-~-i a lmat ’ . .D r , s

‘. T b c a - r ,  yes to t ’ . - a o  ‘ a  any suLrr r ae-i ‘bj~~- -!ca.’ ’. ch nay Z~~ a j-.-mten-
b m.a l - ;- ‘o ; r—e - f  - ~a;t vna- m o_ ant s a - s mn çor ’maa .~~~ 0’ -r “x.a -le , at Tre.asure

-al an.I . a ,ar e “ l a ’ : t r ’ .  c~~l ! : .vosf -crw~~r w.’a -; c;;br’~~r .-a-.’-’. under ‘m or e pa - er.
acm ; ‘- m a n c f - a - — w  ‘- ‘.T ’ .: .a l l-,’ “,.avc-’ somioctoa r . ,.a l amo untm —f coolino o i l s ,

‘ -o ’e r -”. .otor’.’.’;’ m ao c P4”Bs ‘ — ‘ - o r e  sed iment vo l  -‘r water - -1  .arnn .

1:;”~’c t ’ . i a t e  an ’ . ’ -“‘-.‘nt a- o~t-’re n t m a l  -;ra - Ia~ e -f m a - b ,  :a,’asoline,
0 - a m mo ’-. -v i t or e r  omhc’ mao m - a b s .  T” ‘aa r ‘c moowl edoe , - ;s a-ch spillage did not 

ma - a ’ ar ’ .’ — f  ‘ or.’ o a r r ’ I m n c  c ’ .’m.’ lcm .:m3t ions am. t h i s  study .

‘ . Ex.amau mmat ’ .—- n  ‘f local m’:irm’ent , ‘.‘er’,’ c ’m ron a - mm rrc -n t s or turbulent
-a.a ’-”r tas- - a - r h  m b a - ’- a-he use ‘ a t  suspended racks -f ‘est -raar,isms. No
I m f f m : - a l ” a-.’s al - r ca these lines we re encountered dur inq thi s ;orc~ ec’m .

1) . ..-r, a~’;i a-’ -h -;ara~’ 1a - aa~x s a t e. A sampli na site location should be
m o - c e o  whe t’.’ :‘~-~ter -o~~a - a1 .‘na-~ ”t-m gamp lino can - -.ccur from the same

f- a ; a - I a- ’- ” , - ;n’ .nt” rr’ar ed .
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II. l a ’m .a to a ~m .am’ ha -m ,’a- .rtc.ib :m .as~~- la - nq jmrograiaas at or macar a samp ling
c a - t o ,’ ‘;moc u l - l  be cornpa- led. Smmma :’ . mr-formation may play aza important role

m a - : at’ btm c t i on of samp a- nq s i t o ” s .

12, TOr e “_ aao~~l a - a r c a  s i t o t ’  :,:a- -ub d, to the h’.-tht:st degree possible , tru i ,a-’
r.’rreo3ent ‘:oe w a t e r  nass w: aa - ch as to be studied. This should conca-~i.’r
‘ m ! . a I ‘ . o r fl-uen-:e , w,atoe a- c i r c u l _ a t ’ . - m r ,  and watCa- d epth.

“ce o—m r  ma a I.’ a -ma ’ : ‘. car’; art ’ a:;! a- m a t ‘-ci by order — f a- ar-’.pc’ va - - a n --.’ - As a- toe —
-- u s I’-’ ram’oo ’ a- z:”- .t , ‘he ‘v” rma i I n- ,mal mi f f - m ’’ar” p a - — ‘,‘- m t  ma ma:’.— u I J  deter—

“a‘. :oc to he a ‘: i _ a ’ ‘,‘t’ a- ma - ’ tao c c ~ o f  “ _ ac I; _ a ’ . t o c ’  a - :  - ‘a’ . .

a . 3. — a :s ’ tb i ’ . rca-*’ a :t - a ~a 0’ .’ a coa.ana’ o. t~~~a- ’ ,’ 0~t~ a- w- --rk ~0.a to a- .ona F z -  - c~ram)

a I -mo ;— ’ .‘ r--~ ‘.toe ma are “ s t a b  I m m,:;t’ .t f - a- aoa.m ao m a  or a-ao ca mm ’ . 3an ~
‘rar.cisco Bay

a -s -;t :- ‘or ; I a-c ’ c - a i~ ,ao.t e~1 t o b o o t t o  to hi’ r a-  -‘ca ram 0 1 : -  -w the a-ui ic l ines now
be a - .’;.n ’ ’~” .ib I a - : , b;~’ ‘. Ia’.’ ’ht’ to a-onal Sc a- ea; - ’- - man.l.a’m ‘. cam (C.~r, f e rences P 1
2 a:;.’, 3) . : to ‘-m m. ’ O .an F r a n : a - .~ 

- m a m a -  “ s - - ; . I b e : ’-
~ ama.’ ~t r ’m -f ‘he Natmcn.oa l

orc,! -~’.~r ’, m’m ’.amc m . a I~’ , a - ’ : m a:.a l ‘._a .a - - -  ‘.1 I o,’ -L a ,m ;a ’ h.  ~Qeat her I.atma
S0 ; .a - m c’ , ra a - : ; f .ab I , s-a-:’,i - “ a ’ ’, o- :’ . ’ ) ,  to .I,a l - ‘ .- - i” a - : o f - -  ro ot _ a t ’ .  -a m and standard

nab f ,a ;to a - -s ‘“ar-a~-’e ra ’-~mr e , -;,a I a - n a - ’ - 0’ , .- 1 . ,  a otol - o m I a - t o y) .aa-” mac n ’ .—
!c ’m- ”.l a- ; ’- - mm-a,a ’: a- - a l l - : . Tb;,’’:; ‘ -he o ’ b ’ ..’ :- : . a a -ar -a ’ ’ ’-’ r o  addressed Icy th an ;
pa -  I a.’,- :1 1 alo .. be ‘- ,~ken -at ‘‘ma - -a; - .‘- a ’ a- cm:; ‘or a m - ’ ma-u baa- Ic-.a s m s
The ‘ ‘a ’ma b l ‘. ;m;a,’~’oo ! - ,to : .‘ro-t-a:;c’ao ’- - ; ‘ . ‘es  f - a -  I - a;- - -’’.’rro ,‘ m — I  ‘ caa - - : .al 1.-t a - a ‘ . 5

:o.,adl:’ ’;e.- I.~ I f - a- ~an ~
‘r a:: - - a som’o B-,a’.’ . ,~~ ‘ . ‘ -  I’. o -c r oa - i_ aa ;a ’a o a- - c m  ~ ‘s - ta o - I a- ut ’—

a- :  ; ar~ la - n a “ - ;- ‘ . a - ; - ooa eo ’ :  f a ‘-~~e a- “; ‘- a- :;” ‘ao ’ . ’:- - a - a - a ; - a  -of 
~~~ 

a FW?’ea-s , t he
fr— .ro ta’ar” - .a - ” - - a -  ala-.’:.’ I cma rm - l a - m o -a ‘ ,a r, :-‘.‘ a-c a ‘er describe d ma r -h

a-” I at a, ‘n sor a - m s  - -
~~

- - :  m om no ; a:; a- I; a”- -’- a- -a;,a I ‘ a “a’. t o ;  f - I I  -we-I

O , 4 Sc’ l.i t a - -r~sha -jms ‘f 0~:;’.
’: a- ‘ann.’:;’- ma I P a m  -an.’’- ,‘a-c ar -o h Tm l.a I ‘y’ ies

A ‘:ar’.”’-’.’ of wa ter -cI-uran c,a rq- lc’s  we t”  ta’ marc-I - -IF ‘o- ”aa - l ‘.amt erva ls
‘or m ona - -at -ne :-am~m 1 ” toc ’  ‘ - a - lab ;‘,‘o” an; ot her to’  Ie c’rootmor e the variatior ,

a ‘o o .m ’ se oi raa ’w ’ ’- ” r ’ a  w a - a - h  t a - l e g ,  Th.’-;e m - a r a m a ~~m.’ rs a- o ;- c l ud ed - l’ .msso lved
- x ’ c- eao , c a l a - n m t o ’ c -, ‘- eF ’ P r a t o l rA , ‘ - - : r b a - I a - t o ’.’ , oo ’ . tz ’ a te—n a - t r ’ - ’ ca . ’ n, as~~ nia—

o a - ’-r—m-a ” n , m m - -ro m’a- I t er a b le  residue , so’- ’- Ic -able i a - _ i s , m ar l tida l height .
T h a - s  t_ a ,a a- ; presented a - a - ’ . Appendix A and -I,it,a analys is  m r - a m~ection 

- 
.2 -

T’;r”' ;
~1rnp i a - :; -a l~~c’_ a ’ma - ,’ns were pres elc -mma -n d h-” r study : Tr”~~sure Island

a - n -“ r.’oa - -al  m s r ,  F ra a at m isco 0~may .  Mar” Is land at the -2 ,ar—ua -rae z Strait and

~‘— ‘r Thi:ago a - mo ‘ore Suisun Bay. The s a i a - n a - a - y  rec ime , rea c ’ ar . ’ d dur anc
a m oro;’ l~~a - e  ‘ m a - L ab -‘,‘ c m i e  -at each station , :learly reflects differences
a - n 0 - h O - m a- m u  cf l’.” . r — ’ a rO aa~~fl t S amo ng the se sampling Ic’- c ’ a t a - o n s .  Treasure

as a - or _ia- c- ia-a-’ , .’ of a hear—mar ine c-f l ’.’ ; m - -o f l~~~~T o t  W ith scalm nm t ie s
averaging ~-~~~~; ;-pa - , The freshwater influence from the hlaelta was
~ a- ooa -nai at ‘ - b o a - s  st ,a ’ ion , P” r ’- Ch ica go re f le— ns a near—freshwater
e nv a - a - m n n p o r t  w a - a - h  - ; . i ia - a ’a a- ’m ’,’ being ~esr ame r -- . At bot h -‘- f these station s .
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m a , a i a - n m ’ ’.’ remained relat a- ve ly  constan t throug hou t the tida l cycles. At
Mare slan d , bocwe ’,’er , ,otIa - r -’ .aa - : ’ was c l - -mac i:’ associated with the tidal
om-u r’:e ; -ma -a l a - n a t ’ .’ a n - c re _ am , e - 1  ~ha-a- r a - a -a flood to a-des and decreased Iura- .’a -j  ebb
t o ’ .  ~e s - ~ a -’ ::-. ‘.‘_a 2, u ’ -.~ r.tnq ang from L5 a-c 13 .U mo~ot .

s hould be :rcto .’o ‘-mot to to ne .~~ 1i r tXty  regime s were measured dur ing the
a-.a mm ;:- SC_ a s~- r-m whera to r’~s:;-,.- ,a ‘: “to a-’;:;- to to a a- - -oo a a;.’ a~ a ’ m  a -~.e :. i- - ,a-u ;j a- !. — m~~ or a—
one:’.’:’ :o.. -lta mm. ‘:ne greattt m it. ~ur a- :a -~ sunua~~r months , mari ne water

m omic s a- m .a - ,m S ma - s-un Ray a-se too the I.ack o f  tor& ,s:;w_ ate r r’um ;- - f f .  This
,ma l ’- ,.ma ’ - e a  a - : o tm - - ssa. ~r-’. a - ., ‘cci- ’: -ut ‘ a - the ~e It ,a by release s -m- f f re s h water

a a- - ar-a s~- ma ’ : a - . ’  ma mma r eSea to ’— a- vs a - a -, ta-me m ;.a.c to ,amt’nt - - :-~a - -.’er (Ke I’.’ , I .a- . -

P’u ra - :;-a ‘- a;.’ s amoan.’: a ’ t - :mtnma , -,.t I ,n a . ’ :a - e s  a a ’ o  a - c a  ~ c m a I I -.- h’a ’ .~ :bot’ r at emac m ; - m f
ma t ’ m; • ,t’: a- ‘:ms , At P ma -- F a- -c.aqc , :.u I a - mo m to a-c ma .az’e to,’~’ a- ;.a Lb ‘~‘ hig hes t a -n

..a t o . ’  :mur ~r*’r N t m ~ Ia-I ri- a ) ~‘c I’.:’, l~~#~c~ ) . Pre l a-na -nary t_ am m .a fr -a-rn

,S. -e :I o.;m ..o_ ab ~° .mr’.’e’.’ S Im;) a- ::d’.:_ateh -; ,31 a - na -’ :a- e s be t ween Lb ‘ cm 1,.

a ’: ‘or e ‘_ ato - l- a’.:;ez ~a - a - h~” . r,d 3 l . t~ ;~~ t ~ a- Yera -mai Buena Island a: ; Auqa.ast ~~~~~
- -:o -; a- IcrmabI. ’ ,e.ts.- a;_a I mo .a r a - ma ! a- -a- : mm: re - ; a r m m i  to o ,a-a b m n a -  ‘,‘ oc cu r s at

mo.- ’b’, 7 r t o  lm ’ .c ,a~~’ am :.-: Mare sI,a r--,~’,,

a- -o r o f ’’:-.’ l.a ‘a -a: ’ ‘a a- ooe I mo - - ‘-moe 14— ‘a-our -a aao’~ o La - m :~a revealed a - m o a t

~ o;e m ’ . ; m . e ’,’m le’.”a’ .:, of - aran. ’-’m t’rs la - _ i  m;c ’ ’- - c a r  ma t ‘he same - ..amrr -p la - :o o
- - - .ato a- -:0 . P - a- ‘:Om ma ” ’ ~at ’ar ;‘.i.a I m ‘ y p .a ra n . t . ’a - m ; measured mr~- m a a - l y  - iu ra- rao
ot ’ - ’ mm~~I” to e ‘- a- ± t ,  -to ’  :1” . P -a - ’ ‘bo a - :,s -~~ m ; .a i t he :moi q hest ar-ac_an :onmoen  -

‘a - i a - :  - am :h • m ..m ‘- .1 w a - m o a w a t e r  ; u a _ _ ’:’ m.a :-a n.~’:ers: ~ .O. ,

a- - -;e” .1 to ; a i ’ a a - _ i ’ . ’ : ’- . Mean ‘:-a b -:e t o ’— ar f,lterab le m e sa - d u e -an_ i

a- a — ra m ’ a o ca -ca, we :” ora - ;rmamst at Mare I m a l t a ;  ‘,, .ir;-I ma _ a l a - n a - a m’,’ was hic~hest

a’ : Tr eas -ma - ” : ,..an~’,. .‘ma l u e s  ~f .e ‘ le iL l” so. m,I m. were r— ’u! mor e l -- below

‘he I.tbe m- t a - - r :  It’’-o~:’-a -~ n I a - a m a ’ . t o o j,

Pxa ra - a - n .a ’: m —a - ’. -a- h ‘- :-
~~ ‘ i,% .t : r.’-;”:o’” ‘, .r a ’ : - . a - - .  ; t o - .a 1’c~ ‘. :‘ .dm:,a toes  ta-:.it ma o

:Iear a-n I -a ’ a- -:00 , :; ins - ‘ a :  these w .aa - ” a -  ;uai a - ’ : : : -,az inca-e rg measured were
- a  maer ’c ” I wa m : r”sa .’-’  ‘- - t o ’ .  L ab -‘.‘ ‘I”c . The “va l ac ” of mneasurrao - -a

;e ’ ’ eaL ’ , ”  sc ba - . im ; or-va’.’ be :o ,a m: a - ra~~l tm:;-:.’ ‘oe .arb ’c’ .aII f to b o ema c -  values were
o . ’  I -w l m a~~:rmatcmr’-’ 1e e -c ’m a- o~ I a- oaaa - t s .  Tb’..’ te-;t’o.’ ‘f f’,uot .aatm or. - o f  ‘he
a ° mom. aa. ’Oa - m ; : parameters  was mo o ’ - -oor. ; m ’ . S t r T o ’- between s t a t io ns , a - : : d a - m , a ’ m a r c
rel .atm’.’eby Ia -mac re ’-.’ .mn’ :a-r—a ’.meaotai :cond ’ .ta -cr ,s it each sartç l ’ .n~ location .

I be ;a tcI that ma -curly s a amçmia - a - ’ .o ‘brrnj ca; ;out  a c a- rca- i.’’:.’ ta - lab
c’’ m l , ,  w as :-- r.Ju:a” I f-’ r ‘ar,I,’ ‘m;c’ o f the f - a r  samplin g “ff— °rts at
n a - n  m m ’ - ” , The a-c -raa ; ’ ; a- :o -a aar ~’ Los wer .’ c~~ilc ’ :te_ i a t -mlac k ta -- h e after

~‘ort . m onc e ther e was -a I_ a.mk of a ss ociat a -- oma ’ . w ith these water p a _ a l a - t v
o a r a o -,” ” a - -  t o r i  to a - h a l  m ’,’r I ’, , ‘ -her .’  m m  no eva - l ea -c ” ha - - a - ar - i ‘his data that

a- he ;- a1mmc ~~uent samples o o o l l e c e I  it- -a l . a -om k ‘a-ide reflect the “wors t ” -mr
‘1-..’ - ‘- “ w’ssmbl e cond a- ’ a- cr,s lur ing the t idal cycle in which a-he sa mpling
- m — - ~rr” I.

I ’: amo c - al h be m ;c’toj tobos’ maa moa o imr , -a ‘m hrota qhout a tida l ycle at each
a’s’: —r. w as ca - a -m I-mo te I hur a- mo o wet weather - ondit ions , :t is possible
- 0:_a ’- i-ura-m’,g a-he Ito ’.- we ather season , -a varan ’ to ’ ( -f re lata -ons hi ps between

_  _  -j
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‘:b;t’~~t’ w_ ato. ’r -~uab a- toy para meters i a m- ,h th e ‘- a - - i_a I :‘,‘cle~ may c’ccur . Al so ,
a - to s uc h . re I,tt a - - ’ a m m j t ; a-;~~ to exist an wet or -Ira- ’ weather conditions ,
several .oa-:o~ ec:iam a-ye ‘:i,bl c’,’cles may :a.a vt, t c  be sampled hourly a - ma

- a - le a- a- mo a .‘ I a - t a - m b ’,’ d.’ t- m F a a  - t I.’ mao a-- a - a - .m them .

~b ;et ,,er -a moot ;:o~ar I’,’ maarn~,’ l a- r .a -- f  a t ida l -ca - mo le should occur in future
;! i - t a - CS a - ma c a-ro t a- :;.lent ‘an to:;.o r.a t m a n_a le  f -r obta in im mo such information ,
f a-ore :-- a-ra -n -sc as a- .) ‘ba - ia - :’ . a ‘:aI-’.t, to , a.a-aata -satta a representat ive levels

- a -  a- hese -w.a tea’ - ~ua Im’-y  m’ ,az.i aoae tot ’ a - a  ove r a tida l -cyc le , to :’.en momposited

-‘;- ‘ur ’:’ - ..ar’4- es r-r~ia-’ :, a f f a - c ’ m . If - c - - r’~- u sa - to.’ sampimmo~ we re to be -mon-
t - m o t e - I, F ore:: - Ia- f f e r ences  ama - leve ls  -f  ‘ or.’ I - .ar .a n c t e r s  w i th in t a-’ ..’ t idal 

Ic ~ a- II m oct  be meas ua-e h , f , o; ~e’,’em a - n a  - - a-na to a - - a :  “ - na to  l a - n - s  v a ri a t i o n s
‘a- t a b  ‘‘- ‘ I’ ’ , a- :, a -a m ; ’ -  ‘ a;.’:’. I a -  - - a ”  a- - a - ; , an~ les , ‘,a’~.’am e r a -  - t ’ . -’aI

a- ta b “‘‘1 ’’:. , a” :- ;‘ . :‘ ‘  I.

.~o .’m ; - ‘amot a- tea o a- : .-; t o ’ .  1_ al ma- ’ ‘ e  - — mama -r b mm ; -a fr.’-puean:’0 ,  ‘-a:.’ ‘ v~— e ‘t m .a rma arwter
too moi~ mia~rç led sm’..-’u I I a-~’ c cars a- Ic a-ed . a-’ r a- ’ x .amr-~ le , to aoe -i_at,a a-re se a - ma - e d

0: ‘c - ‘ -  a- a- 5 . L a- ’’’.”’ a I - . wide m h,am; ;,,s -let .‘n 0’. n a  apor: sa~ç l a - na I -oa t  ion)
a - mo m - n o r - m oa t  ‘ -o r e  a - m I _ a l  -‘,‘- ‘I .‘ a- :-. val ue’; -a - f mo - - n f a - l t o e r m aa - mbe r a -r - s a -_ iue, to- _ a r—

a- t a - ’ : - - , in_ i -; ,a 1a - :o a- ’ - -,- , Wba -”reas levels -
~~ tam’s~a- a ’ .a -a— and n a - m a-

a r ‘m m .’ rio mit : ar ’ : -o- .~~- t a - a t  a-v. ’  m ’ .‘aas ’.’ar a-able ‘hr -oj ahout  to:;.’
a- t a l  u’;’cl ’ mmi . Th.’a-”f-cr - , iep .’n i’.004 ’r, ‘ m e  a - o ’ . f ’ r - mo ’ a . a ’ : m ’ an  to - be —bt .ained ,

m a- m’-a.t - .’ moe possa -imI ” ‘-cm ,a-’ac’oif’’ ‘-ore fr”~:’ue” .‘ -f ‘Ile ’to ‘., a: f :r I ’ . ff e r e n t
a r a m o v ’ t o ” r s  f ‘r a- a;.’ purpose ‘-‘f r - nax ’ .a r a - c ’ . n -a  - ,emo s a - t a - v a - a - mv an-I —,‘ .m’.a maa-i z a - n ca

- - -so ‘a oIl cot a- ‘n -and aao .a I’-’ - ’- a - s • . ; a- - a ‘- o s t_ c f f .’ct a- ‘.rc a,tr I a no
p r - ar tan mm. ar- : 0’.’ b ’- aa - n.- I a - : a - ‘a r e a - a l  sole -a a-on - f  j a rameters  ‘ cm be

mea scma ” -h ‘ . -  —,ade a and ‘he —~~ to ::a- .ha’ l - - a’ - ’ 01 sample ‘‘I I”- -t a-on (composite
h a - — a - -re ’.’) i r - o h a a -e- anto~nc’,’ ’  I’ -;_ ar~- I ~‘ - - - l Ie - c ’- i~,n , r e f l e c t s  the leave .’

- f  mmm l - a ’ :— ,- a t o a -  ‘Tm ‘- - 0.’ ‘btlimn.’.- l a. ; -de ll a , a- ::e - -m ’.’.’rmall ” - ,ea ;s’.tiv’.t’,’” of
‘ - mm.’ t a ’ a f~~r aor . a I ,’ - ; a- a .

3 .5 Ar ’ a - l a -  m a .  ; - a io - ; ’- r ‘a ’”

Ph” mm;.’ - ‘f  ‘ moe a - mo -a m ’ - a -\--afwonc: ; -; ‘ar - I”r w.’toks well f- r ieter7nininc
;m - -‘~“‘o m , r ‘a’:.’ an -I ‘. - -t o m - ‘- • mo t’’’:o,arnm Cs.  Thi? a-;.’ ’ I a ~— b -mnt - c’,’r,t a’..’ to a - c

a- mo- h e x p or”-’ -sa-”-m ’hesa -s -Phi ‘r’~ - a o y i  I a , o ,,a s been used ver’1’ successfully
‘.0’.’ m t r r,’ (l-~~4. ‘-a- m-m ,a ao a- f’a-’ the impact -f discharges -‘a-’. the -arrawt h
a-’a ’-’a -f a- he Pa~ f~~~~h coia~~w’~ities. However , when this ni at fo r Ta - a - s

I t  “ I a- :; a- he f ie ld , -a I.ar’e number -f ‘.‘ a ra - ab l es  are pr esent if trace
I”o’:~~n’- tao I P’PB v ,al :j e s tr .’ measure d . The species -momposa-to a-on changes

-ve to ‘ - a - o ne. r-a r~ ic ’ulate mater ial  — n a - a a - a ’. ir ’a  a- race metals and oroanics
oo ‘- mm. ’ racks and - raa na-s ms . If no organisms attached to the

r- ’--a ~~h.’r.ed 3lass m m-- hs , ‘ - race me ta l s  and ‘a roa sra i c s  could st ’ .Il be
l e a - e mo t e d  f r - - rn  ‘-Le a - or II-_ae r.-mm e f ‘oLe water colu~i’a and sett la -n q parti—
c - _ a l _ a t ” ’ ;, Theref- ’ro , a - has  method Ice s ‘o - - ’ a -  seem a-c be -‘a good one to
he ’ermine ‘-he aoo l l- a t ,a rm -uptak e rates ‘ar levels -‘f a ,aicrofauna and micro—
fl ’a r s . a-~a-tL.-’ut -ad - la ta - ona l laboratory tao- I fie ld testing , the data frcm

a pa l t ~to t-1 ’~’ a - n -1 a - - ’a t . ’s  a- hat ‘ - a m a - s  sampling task method should na-a-
be as.’-I f o r  1 cao-a — ’ermn r w ’ a n a - a - - r : n c a.
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3 . b  Applicabil i ty of tIme Test Or-oana-sms

The -use a-f attached or s-_a s~oen,ted macrofaunal organisme to detect
various con taminants a - a - a to ,’mc enva-ronment has been applied an Europe and
used a- n bays and . pen water m m ’ . ‘:hi~ coun try . The use of caged
oa-o ,’a na-sms suspended f r om racks in Sara Francisco Bay has been used by
the Co rps of Engineers, State (C_ ala -f.) Water ,‘uality Control Board and
some selected domesta -c sewage - la-scharge l a- s t r a c t s .  It ii too e ar ly
a - mm ‘- I’..’ program for some of a-he longer tern resu l ts  t o be completed
lm’ moan a m’..’ .t , ’a t e  p r o )e c t s .  Howeve r , tare ‘na - ted Sta tes  and World Wide
‘4usse~a- Watch a_ as been developed too  ramni to r  m;elected pollutants along
‘ - he m a - _ a s ’ s  ‘af some parts af  the world. Prela -riunar,’ resul ts f rom the
: _ a b a - f c r n a - _ a  mussel -d_at~:L have teaa~:ns a r_ a ted  the usefulness — I attached
macrc :au:ma as ~~na - tmo ra - : :o  organisms .

~,aa: P r anc i sc o  Bay represents true ‘ast-_aar’0’ cond a-ta -mon s w a - a - h year—round
:eb ta a - m a: I -mow , The a-n I lux of fres:m d ate r ‘.::a-o tar.-’ -s;’ - ’,t ;’a-t m -r ’ m ’ a - Iuces -i

a - a - :a’tangaa -ag f a c t o r s  as poi n ted oUt earlier a -n a-he -discussion .
Th’.~ fac t makes ‘-t’.a? select m on )f a sa-ngle roaanism wha-ca-; -calm with—

s’: a n~I ‘- ore  ; _ a l a - : o a - t y  range f r r m  f reshwater to marine c’ondita- :ns without
‘affe :’-a- ::o surviva l , metabo la -sm ra tes and uptake val -_ a e s ’.’er’,’ l iffi—
c - m b a .  1 saaaçlm ::o si tes were ‘t m’ be established a -n ‘-he lowe r Delta.
‘- r a r , n a - t o ’ .  o-n,a l areas Ma - l -B _ av , and Sou th Bay , ~~ st l a -~’.ei’r-’ three species

be needed - 2 . c r b a - c ’j l_ a  f l _ am a - a - m e _ a  f -o r  fresh water ,  ~yt a - I - _ as edulis
Il. a I a - nia’,c-a ma t tone t r a n s i t ’ .  mn a j  zone , M. edu la - ,  ‘a’: ‘-he na-~i-baa-’

p -o an t . ‘am -m d pe r haps Musc ul ’_a s senho ugia o r ’ ischa diu~ chenus sw ia .~or t~ e
ac _ at Om mo-a ’.’ area. The preja-minary resul ts -a - f this study show that both

a- a - m a - c _ a l m a  Il-uma-nea and M’ . ’ t a - l_ as edu la-s seem a- c’ be su a - t .ab i ’ a  as test
‘am’ :,an’. .;mss a - n a - o r e  ar~ as a -a ’ , wh a - -’n tLe’,’ - ,~a’ a-,’ - sa;sa - :ea - o I.’-I. Mare Island
or a-” -;,‘nto a the :ruat,’st pm ’ ‘cI ems a- a-nc” --mo -; a-nale sp-’-’o ‘. ‘as tec ’-e-i would
I,’•” a-or de r a- t e a l  c o a o l a - t o m .  mo o s f o r to - ,.’ ’daoo ’ l ’ ’ -‘“ ‘a r .

3 ” . I : ‘oa ’ a- mn-by — S t a t io n  Comparison

As was :; ated earlier , the stations established for this study repre—
oen ’- the extreme s a-f estuar, ::c a o d a - t  a- arts ; P”.rt Chicago as fresh water ,
Mar” :a - l a nd ‘as ‘a transita-onal point and Treasure Island as ti,td—Bay
w a - ’- h ~~ ra -n e :—nd a -a -ion s . The refore , each sta tion as quite -ia -fferent
a n t  a- mo.’ -‘ r ’a ma rra -saras selected must be able a -- - respond to the changlnq
- — n a - i a - t o  a- -ns not onla-’ between stat a- .-ns but ove r time at each stat ion .
‘-ne ‘af ‘c ase pr ’ .me factors between stations and within stations a - s
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3. ‘~~ . .2 mPaim a rito y

I<a -nn e ~:a.a-4) arid ~~mane s Schliepe r ( ; ‘ P l)  have reviewed ‘mOe informa-
t io n  a- :’ . the relata -_ arms h a-p of salinity to the general physiology of
mara-:oe a-nvertebrates. Mvta-lus edulis a-s considered to be euryhaline
and mo _ a s an extremely wide salinity tolerance ranging from 4 to 5 iTt
a-n a - m m .’ ~_ al:i c to full marine conditions . Bayne , Thompson ~. Waddows ~1” a76)
mm - ada - c_ a t . ’  ‘- mme maeces s a - a - ’,’ f o r ver’.’ careful consideration - o f  a-he tune -

- ‘morse of a-h.; metabola-c  adaptations too :hanae in sal~ na - ty. When the
a-” ’ a - a - a a - : n rates of mussels f r - r i  ma range ‘f environment ; have been
—re isum -ed at their extremes (5 t ‘a r~m t  ) , intermediate  l~- m m a o t )  , un-I
o-,mar:m o e (3m.2 a-ro t ), the r _ a t e s  remain m; amoa’mi l_ a r .  However, when mussels
are ‘;xpe ra- maae nta l lv  e xposed a - a - ,‘alter.’t salinit’,’ over ~a :~hort period , the
rate  a - f  oxy gen consu mpt ion a - s  tra-Uher ‘.m; the sal a -na -t’,’ to ‘~h a  Oi ’. the
a m a a- maul. ; were accustomed a-mo nature (Scuxan , I~ 3 1 )  . Theede ( l~~~~3)  found

a - o r _ a t  umsne di ately ~a : te r  t o r , m s f e r  to above or below ambient sau na- t ies ,
‘-he fa - l t a - , ’ at a - ’an ra te by M. .;dula-s w,a s reduced. After P t o o  I days , this
r’.’duct a - - n  was lisuna-shed, but a-n extre me s a l m m ’ . a - t o y  - t m f t ” re n c e s  the rate
neve r returned t o - ’  to re  Ie’,’el; ’af the m ; ’ a ’ . t o r m ’ a l .

The a” .’’: a- I - m s “- to i l a - m o  cc’ , I~m’ ;’t ’ ; t -n i’- - a - : mt p-a- -aora~nd aaod mu. ’
or 1_ ant sto ck  were c - I 1’’- ’’:ed mom a - ~,aj m:o m t ;’ ’a - .2 ‘ o r ’,-’: a - mo O”:’r a,ar ’.’ I
The mean sa l a - n a - t a - ’  range ~a to Mare Im ; I _ a m r - l  was ‘ . p r t  ( 3 . 5  t o o  13 ppt)
Theref -‘a- .’, ‘-he anussel.; had a - m a - acclimate to ‘a a c a l m o o m t ’ .’ iecmm ”,’a a,e -of

or t ’ t  a - -a 1,2 a- pt ,  The : ‘ e ra - ,- -h a - f  a co c l m m’aaa t m, )rr ‘:o a lowe r s a l m o o r t o y  most
I a-ic e I;’ far ,;xceed aa ‘-he 1—wee k a- a-me a-e’~ua- red for te m per ,at u ro acclima —

a - a - zr or hl ’m ’ , l’ a” l ) .  In f_ act , tore a l ’ ,’-:-,oe n Ia -p a d data m, mo l i c ,a ? e  that
‘o Le animals wer’ under stress luring tore whole a- e ra -mod ‘f a- rae p a - l - ’ t
ma - id’,’. l~ m:o I a-er-er (I - has suoqes’ed four ‘ seven we.’s_a or co m plete
‘-‘r~o,’r,s,at a - - n  tea-’-. ’ nda- mo a upon tem ~~e r , a a - _ a r . - ’, car resultm ; indicate a longe r

:‘e ra-o ’d  -: ‘-‘.me may be necessary .

‘ ‘ rto a- “ml a fl -mmmr i:;e,’a was ca-lI e-t e d a-n fresh water  and transp lanted to
Mar” 1 a - I man- -I w a - t n  ~‘a salini ty increase o f  ‘~ to’  11 m’ç ’t. I,..i b~o r a a - - o r ’,’ tes ts
‘ -aa - ’ l ’ ac ’~”--l h a-ara-na ‘-he p a l - - ma - st udy a-nd ’. c ,a t e a- ma-a t C. f Lana-nea may have
Ia - f l a -  “ d ’ ’ wia -hs~ mand a-ng a - a l a- n m ‘ - a - e s  it.-’.” I ’ i-am a -I ‘a - p r - mo I -r ae-i era-ods .
Met abc’ l a- :  a - a ’ ‘a ’; we re a-~.’~i_ aO” I a- n - o r b  a- c - a l  ma mm ; a- _ a l a - n a - ’m a-es above l’-~ ~-~-too
(a-.’.’ ec t a- ins . -and “ . 1 3) .  L.ar qer Corba-cula -lid not surv ive at

- , a-t he m’ P—ra- Phicaqo - ‘r Mare sl and and yet those animals placed a-n
I a o r ’o ra ’- -r”~’ tanks have s ;r’m-i’.’ed for sax months an fresh water. The
a-” ia-ram I ‘a- a- he ow ;-or’; a- “al of larger specimens in the .cnvi rranment has
a-aoa- been determined . A recent survey by the “r,a- ’Inrsm ’.y -o f 2_ a l a - lem ma at
Devis has l.a- - a -r-I tha t  oral’ ; a- he smaller Corb icu la oc ‘ -ur a - n  a - a - m e lower
r” - a - m Tmes  -f a-ne Dela,a — Kr,a- -aht , 1~~P”a )
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Lb.) Phy sa--l~’~jm cal State

Bavne tl975) def’.nes sa-ressm “Stress a-s a measurable alteration of a
o r hvsa - ological (-o r behavioral , biochemical or cytological) steady—state
wa r m - c L a - s  induced by an environment,al chan~~ and which renders the
individual o’r the population r the comeunity) more vulnerable to
a - a - a - a - h er env iron menta l change .” It is import ant a-n uptake st ud ies of
‘-rarasplan ted organisms to describe the “condition ” of individua l
a m m a - amma ls  .tt any point in time and to’ be able to establish the time when
‘ - r _ anaa roo z ’t ed m- r~ _anisms have reached some s teady-s ta te  condit ion , As
- a - -  ormo a - m o t ed  a-ut , in the prev iou s se - t a - m o n  the phys io l ocic _ al  state az-m d
ac c la - maaa t mmo r ’ .  peri od s res u la -a - n q  from sal i n i t y chan ge s are important but
a n Ito ’ a-el ate to a - na - s  -a-ne var iable; whereas there are many more a-n
esto ’oar’m’ c ’r -ada-tions . The ph ’j s io bo ’ o ic _ al  state a f f e c t s  pumping ra tes ,
feeda-m ’.o’ e f f i c iency , su rvival,  reproduct ion , and general metabolism.
The ‘uptake of pollutants is also related to the physiological condi-
‘ o m o n s  of the organism arid a-he period of acclimation . For example,
a”,. edul’.; _ac~ciimates to -change a -n temperature by altering its feeding
m l  r es p a - ra t m o n  a-mi t .’; - - -aamnta ’ . : ;  scope ~or ~rowth (B-ayne , 1~~”o ) ,
Tha-s m- ,it e cn_ an~~~ ~~ulJ ‘aI~~o’ -aff ect -uptake of :er .tammn_am ;a levels over
‘- m ane .

Based or. a- rae resul ts fr -a -ri thi s stud y (four individuals sampled ) , the
mse of  a oc’ao ,ad a-ndex established from an increased san~olm nq of 10
mn - t a - ’.”. d-u,-ala - monthly and related to -:ly-:cee n - 

l a -p a d , taurine clycine
w a - I l  za’.re a reasonabl e a- iea a - f  :;h’m ’s’.o’loga-cal state. Additional

a-nda -ces :ould be -ised , such as the pr-port a - mo n of a-he internal shell
‘.‘rolume w taa - :~ a -s oc c-up a- emo by the body a - i s s u es  (Baird , i a -b.,) correlated
a - m o  :l’.’:oger, eve l  a - n ‘- ma e t i ssues.  l.arb”an-to—r .’.troqen rat io has also
beer. -used as ar m a-ndex .a-f c- nd i ’ca - -r. by Ansell and Sivadas (1)73). The

~onad index wr’u I-t na-a- mo .’-m ”ssarml.’ ha’:” a- .- moe sam pled ove r mo re than
-‘or e y e a r . ‘-n c” he re I ’a~ m n a - h a - p  between reproduct ive s t ate  o r some
‘ mm .’ r measure o f ;-‘ r r ’ ;s a - - ’a l-oqaca i  act a-a- ’a- ’:’,’) and glycogen/lipad and
a-aur a-ne 2l~,~mine ratios m ow s been established f- -a r a-he test organism.
‘- he m -na - ’ .n ued ma.on a - tor i ng of a-he gonad iev.olopment would not be
‘me -“ ma -a ~a a-v

- ‘ r -te r f -’r -a :onda-tion of st ress to be establ ished , some clisadvan—
t ao.’ must be shown from a lecline a-n physiological state -of the
a n a - m a l .  The r”sul’m -c -af the field study a-ma-dicate that the recomeended
a - n  tex used a- n this n b a  -study be applied as a ma’or me an s of deter-
-am a-or g the physiological state of the transplanted organisms. Durirm q
a-he fa - r sa - par’: of the l- ’nq-term monitoring pro)ect, controls in native
populations should also be sax~~led to correlate the natural physio-
logical state with that of “he transplanted organisms. As Bayne (19” 6)

has pointed -‘u’c , “The need for ~taantitat’.ve estimates of physiologica l
conditmon an pollution studies would benefit from the deployment of
;‘iana-m ’:at a-V s “s ta- mates -of a-he degree - ‘f st ress  in a population.”
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T ha -s statement a-s particularly impo rtant a - am uptake studies using
a- r_a:m~~ .an ted -‘rg,ana-sms arm areas that they are not normally found .
The re is a need f -o r ,t dd it ’ .monal research on a-he development o f  the
a-nfl,mes , tn-i -under sta nd inq of the conditions which af f e c t  the physio—
:-‘~; ‘.:_ al state fcr a series a - f  useful test organisms .

‘- .4 ~‘ptake of Co’ntamiroants

A l’ - :o~’ mon rites o f  ‘uptak e ‘nay be r e L a t t a ~1 to a- he external concentrations ,
a- n o  :er t , ia- r .t~~ ‘- h_ a a - concent rat Imo ns a - n  a-he or lan a - sraa will reflect

‘ - no se om ‘- 00.’ envir-oro rierma - (Bryan , l-)~~~). Some species -ir, able ‘ma -
“xca -ea -C .i :ra-gher pra-por a -m orm of the metal intake under -contaminated

- - -a r - i a a- a- ~ns • and ‘ :oer’oh’.’ a- .ao ; ~, it , a- he ca -ma c cart a - _ a t m a-n a- ar tm oc bod y at a
;‘-.‘tj’.— ;t ,ate a’,’.~i

Thea-.’ a-~~~,a’,’a - lena-e th,it aacll-usc_a c_an absorb ~oemiv ’,’ net_ abs from solution .

~~.‘‘,“ l,mn,~.’r amad Nakahar ma (I  b’s- ) , s howe d a- ma - ia- a- ’ a- noc ’.’’m a - sm s occurred a -n
tL ’s- ’ r n ’ m a -  ‘ro o f  :olla-a-d,al gold by the mantle -:.‘lls a-f bivalve

~a’llu s s ,  - -“adria- man was absorbed a-n ~“,,“ ‘.lus edula-s (F’ - wlers and
ma.’rm ,a’’ -‘ur. , 1 ‘4) , j n— t c nr— ’ rnate a - m r Ta’~ ‘~ s -t e smas sat jo; - - ‘hi ;ara-an , I
There a- - ,  no e .-a -  teaoc ” that an’,’ animal comm a m-”a; a-he “a .’m a-’,’ - of anea -a~ S
by :nanoa-no the perrmwa bi a - t y  rap a- t i v , a tno’uch organisms such as

b ’ . ’.’ a l ’ ” maaa - l l - us c s ‘ma r ‘- .~a~o~ r _ a r a , ” m’r”.”r,’ m b s-a y ’Ft a - -a - n by -:losmng the
(Bryan . I 1 ”.-)

As f~m r a m; bmva ’,’ns -are °nc.-rned , a- m r a-he m n _ a ’ o r a - t y  o f oases , food and
ar ” a- -- mlmia - .’ s are -a much r~ ore important - ;o’ur’ce -af metals ‘-ha ro the

wmi ’ mo r .  ~(a-we a.’e r,  ~~‘s ’- -f ‘- a-.’ ~~~ a- :.‘mo ’.’ conce rns fair 1’ -  large animals
mr ,~t ~ as -a -m ,i a- :o.’-t -.a - a -h ‘- 00.’ a ’ . - t  o~ a- ,adm ’ a - :mo ” t op~?s under nor aaa,a l , rathe r

Om an ‘net_ al - ‘-- ‘ma a- arm a- nated c - a - n a t ’ .  a - a -  - ‘ ma s Bryan , 1 ‘ ‘
~~~~) . Th, ’rr’fnre • it may

m~ ’ ‘.,an ~er  ~‘ms ‘- ;‘- ,a~ e - at h is ‘- m ane ‘ h_ a t a-h. bi’.’il’,’.’ ;p~ ~ke a - n t his study
a - s m-” - _ a a - n a - m o - ;  ‘ - a -  i- -” “ .“nen ’- m t  P-l a-a; s~-l ’-’ lm’ fa- on ‘ - a - . ’  m;uspended
a -ar ’- ’. ‘ ‘ m li’- ”’ .

A lar -n ’ -a~~-’- ’.na- - t. a -a ” x a - s t o  ~r, ‘-00e “xcrPt a- -‘r. and reaula ta-omo of
mo , ’r.”.’ ‘ne” a ls  a - or mnara- rme a n t  f reshwater - ‘ r i~an isns . As a - - te  f r ’ n  possible
I - s s  moy ta - f f ’ ;sa - -‘or, ‘~arious ;yctemns f - ’ r  I ‘ , a - n o  ane’al s have been recog—

a - or amaDil - us cm a - . Th” se a- a - c lod . ’  “ x a - r ” a - ’ . o n  as g ranules fr r’- aa, a- n e
‘-a - the’.’ -f m - ’allops , Qxa-re!’mon an sV heres rmnched off from the 1a- gesta -v e
ce la -  a - or ~ar 1’ .~;mn .‘-i’;ia-,~~ an t “a-c sa - -’ r irm c a - and ei ’o ta - n a  “ f mater ial  by

s (Bry an . l~~~3 :  ‘~~~n , l~~5 5 m  -~~ 1a- s- °ff , 1 -~~4; Youae , 1926). The
net,aa-’-’i’.sn - ‘f metals would affect the leve l of detectability (tissue
le’,”!ls) as a- a - a-elates to ‘-he :‘oil-ot a - mo n sources. This fact may have
be”n ‘.mr’,’r’l’,,.cj wa - th a-he lea-a-sass -‘f c’m~-’per fr om 40 ppm a- n M. edu l is
-°l lected -at P’-’a- rat Richmond a-or mid—February , to 13 ppm (in late 3urae )
f-’ r a-hp “ rv’,srlanted M, edulas at Dreasure !sland . Levels of many
trace elements an  a - he nat ive mussels at Treasure Island were not
a - a - a ’ m i f a - : _ a n t ’.y la-fferent from the levels in transplanted mussels after
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days. Both the transplanted and native mussels at Treasure Is land
ma-ad ia -~ nmf a-ca nt1y lower levels of copper as compared to the mussels
at Point Richmond. Although there is not enough a-nfo rrnatxon to be
certa ’.n a-h_ a t the metal was excreted , the informat ion doe s suggest
a - h _ a t regula tmon a - s a str- -no poss ibility. M. edulis transplanted
t T - n ~~~es Ba y from a- :;ta Se lby ~- ‘.er -during a 24-day desorption study
-;a-a-w~ d t n _ a t  a r sen i c ,  cadmi um , copper , mercury , a;’.ckel, lead and zinc
levels dea-r’o_ast’~I (Anderlina- et _ al . , Im ~

’
~’S) . Schulz— B_ aides (1m1’4) ca l —

:‘ui_atemt tn_ at  ~o reach an equilibrium a-mo lead concentration a- ma-

~a- ’a - a - lus ~duji,~~ a t would take .~30 days. This pilot study was not
to ~e’m erana -mme rates - ‘ f  equ ilibr ium of either trace elements - -‘a-

:a--’ l iu tants .  However, i t  a-s an mmportant factor to keep in mind whera
m n terpreta -m oq uptake information a-n transplanted organisms over short
eriod s -‘t ta-me ,

ne a-ot : ro r - Bc’.’-len , 1 ~
‘4) h_as shown “h_ ar the c on cent ra t ion  f a c t - o r  for

a n e t_ a l  a-t ten lepends a-so a -n e anm mal s s’.ze: a-ma Mvta-lus at  was shown
‘ - n a t  conce r,tr ,ar ’ .oras ‘f lead , copper , z a - n c  and iron fell with an
m: m -r” ,as.’ a-:r ‘w.’ a-~~r,t , whi ’,.’ levels of nickel and cadmium remained con—
ar m a -  - T ha- -. p a- lot s t d  t’.~t not address the relationship of animal
;mz e ‘- -‘ -; a - m a - 1~ e bevels since ‘nly one sa-ze class was analyzed for both

~‘t’,’ta - l -~m; ia-ad ~-or b a- ,c mo1 _ a , However , the a-a-ssue’ from other sa-ze classes
w as : r .’s ” r ’.’~’ -t , and a - h a - s  a - u es t mo n could be addressed at -m later tine .

~t - ~di ’s f “ tac oma bal ” :o a-~c,a showed that a- he lowest s a l i n i t a-es arid
or’. 300ect metal ‘-ma ct a - n a - rat ~ns r”sm;Ited a-n t Ome -~re_ ar e~ a- metal accumu —
l i t a - c r s  Ar,mter a - o r m  .“- a ’ ,, , ,~~~~~~~. These rc- ’;ul a - s  nw~st likely r e f l e c t
t or e :‘a ssçr j ex relat’ .  onsnir between ‘, n’.’s a- c _ a~ f _ a c t o r s  a sii a- n i t ’,’ , tenper—
at’ore) , chemi cal fact ors (a-race elements) and the pr rvsmo loomca l  state

~nea-_am,xoIasm , excreta---’n and req’ulata-on).

Ti-_ace el”nent concentrati ons ‘jan also a? f””: respiration rate , and
—n’o s caaetabc ’lmsmn and event- a_all y uptake °f ‘- moe ‘race elements them-
as l’o’s Br-’ wrr and N ew ell , I ~~

‘ . The ~e; r~’’~m- m ‘r, t a ”sm a- a - a t ’ .— >n rates
‘-vi’.’ be m c r ’ - a - c m rm a- about by ‘.a-~h a - b i ’ m ’ . r mi -‘var ’.’ a~m ” a - ’ : a - ’m~ ’ iS  ‘de l l  as by tm rec t
ne”- mtb ,oIa- ,’ a - n h a - b a - t _  ‘am ,

3. ’~ .S P r _ a c t m c _ a 1  Proble ms

The regul’’s - f  ‘-his pilot study ind icate that ‘ m h e use a-f attached or

~‘isz-ermde i organisms -can serve as .a useful tool a - f sufficient back-
rr’-und a-orf--ranata-on as developed for each best species ised . In addi-
ta - -’ n ‘-a- ‘he variables discussed earlier, a-hers are some practical
problems which should be addressed ,

The number a-f individuals necessary for any one station for a one-year
period can rapa~-t l o’ mount. Enough ‘organisms should be transplanted at
the beginning -of the proreca- so that the study can proceed for at
least ‘r,.’ ‘.‘~ ar without transplanting additional organisms. Since

—‘-5— --- ---- -- - —- ---- ~~~~-~~~~~- -
-
--~~~ - ‘~~~~ -5— --—- — - -  —-.‘--- _____



‘- coer e a - s l a - a - t c anro ra - nat ’ .0ma - or’. ta-t ’  mortality f suspended organisms in
a-a- .’ ;_ar . Francisco Bay and the ~~ l t_ a , s u f f ’ . c a e m m t  individuals would have

be use d to compensate fo r  ~~ r t _ a l ’ . a - y  d ur aa ;~ t a-c s t udy . The present
p a - I a -a - ~a- ud’,’ a - aadmcates a-h_ar with the exception of some ~~tals , more
r”r-Licate a-aci d sar~~les of suspended organisms would have to be taken
t mar a -m o~ ~,a- :a-a- s_a.~~ la-ng per ’ .od so su,bt le da- Ifere nce s can be si -cn a- r a -car, t I’,’
tea -  ,? .‘t eat , IOta- a- ’, a o l  ‘-‘me fa a sa - ye_ ar -o r ‘-a-c -ia - mid’,’ , suspended or nina- sms

a-,.’ sa~~oled aaa~a :a- :oi.’ . : f fa-’c” s m c t ~ :I_as-;”’ er.’ use-I per’ s t a t m o n ,
a - a ma - s °‘o ’, ml amount ‘cm -cm,’- m : m i a -  ‘,‘‘. tu_a I -

~ per mona-n, cr a - mo a - m a t ? c_ as .’  00
‘-‘,“ - a - I , s , 3 , a - m o - t a - ’,’ a - tu~m ls ;er  :‘~?.tr . If - r o l ’ ,’ a -  wa- ‘~a-ze c l_ asses are
m~,.’ a- , a - a - ~~a- Id rt’dma .’ ‘:me number to ~tim~- u t  I It’ per ame m m t :m r I ,44a) pci- 

a” a - a -  roz ”s a-n~c Imidt ’ .1 - m a - d a - v a - t o i _ a1 -, ‘r -a nor _ad a- niex , and
: -~~- ‘  I c-a - -:m eana - :_a arm _ a lysis , in~t a .10 “i-cent aas-x ‘- ,il a- a- ’,’ rate, laura-nc

: ‘ .a - o ‘ a - I -a - a - - toidy , ;ubst. _ ant ’ . .sl, ‘au~ ç - l a - e s  ~f re a d a - I m ’  a v a i lable mnusse Ls
—ta re t a r f i c oul a - to a - a - m i d, ,Mussels a-n a-u’ . ~m c access areas a r e

- ‘I I” . ’ t . ’ a i  for b_ aa - a -  ,an.t hai~~~ra- cosa-sumpt a-or ;, ~~~~~~~~~ :crba - cola is
ao e_ aa - I.’ absent fr -°yn areas in t00t’ ~ta I’- _a -~ht’re a - a - ma -as been “o rau~wor . i ’,’
‘I Ie c a - ed a ~re_at numbers art ’ :15.’at f ‘a- a c e ’ .  a- mr,~t . ‘ne •z “ shipped

‘.“ rs eas fo r  ao-j~~ n consuanpta -oa , - To  anpor’- ‘~ “~a- I ~Ju1 is f r - ’rn a reas
I ~~e T’rta.~Iem, Bay w~ mi ’.J a- nt a a-- t u ce mdi’.’ ,:nal ‘,‘,ar a- ,az Ito s , a-n c j a t a - m a -  _a

a- f” a -en ’- a”rme a - a-c :°.-nu l,a t a-on - e c c ,  ,na t et ‘- - - - t a - a -  a - a - e r  , r~
- a ‘a S a- a’.. i’o

a m ’, m m o a- - a-” a-ta-Ow

a a - i o t a - c a l  :cra-Oi.’rs a-- . a- “ i s a - I , , - ; .,l’,’.’-t , a ’,~ n a- mon some sd ma-ions
- a l l  b-c i - o -a - - aes t t ’ t .  There ~a- e ea -aund,em~~ ;m ~ a - ; I a - e s  f a-’.c.c;t’Is attica -ed
‘-0 rote ‘‘- t’-t piers a m a - I ; ‘ ! ta-  a - e s  (- a - a - a -  Icr ‘ :oe :- -‘:m a -r - - m ‘i_a’.’,’ ’ r 1 -iSa -
;uard aam~enca”s) woo . c -a- I I .-o~ ;’

’. a- a-a.’ needs ‘ a-c ,a- j a - ’  r aourr.be r
- a -‘e ar s . “ma - se • a- a re  ~‘ as  a- I , r,ai mae , l  an .; en Fr.mn-: a- mac a- ~._ay ;a - -’~k c -a-u l~i
a.’ a— -a ’ . s” I a- a . m o a -~ ’IIi a - . ’ -  - ‘ m o ‘. a - ’ m - a m a- , —m.-a m a- a- a- ,a .m ’ .m :0 :m~ a-.’ or,~ a-c a—a-_a,te ma - :

a n t  a- a-me mo ‘- a- am , . aa - irt mn- ; :.,’rn a - n :,~a- !~r a n -  a - s ‘O at _ a -’ •m ; ‘-am p F m r F,

a-eon.’ i-i a- a- -a-n s - Th a- - . a l a - a  r0o _ at m ye a- :; “-a . ‘a —~m r” “ x~w’a- :; - ‘- a-ar. ia-a a-a-c

a t a - i a -  • am~ia- a-v .’  atus s” I ; from ‘he 3,i’,’ , cam ’- o.as • a-.’ eaLa -e t f ’’ .aa - oar .’ a - f
:‘r cya-Jin q ‘nuc;se ‘,.; a - f  ‘a:o- -s’n a- - - Il.  ~a- m.an t a- .a :k-cra-u,n ,evt ’ I~; . These I””t, I ma

dd- mI a- be ‘nucn I owta r ‘ - a - _ ac ;  a- ore m ’aati’,’e 1.”,’.’ 1 -an - I the mussel  - , : -a - i l be
a~ ‘- a-” i_ a l m a - i t’:’ c0nce a0tr ,ita-~on “a-, ’-’c.ntern”I e~ he ~a- -a - j’,’ -;tata-ons.

Th a - s  f a c t ’ r  do-ul~l r” iuce ta-me ma-ceded a - - o r  a - : - la -mat a- coo a - ’ ;.alm :mia - y -con—

ta - ’- a - -r am it ‘-a-.’ a - t a t  a-a-r ,s .

~\,‘ a r r a nqe neao ’- m a ll be aoiade - d a t a -  “a- .’ ° a - a t .’  ‘f ma l m f  - i - a m a - a , “o -ara-ment
a - f  -~_ a’ ”r PI?s-’cm r ’.’s , - o t a - i r m o  ~,-O i - b1as-a - i , i fr ’in -ra e ? ‘-he ‘an,a i-a a - a -  the
entr.a l ‘.‘aI I”.’ where ‘- :.o.’ ar.’ ‘onsadere a- a ‘m- .a - a - :~ar.- ea , a-a-~a - ’ccr” a ;nt levels

-of a - ’- ’,-j a- .ana -- wou l be - ‘w m d  a larcie supr i~ a- i be - t a - i a - a - c t ,

The iesa-~ n -- ‘f tore a-’us;-ensaor, racks shoult be chanaed . A fl ‘_ at ’ .aaa
a -a - r ’ r c t ’ ; re  4t tac hed a - c  a-he pier would suspend the -‘roan a sms -at a -a -n a - f ‘ ran
t a - a -” anc” fr-c m the surface and a - r a - e n t  them ‘ - - o  a-he sa me -current d irection .

T h ’ . s  ‘:‘.‘toe ‘f r_ a ck  would be eas ier ‘ a- maintain , and would f a a c a - l m ate
- ‘ o l l e c c t a - ’ n  of the a-~v ’c ex bags . The ‘use — a - f the N~’te x baas a-an be
a- n- ”nsner.ded . aI ’-hcaucTh fewe r c,raana-sms should be placed a- n each baa
“ h_ a r ,  “he number ‘f - ‘r - a -an msrm s r-”r baa ‘used dura-na this pilot study .



The a- ca-mi n i iu.’ of sa - a - a - .,-ha -rag parallel seams along doubled—ove r n~ r~ ans

~ r a - vc—i s uecess f - o l a - mr ac reven t i ng any bags a - ron  s p l a - t t a - n o  open ,
a - * I t m a - ;  the bag ed .~es a - a -  fuse them was t r a - ed , but was not success fu l .
:‘~oe s uspensa - :’r. - ‘ a -  a-he ba-as  on the racks worked wel l , and the same type
-f a - m c~a constructm- -n ‘ a - m a - I t  be -a - s~’d n a floatino support by simply

-;e ’ Ya - a - a -~ the r_ ac k~ a-m o a- a-wa - ‘or a-he platform imic iOw the water level in a
- t ’ : , a r _ a I ,  w e l l ,

T a - m m a. I m s a - - o s m i m o n  b r a - a o c ’, ‘-~o 1 mo nt a- tie many c a-mplex f aa ca - m a - r s  which inter-
act  between a - a - me nv a - r- c ra - rTIera t am: I ‘r a - a r . ’. :; rooc , - °ao . rc  oo,tn-t , a- a-t: c ccn~- I” xa , —

a- a - c s  o f  an ever :,‘ _an ca - nca -  est’Jara-’ with wide m crm ’ ,’ s ic ,m i _and :herTU,cal
mc ’- a-_ a t a- -a-mm ; presents rea l c a - _ a l  Ienqe s f ‘r sarr~a- la - :oca -  d~’’a- a - na s.  - Ira -  t a-c

or ‘ocr nazmd , ‘ -he comp’ex a - c o _ a c t  a - o n  a - a -  a- h.’sta ca-_ara -OPS by attached ‘a- SUS’~
•‘OOd. ’ at or - a- .-t::a-sms ::roova. les -a whole a - a - f f e a - e o : t  a- ac ’ of y-t r a-a b les . lam

m a - - i a - c  ‘f a-mea - a - a-”ndeaa-a”.’ a - a -  c l - a-se thea -a - votl’.’es and underoo 1-a- no periods
f ta - c. .,mama t a- a- i’m e f a - tma r e xposure a - c  :‘o lo t_ a n t s  mmmd - -r ‘- . nva - r ’ m ormroient al

. a - a - a - ’.’a l’,es w a l l  continue t~ be - as e l as m m a - d a - c a t c or oroanisms .
The’,’ ‘a re a-cxa-.mi ‘-‘ta~.’;-am a- te samp lers whi ~- ‘ , vc’ r 1 ‘no periods , Wa - Ii ~ a-n-

a- ‘a - .a- ta - -  I” i_at abase - m a - m m  a - ca a- ney -to am- -a - a-” -a a - a - a- a- - ma - n a -a - a -  lur ‘a 
a- a- -ri

:‘a.i:o a-e a ’ m .”’;s a t  a - s  se~~~re. ~~a - c r e a -  ore , t c s a - ’ a - t c  t ore t a - ff a - -cul t a- es a - m o
i s a - m m _ a- a-’ a- ’c,aI’,’. a  mc ; ‘-es ’- c r c - mama - s in s , ,‘a l-j _ abi ’ a  1 -a’ .o—’-cra -o, I_ a t _ a  ‘an be

m a- - m e t .  : m .  a - - t e a  . a- —m_a,at ’ t : m m a - ;  I a - m o - a - — a - c a - a r  t,a t .a a-acre ‘.‘-i l -j _ a t l c  , addi—
‘- a- - n_ al work .or’ .I I be ac - ‘ r c l m , t o e t ,  T ha -mi -.‘-a - id m m m c l  a t e  -;t -aiy a- f a-a-c
coca -en - a- ta -vs : ;- e I at “ achrr~~ro ” , a- r-”wa’ :o m d  a- ca- nd a- a- a- on mie_a maurements , larval
a-c’.’-.’ I-apaiw nt em o a- ‘c-ar a- ‘mis ;oa-r”;a- ’ :‘ta-ic a I a - a - a d a -es a - f  a - ’ -  ress , Fut ure
; a - - a d a - e s  ma o - - a - I I a-s e ‘ hese a - amda -  a-es f -r a’,:,” ss a- n m-a the “ f f cc t s  of 0s~a - i l a —
‘a--a rts a- uc a -’. is -a - a - ar -a’Oo,a a-des , va ra -ous t race ‘ a l e m e r a t s  and the possible
i’.’r..’ra-’ .st a - c .‘aa-o,t an’ _aoeo r ,a - ;a- a-C “ff”c~’s -f a - ore ‘ouxture “f a - a - f f er en t
p01 Im m t ,a na - a - .

add a t a -  a-n , f o r  ccl ”- ’ “ ‘a- i “ ‘- - ; ‘- ap .’ ’a -’-’a; a- a- a ~.mn Fa-’anc a- aco ic_a -.- , w o r k
a -a -a -- a - uI 1 a’-.’ ‘ - .—~- le ’ -” ‘I ‘- ‘ m a ’ w’a m I a- a - m a - - I  a-a-co s - ,,a- I a- ,’’; ‘f a-~~t .aba -  la -sm , . ‘xc re—
‘- a- -n , .an-t r °-rala m am - as well as m 1 a- e’q m;’’- .a~~t’ -cf v a r a -o u s  ;-‘e” l iu—
a- -into , The r° ‘a-’~~. a- li? I ;,a ro~- ‘. m n o  m’r --’ -a - rams suqqe st “- 1 a - n a - h a - s  p a - l .a-- a-
r” a ” -’ ra- r e f l e - .c ‘- :a-e ‘med f o r  1 a - mm :— ‘- erar studies ‘ ‘ am a - - a - r r e’mm wi th discrete
I ab” r -a t --’r.’ end fa - e li werk ‘- - answer ;ome ‘f a - a - me a-oaes tion s osa -sed by
‘-na - s p a - 1 - ”  ca--ad’, ant ‘- ame I a - ’-e r a ’ -m re .

e -., 
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4 .  :T”~~ ARF..~.S

- - a I a - m m - a -  a- a- a-:..’ a-’ , , Ai-mmay - a - - r -s a- E:a-~ :occ rs - ‘a- a- a- o a- a - a - m -~ a- : .ea” r - , )

“ ‘ ‘ac e ot ~~~~~~~~~~~~~~~~~~~~ a - _ aa -~’-~ ~~~~ - • , ~~~~~ ‘ a-a- F i l m - a -  ot-a; o’ w ,es m L-e ~
,:r—

f ‘a-moae .t ‘at a - a - ’. a-ee s t a t  a - mo ors I c c , a t . a t within a- t i e a ara Franc a- son Bay .  Sacra
a-team a- a- I’- .a “ a- a- ma - . :m a- a- a - _ all o’ , :;c a- a- a ‘a-s mipt’~c a. a- t’al —a- ’ a ~‘ a- 0 a -i’ a - a. •

‘cam a - r al Li’.’ F~” a e ,e Iev)  , . a a - - p a a - n c z  St : - . a m t  Mare laj lara - - t t , and Soisun Bay
a - , ’ ’- it.’ - a - f m ~’d ~ - Fm I I . :w i : o a- - ‘ I a ’ ,m;j ’ _ a a - ’ .  a- m m with ‘ta-c .‘. ‘r~ a. ma - l: o - a a -moe e r s ’

a-,a- t a~a scam!  -m a - a- ’:.’ . • a - .aa~ I m:m a- I a ’- a-un it a - a r t  ~.dma - ,m - a ma - was , er ’m as a- moe
m m  ca - m o ~a .a ’ .’ - , a - ’- ‘a- , ‘:oe ’ - a :  - a- mc -s ar’~ 1 a - : . - a- - ‘ a- ‘ ,‘ -a ’ P r ‘- - ‘ t am ’ .a - m - w as

I _ a ’- .’ I ~a- a- he ‘‘ .S .  ~, e ’ ,” , Em_a m a-.’ Pa-e r tt ’ :- am m ;e ’ 4 — I ) , Ta-,’’ a-’t_ar” :s l _ aa - a -d
-am’ a - ’ , a- ‘ .‘- ‘a was :~ - - m a- . ,.-I -a. a mm, ’ .‘a - a - a ,c ’ a -m o o a - a -  m - ~n of - mm. ’ im-. l _aro ~a it “he
.~.s. a - - ,~ 

a- ;a-a-_ a : a- P a - c r  a F i  .701’’ 4 — . .  ‘ ?a ’ o r ’ .  ca - m m.-aI a - , ; ’ ’’ - : - , c : , , ’ r. for
,,tr ’.a-::-: ’a- ‘-::e &‘n ’- a e l  Bay -d,t:j ‘ - t o , ? !~i’ r ’mc’ ,.‘ -.- Pa - .’r - T a - s  a - a - e r  a - s
• - a- a-m e :- ‘ .~a I m a -  .i:o 1. ,o a a r ’ a f ’ ’ i ’ a - ’ •- 4. I a-.a~~m :m: a - a - i  - ,~* ‘a-O m m a - a - ’ . m . m .  ,‘~.So ,
.t - ‘r os a - t,’r,la-a le ‘.‘r’Iume t sm_ all a - , —aa m a t  f : a -  a - _ a -  - : . , a a- a - - t . ’ ra -m ,tm c -a - ta -ia;

a r ’ ~.a - Ta-me’ ,ase ‘ m moc a a t m . ’ I.’’.’ P :e ~ : Ca - , ‘a ,.tmii i a- mao - . ma - . ’  a- a v e t  a: o:m om ._ a s s —
f o l .  T’m,’a” were w o a-m,m ’ -r a- r- -b. ”mna-~ a:,s, - - a - .t a- ”t -..‘ a - ’- n -..ara; t a - m oo at t:a~
1-e a •.e .,’: P m ’ ’ia- • Wu v a ’ - a - ’’: a n t  ‘.‘and al m : ;a - — ’ . A me ’ Ii I.e - I t ’ . -_, - - - o a - ; a - , , mm - a - a -  ‘ a - a - i ’ s ,

- a. . “a r .  a - - ’ a - - a ’ ’’;” am. a- a- I a- a -- a - . ’ - ’ -  a- -or • 3. :‘a- ‘‘ _ a~~ 
- . a ‘‘ : -a - I ama _ a -‘.- _a- s a- . - * .‘ - - a

a a- a .,i m a . t a - - a -’ a-’ , .el~ .‘ r :m - m “ ,ara o i a - :. -: - . m ’,’ fa - r  ‘ m m . ’ -p00: al  a-.a -; , s:,-’’.’r,

a - a - a ’ .  a m a - a - ’ ’  - I— ’ . A i’’ ’- a a - l’’ - m m, ’ - c r a ;  ‘ . -m m -a - a- .~ a ‘ ma - ; - -ar’~ _ m : .  m .m ’ ,’ fo l l o w s .

4 , ‘‘..a a- ” 1-; 1 t am I

As a- - ‘ -  -. a- above • a- ma- “ - ; ,ma— ~c- I a - na - — a - ‘-to.’ 1 ‘- - m i I . - a..a:. “a- a- - r maw’-i ‘ m m ‘- he
‘‘m a- a - .;, a- I P:,’~ a a - M.aer’e : s : - a m o  I , A l l  - aaa’oi ,’ a - ;  r .,-t ’- e ’ r  oo .ary m and
;,a- a - a -  m’a’mm t ‘-a’.’,a 1 a,m ’ a- a-sm :; ~-io a- I “-a- ’-.’ I a- a i” • a - m e “ - -of ~~~ p a - e r .  TI.”

a c a - v a l ’.” and Autw’a -cn Y_ a a -ta -5 we r4? -a .m ;, - m am,  s a - a l  1.’-t ‘ a - a - mi ’  ‘a-am- I ot ‘ moe p a - e r  -

?em- r’a ;”rm ’- .’a’- a - ’,-” water a- e r ‘- ama - ca-a - - - a m ’-c’ r” I I-a - a - a - am. a- sauç I _ a m  a- a n t  ma - .’ a - - a - t ot a- f
m m’-’ p a-e r fr--ama ‘m oe a - oa r f.m a-ia of “ moco .~,a or ‘ar” a - I l  a- st rated a-n Fm cc mr e 4 — 4 ,

- ‘ac ’cc:; ~ ‘-he o - : ’ -’ r- a - :  ‘- ~t .a I l ,~ r,, , t r ’ . - c e rI and the a t r r ” t a - r ’ . a t i ’
a- ’-’ : a- c! .a r_ a n :as ’ m,aJ a- ‘ ace’ ‘ta t .a a- roe-I fa - --in ‘- he~ ‘~.j’,”o’ -r a- c- “ ma -h

;.‘a a-aai- I a a m - m-a- eff r ’- . a-” of ‘-a - mi ’ a- a- .’r f-a - - a - I  a- ’ a- .’-; a - s r e s t a - m a -’.’ a ‘ - - ‘-he
. ‘ .as a- , ;a-’ a r -a- . A :-a -mamX a-.’a- - ‘ a -’ -t..a za-’ a-c a- e r i m ; a- a- ‘; ‘ a - ‘ - h -c p a - m r  afl a- L. s .’r ’.’ , a t .a - c’ns

ar_a Ito b r  a- moo a- am,e ;,‘ aa—~- Ia -n a- .‘ f f - a- ” a —,_a’ .- ta-ave ;- -m” a-n l”’.’aa.-cco ‘- - “he a-ma t_ a
- I  1 ° -a - ’- ca - I  a - am , ‘ -Q a - —.s - a - f  a r ’- a- a-h-i-:’- a - a m a - a -  - d ’ o ” - ’  - or . The a - cm - b s e r v a t a -  a - a - s  are

I a - 3 . c ’. isa - c t b e - w ,

A -! “ a-’ o rus a- a - a - a - ‘r,ia- i a- cebrnaakca- was a-a’ -‘c c a- a- n ‘ -he eastern -ma - a -co ‘f  a-h to pier
a - ma - a was a- res e nt a - mo r - ’u -a -h cm a - “ a-;” a - a - - ; j ’,’ , A - ‘a -ma st ;uar I rca -c ’ ;,’ v p s ’ c o l  was
‘c,ateI -a-, a-mm. ’ western g a - a - c -f ‘-he-’ ; - a - ” r m  a - h a - a -  v esse l was f requent ly

;se-i , -and was cbse rve d a - - a -  Leave aa r,d r c a - m a - r n  a- a--a the ta -cc t a - a - a - a - n c -a ll four
a-amp l a - n a -  e f f - ’ r ’- s .  The pa ’ n ‘f ‘- a- ,’a’,vl of a-I’m ’ .:; vessel and ric a- -in a rea
wa - Th a- a- -~~ - ‘arI a- ‘f ‘-he Site fr -a -rn .~a - ’ m a - a h  sa irç l” s wer.’ c o l I c - a - t e d .
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Tura-n~ a -mo e ~4—m s a -ur sançla -n~ ‘a - a - f or ” , a- Ia-c ~~~~~~~~~~~~~~~ Chester Harding
made hourly p _ a ss es  a-n a - I a - s e  pr -o x a - amta - a - m ’  a- a ” the p ier ,  The ship was con—

_a i red qa -n~ - ‘ pe r_ at  a- or. a-ta a- ho Nap_a Rive r _aa -d was Iisch arg inq
a-he sao’o a- t, s a - m a - t a -  a-he s hip p ira -~ :a-,mormme j so utma - a - a -  ta - a - c  a - - a - e r .  The Chester
Hard ing was .t l :.~o obse rved :c-ra-~Im a - ca - ’ .:a - a a - s a - n a - 1_ ar dredqmm mo aja-erations do ra -ma - a
a-ti e seo.a-ra-d s_au-cling effort ,

There was a- a -rosa- Icr_ abl e ::ra-vate and rni Ia -a-_ ar ’.’ boat t r,aft’i: -observed a - m a -

‘a-he shippirma - a - mm aanorel , w a - m a - on  a - s Located _approximatel’a-’ l)~a- yards frorn
the ~a-0’mi ~‘f a - a -re pier.

4.  . P- -’’~~ :ha-c-_ aa -a-a-a-

As a - s  a- a-me a -_ a s e  at Mare Is I . , a ra - i , a - ;L’ Ia - c - ,%a ’ a - ’a S S  a- a - a-he Pora- .~hxcaqo
M i . a - a - _ a r ’ :  Base a - a ;  rost r a - c a - e l :  a - a -  w a : ;  necessa ry a m - ’ mba-ci a- ma- pe r’ma-sslon ta-a-

‘a- m o t o r the base ama - a - c r  a- ‘ .a-,a..c:-, -a,aamu- i a - m o o c f f - ..’ rt  . The -; .ar~ la - n q  a-c- a- the
ma - a - l o t  ~~~~~~ w a_ a ‘—o ord u , ma - a - ta.t a - a - a - a a -  ‘-he P.S. ‘~mav’.’ B_a r ce Pa - e r  I -c_ at tad a-

‘ - a - -a- c a - a - j O ~- a - . a r A am - a-r.bi’a- f ve s sels wer e mas~ored a-n ~- rox a .na - t~’
‘- nta- sar l.m :a m a - a - p, dma ’- :a -4aa - ,’% ’o a;ea- of a - a - ;  r e s t r a - c a - a c - I  I - - a -- ta - ion, no

vto~~m;el~ : a m l I miS s w a - a - a - m a - m o I ~‘_ a: - - a - s a- ‘ - m a . ’  omamaç - .e :— a - l l ,’:’-a-c:m ar— a .
‘ mo ‘c ‘ - ma - .  a - - cam • taow e’.ae r , t a - me ’ ams—o rem. ; Nay - ’ a- :m qb camat I a - .1 1 c a-av e ma m a - I return a- c
a - a - s p a -cr ‘..a- ma.Ico a- aampl a- ’ mo w_as be a- mm -a - a - a - a - i d a - a - ca - e d.

The :m” i a-a-m a- a - f  a- moe a- -a - er fa’ - ram ‘- a -ac wa r mer , e s t m a a a - a a - e t  water IC)a t’m s, and
..o- ’_ at a - mr: a-f ’-moe ma -a - v-a .’.’,’ am -a- a- I Aufwuc’flg a-ma c a -cs ar’ ;. r . ’ sem ma - e- I  a- mo Pa - c a - a r c  4 — 4 ,

4 . 3  Ta-’a- .a a mrre :a- I .mn l

The :;.aa-c ’ l a . na -  a - a - ”” m Treasure :s lmand was I - - m a t e d  nra tame P..-4. Navy Fue l
Pa - er  (1 15) a- n a- he ~~~~~ s m - I c  a- f a- a-a-e ’,s l _ a n a - t , F-thU.’ access ‘ a- a- a--re pa -er
was r ns ’- ra -, ‘- ‘ a - I  mna -i ,aa a a -am., :-cr~ a - a - a - a - a - r ,  ‘ a- enter ‘- ta-c ani ’. m a - a a r ’.’ base I’m_ad t o
a-- .’ a - btaa - aa - -’- -I a mr a - -’r ‘ ‘ ‘a- ,a- h s,ar !a- .;n-a- o f f a - r ’ - The len cath a - f  ‘ne p a - e r ,
‘- moe i a- s t o r - c o  of a-he pa-er  fr—ram ‘-he w ater ia - ore , a-he -a - a - s tance - a - f  the
water :--aIurs’r sas l’.nc a - a - a - c fr-a -n a-toe snore mind ta-me water ora-lumn depths 

—

it the’ area sai~~led are a l l - us a - ra t e d  in Ficaure 4-5. All  water colug*’a
‘ .a r ’ les  we re a a - o i ’a -ected -at the end a - f  a-he p a - e r .  Samples f- o r a-he eva l-
j_a ta - ’n a - f  a- c m I ’ .a -~apntg had ‘a - c be c o l lected - a - l oser ‘- o shore . )ifficul ta.e s
cr.:na;ntered w a t h  sube,e r -ie’i a-b”mc ’a- s at the end a - f  the p a - e r  r- ’css and
pa - I a - a --a - c ) :- re’ .’e r,ted a- he ‘-‘ 11cc -a - ion a - a - f the core s ta -a -a -n this area.

.‘~ Sse l a - r a f f ’ . c  a- n ‘ he iur~ d a -ate  v ic in i ty  of t he sarr lina site was
-abc ~ r’.’ a-I a - ’  be la - .crht , A pair - a - f  moora-no dolph ins located a-uw~ediately

a - n f r -a - na -  o f  a - to .’ pier prevented vesse ls  fro e maneuverin g close ‘- -a- the

a - ” r .  mo l m’ ma single vesse l was obse rved “ a- use the pier for mooring
;-ur~~-’ses . Tta a - s NavY ruel Bar~ e was moored on the east side of the
ma - a - er a - u r a n .c  the second th ra -aj~ h the fourth sas la - .n a e f fo r t s .
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5 . METHODS AND MATERIALS

5.1  Field Coll ect ion Met hods

The methodo1o~~,’ a-f the field collections for each a- f the tasks speca--
:a -ed a-n ta -me - ‘.or~-s of Engineers ’ Scope of Service s dated May 19 , 19’~
a-s tescra-bed be low . These tasks and the various dates and sites of
co llect ion are sume~~ra- . ed ia-a Secti on ca- . Sam p les were de lm ’j ered to t a - -re

. ,a bca - r mia -~- rm’ f~a- r analys is a-n the sa me day the a- ) 1 l e a - a - a -  a - cm os were made .

5 . I U  a- I1 ’a c ’-_ a - — - r a  - f ‘~_ a a - e r  C~a-lumr , P ’a - la - ’.’ m a - ia -’ra - m mmatea --t B a -p h era -y ls a- PCBs)

A a-ia - m e ca - a l ’.’ a- a-a ma - ’- r’a-ca - e--i pumping s’a-’a-t ein. mms-’dmf a-ed f r - a -ri that described
a-am.’ An de r la -m-a - a - .a-a - .al. (1 a- ’S )  • was employe d f — a -  ‘-he a -n a - i tu extract ion of
water a-,I -rtmim PCBs . This system , shown a - m a - Pa- gure 5- 1 and 5-.:, con-
s a - m ; a - e - t  ‘t _a toa --~tm — - ’mipaca -t ’a-’ vara -ab le— speed .‘ ra - sa -_ aIami c pump , capable of
tel a-vera -moo “-‘1 arie s ranging fr—a -a “ 4 ,  ‘- . - 454 1.. a - a - a - a - a -a-a- a - C o l e  Par,ier • “5 4 - _

a- ) , a a -a s— ca -a- were I AC :ere’r,a a- ‘a- , two —f ~-a - -a-cot ions - a - f  S I ’— a - n c h
.D. f ’ .exib le a - a - a - I’a’va-rr.’l -a- a - I. ‘ride - Pa -C ) ‘.‘,ac-u-un tca -bi a-a, a p_ ai r of st_aa -,n—

l~~s s steeL a-a - I ,arans a - . : —  a - : m c tm a- ,,a , x 20 a -ma - c a -me ’ :, • ,aca-’a a- a - na - .aa- am, a-na fa-ve
a - m a - a-r.-’Ier.m ;a - ” ’a-’ ; - - Iy’;r’ thar.e Ic- an  ~‘ -uqs - 

‘~ - a - .‘ a-ramb ;n et volume ) and a
‘,— a - n a - n  stee l .‘ m a -~~’c ” r ’- frame -ie s a - a - a - ne I a- a- hol I these P’P “xtr sctors
f”Slocuur ” sa mplers) a- or ‘.‘erta - . :mi l p o s a - t m c m m  a - a - .  a- a - a - c ’ water  col-orrva .

Pa - a - - a -  a-a - ‘ a m a - a - :  san la-na ~~~ a- - a- ’- , f - a -mb a-a-a- a-: I a - m a -. were ‘a-xam.a -osr’ mvely
ex t rac ted  .an - .I I )aded a- r it a- a - ne ol-usvas as i cosc ra - Led a - a m Section 5..:..:.
A sta imol es s ~t ecl ret aine r -.‘-as ‘-a - cm -. a - mma - ” r’-” I m a - ‘ne’ a - t- ’t -a-C -of ‘macn
‘:a - l -.imn a -- ’ ;‘re’.”na- ‘ s s  f a - a - c  p l ug s .

At ‘- a-me s_ar im :oc ~ma - co . “-a c-a-un ‘- -a - b;mm ,~ was a - a - a - t e d  a- -a - each of ta-toe czaluus’t s
a - am.  a - a - a - an, were at a - .a a- - a-med ‘-o ‘-he ste e l fra me wi th  sta in less stee l

hose cUmps: ‘-mm.’ ‘tssermtb lv was a- hen - ‘werel a- ma-t o “ a-me water .  ‘~‘ac’ouum
tubing f r - a-n “ a - a - .  ~~.urro r was a - a -  a - ’ - co ’ I ‘a-’ a t ,m a- ’ - ,r’ m’ - ’a-,a li br at ed flo w meter

a- Umaia-na- c F-IS  I ) ) .  PVC “ a- a -b a -n r a - eads f r -a -n each flowmeter were then
connected to ‘a -he p e r a -s t a l t i c  p-1ma ~a- va - a  a polyethy lene wye . Sam ples
-we re :col Iec a - nd sa - usmala -ane c-m a -s ly aa - ni - 1 - Iepa-n. A pumpinq rate a-f

~ a-’.L mmu a-o ’,a-a- e was mai nt ai ne I f~ r bach a - f  ‘- tIe a-columnS . Forty liters
we re pasa -~e -d ‘-ma-a -a -wa -ri “ ach c - o l ’ .na-rr. The rate -a - f  f low was regulated and
balance d ta- a-’ me ans ‘f a - mo-I. a - mo e a - h r o r a - l a - a m .a- ; - la m ps located on a-he upstream

‘a -a - a-he pump behind a - a - me fla-m ,wmet ers ,

Approx imately “
~~ na-nutes we re required for sample collection . Sample

‘- -‘lume was monitored by -c o l lecting the water a- n slibrated collection
vessels as at was expelled from the system. Each collection effort
a-mo -aal uded the slack after—ebb tidal staqe . ltpon completion of
sampling, Slocum samplers were wrapped in aluminum foil and returned
‘- a- ‘ -he l aboratory .
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5.1..: C.a-jlection of Water Column Trace Elements

Co l ecta-a-io -‘ a -’ wat er for the determination of dissolved trace elements
was macca -a-a-mpl a-shed using a peristaltic pump and a u .l—meter section of
~lexa -Lle ra-’c tubing. The tubing was attached to the exterior of a
~~. I-me ter  sect ion of 2-inch d iameter schedule 40 PVC rigid pipe ; the
assembly was then lowered into the water column to mid—depth. The
sample was collected a-n a 250 inL acid- leached teflon bottle and sub-

equeam t ly preserved w ith 5 mL concentrated , redistilled nitric acid.

5 .1 .3 Co l ec t a - o m a -  a - f  Adda-ta -orr.al  W ater  Column Ia-ata

1mm i dd a - a -  a- a - m a - a - o  “a - a -c a-ojlecta -ons made for PCBs and trace elements ,
.ma - s a - ’a - o  te ’-em r mma a- maaa - a- a-a- ::; -f -iisso lved a-x’~—a-c’n a - ) .C. a- • :;a l i a m . a - a - y ,  and

e ’~~a - era a - - u r . .  we re a--ude and wate r sa m ples were c a - a - l I e - a - a - e d  for the jb-
a - m a -  ‘a-- ’a- lea-era-aur a-at: ma- nitr a te— ma - a - a - i m meaa -na -a—mmi a-r- ’uer ., sea-ticabje

‘ma - m a t  a- I’- ea  mI le sal a- -da; , i mm a - I I ‘r a - - a - r I - a - t a - t a - -, 9e.ms:a-r”nents of ) . C .
mm .,I a-’a-t’m em a’- .a” were r iaa -±e w a - a - a- , a ‘a-’a-~~ a-&’-te 1 5~’ x~’a-a -e ’mc a-ic ter; sala -m ;ia- ’.-
was te’.’:— a -mm u- 4, - a - sa - m -,-a - ~ 

‘i1a -~~ ~¼’de l 33 ~~~
“ a~ra - ”y . Pa - a - -a -a- a - a - saa-rçla-ao q , ‘- :a-t’

x’; a -em -a - a n t  an- I a~C’T -me te rs  we t ” - a l a - a - ira -m a - c - a - - a -s a - a -a - a - a - a- a - a - a - a - m e t r i c  methods
,a- ’-ama- .tarl Me’,m ’ds, l 4t ,a- Fd a - a - i - n a - , ‘ a- a-- ‘- :oe determa-nata- .-o rm of  aa-a-~~ na - a—

a m a - a-. a o a - t r a - m t e — n a - ’ -r ‘gen , a .:- ‘Ia - ’-.-r a-.a rmpl e w as ~a - a a - I l ’ - - a -” e’ -l f r - a -n mid—depth by
a- a-~a-~ Ta- ac ;maa-amp.e .~a:. preserve d ha-’ - a d - I a - t a - - n  of  2 a-nI.. con—

-e r ma - rI ed - ;uIf - a - r: a - a c a - I .  A second sample was co l lec ted for  measure—
~~na - - f  -a-e ’ - l e a O l c  and ao - n fa - I t e rab le  sol ids; t his sample was moot

- a -- a - e m ma - a - a - mall- .- p re ser’.’eI. A 4 a -  .mL sample a-or turbidity was collected and
preser.’i’-t w a - a - m m  I .. -

~~~ a-f a 40 ; -:. mercuric ahi ora- -de solu tion . All

~-mrç1es wer~ -a - ’- ‘ r ’ d m 4’ -T’ ur ,ta-1 -iel a- ’.’ered to the laboratory .

5. . . 4 ’ I ..’ ’- ’~- a-r, ‘f Suspended Varta-,culates - Trace Elements

‘ a -  w aa -” a - and suspended part ic ulates was acco mpl ished us ing
a p e r a - a -’-_ a j a -  - a--imp , a ~~. i-meter lengt h of 5/16-inch flexible PVC

‘ - — a - a - - a - a - a - .  a rm-I a 14 - I  a - a - e r  hard glass (Ka- max ) carboy . Water was a - cl Ic a-ted
a - mm “he same a-a-manner as that for determ ination ~,f dissolved trace

~‘.“meaa-’- - a-~~a- ’- a - ,a -m - , 5.1.2 , above)a a - a - was pumped --tirectl’0’ a- ro t a -a - a-he carboy
m ’- an a -na -ma k e ‘.‘eI a - : : a - y  a - f  1.2 m,second from mid—depth.

The am-a -rap a-am a ra ’-e was aleteranima-ed I: a ss -a - n a - ma -c a specif ic -Ora iva - ’ -  y - a - f
. . “ a -  a - ’ r  p a r t a - : a - a - l aa-~~s a - n suspen si on ; an intake velocity of 1,2 mnjsecond
‘ -amen ~~a- ul - t  be suff i::.-a mo t to ensure collection of particles - a - p to

nicr-’rms a - am la-ameter Ancierlina- et a l . ,  ig is a- Shelley and Kirk—
~a - a t r i a - k, i’3). ‘The flow rate wag optimized before sample collection
‘was begun ; a - m a- ” was aletermined as it was lurina collection of water
col a-r~ a- PCBs.
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5 . 1.5  C o L 1~~ct a-on of Sus_pended Parta-culates — samples for PCB Anai iysa-s

A a - mea -a - a a - a - v e  pressure pumping system constructed of stainless steel and
;1,mss wama- tesa-gned sp ec if ic all ’ ,a- f o r ‘aloe collection f suspended

t a - a - a - - a - l u t e  PCBs . This system , shown a-n Figure 5-3 consisted of the
pea - :sa - a la - a - :  pump operated as a vacuum source , an assortment of
1 4-inch :.D. stainless steel tubing lengths fitted with S’16— a -nch
- ;,a- -kct- weld threaded fitt ings (Typ e 316 , Duhig £ Co., Inc.) ,  and a
ape-:iall’ .’-mnachined vessel plug fabricated from soft steel. P ra - o r to

- ,mr~a l a - m a - a-a- , tubing sections were assembled to the lenq-t h rea~ua-red aa r,d
t a - ’ -u a - m :’ I  to the plug. The plug was a-riserted into a- he ‘urb~-y and a

-,e i l  be a- wt’en a-he plug and carboy effected by use of a ma-eo; rt’a-t’ “T”

a - a - mm - a - a - a - a - a - e d  a-c the exterior a - f  the plug .

Ta-me pa-rap was attached to a vacuum-tight fitting on a-he plua. The
ar~~”:’ was evacuated and a-he resultant pressure differential

: m a - ’ma - ta - m a - ui l a - , a-) . . ” kg,cm ) was su f f a - c i en t  a-_ a- ) Ira-ma w water a - a - a - a - .’ ‘a ’a-” tm -b.~~’ .

Ba-- a- ” - a - a - a - I - ut ion ‘a - f a-he pti~~ speed , f low ‘.~e io :c a - ty  was ad~~u : ;a - ea - i  t~~
1..: a-a-. - ,e : - ’ra-d . Thus a-he water sample c a - m a - a - ma c a - c -a l  --‘rio’ pre—washed steel
ama - I a - i a - as s - Ta-,’r- 4— l i ter a-urbn’.’s ’wea ” f  :~~~~~~

- a- I a - ma - • a - a --’ ma- a - a - a ma - am e r . F’ - all
a - a - a ; ca -a - I l e a - a - a - a --a-n . :marb~a-a -’ s were covered wi taa- aj ’Jm a -m maa -mrt f — a - I  -am a - - a- a- a-un:; —

:aca- r’aea-at a - -a-a- ‘ -he laborator~’ .

S , : ,.- a-~’a- I a -m a g ;‘ ~r a- a - a - -a-l,ates — Tr,a a- a - a  F’I~’ma-me nts

‘‘wca- PVC ° -o r ” m , ( . : ‘a a - ma -- a -a- a -es I . 0 . x 22 a - :a - c a - a - es lon-; ) were ::;e-at ‘C’ a - a - a -i lea - c a-
-; maa -ma - :’ le ; a- ’ n ta - aa - n a - ra -q set t la- raa-a- pa rta -culates . The apparatus used , shown
as semmm b l .’ l a-n Figure 5-4 consisted ca - f the PVC cores , a polypropylene

a- he-a- k ‘.‘uI’.’e, and various Ieam cths - a-f threaded pipe . The check valve
wam -~ -ma - a -- a ched a-~a- a -h e top --‘ f the a-or ” ; sect: - a-’r.s - ‘a- pipe s-uf fa - a -’ieflt a- :.

Iea - aa - a-o a- a- reach a-he sedi me nt /substrat a- ram were then attached to the ‘ a - a - p
a-f “ .me a-cck a-’-’m lve, and the assembly pushed through the water and

a-mo e substrat’um , As the core was removed from the sediment,
O I - 5 a - r c  of the va lve caused retention -a- f the sediment core and over-
l’a- ’ a - n i  mw ,a a - e r .  The cores were then stoppered and taken to the labora-
‘- cr” , i~are was taken not to disturb the sediment during transport .

I, ” a,’ a - . - l a - nc  Para -icul ates — PCBs

T’wr’ ;‘am a- :a-les s 3teel cores , a 2-inch l .D. brass check valve , and
3 P— ”aaLa - rtS -‘a - pipe were used to collect samples for settling particulate
PCBs Fa - a-a -a -re 5—4) . The procedure used for collection of settling par-
‘- a - ca - a -i ,a t~ s for trace element determination s was also used to obtain
samples fa -r settling particulate PCB evaluation , except that steel
c-’r’s , rat her a-han PVC cores we re used . Cores containing samples were

a-a r -a - u- a - rot a - a -  a-he surface , staoppered , stored upr iaht , and transported to
a-he luh—- ’ r at ’ r ’ ,’ .
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5. 1. -~ ~eda-.’y~~ra-t Samples a- a - a -  P mm ” a - - a - Ic a~a - . a - a - a -  Anal” sa-s

ca-cl ime nt ~- ‘r part a - a - I c  - a- a - c e  tr m .al sa - : ;  mwus a-btained a - ma -  a - m a - c  a - a - m e :a-a-r- a - m ac
a- a ma- - :e- I-a - .a-a- ta- ~esc r ;a-x’ ’. a - ma - a- a-c a - . a - a - ev a -  a - - a - a -, sect a - ca - a -. Ta- a - ta - am a - alys a - s was pe r—
a - a - rm nta- a- l  by w e a - - a -. a - e ’.’ a - m a - a - ;  a-m a-me , c I a - m c m a - t  s,m a-m~~~ta- ‘ - m a r u - mm , T’:’ ler ia - eV t ’ s of “ a-a-e
m a l l  w a - m a - ; am~~s:, -a - ct ’ s : - , ’- , 3 . 42 5 , 0 .250 , 0. :‘O , a- . 125 , 0 . 0 7 5 and

I’- 3 “a -a -a - r- ’ne’a- a- ’ m - a-. , Ta-a-c a- ’a- :,cla - c i re ;: :- e sc ra - a - ed  -a - s : ‘a-i -er-a-a- and ‘-jrm,ulat ,ve

--e m- -e mm a- we a- :m’.’a a - - cl- -a - a-ce ma t ec a - - r ’ - - -

5 .1. ‘ ~‘.mm a-r-jl -~-mma - :a- .”-;

T’~a - a - a-’ -’; I a- - m a t e  f,aw-mal a-.a ra-~- Ie:, were ~ ‘a~m a - ma - ta - a - i  tur- a - m a - c  • a-a - c a - a - a - s t  a - na - I  lust
saa-a-ç 1 a-ma -a-; “ a - F -a - ’ ; a - a - • - i - a - L S a- • ‘a- a - - a - ‘ma ns a- “ :a-’’ - - r - ; : a : It’’.’a- a - ta - - k ’ s- ’r a- red

a- ‘ma- 5, 1. ’ . Ta-it’ s.m rç’ I t a S  ..-
~~‘ to pa - - a- - a m ’ r-’,”a I a - ma - —m a - ’ ’m - - em, ’- Lu t a-ta-red

ra-—a .a-am. .a-oo a-a-~ I - ’ ta - a - e m c - I ..‘- ‘ - a - ,a - n .  m i - a - a - ‘r ” ’was - a- .-’ :ma-ca - ‘-ma - a -a- - a - a - a - mm
ma- i - a - ma -il Sa - ca - ’ - t ’ma- :, -

~~ ‘-m a- .’ I L a -w in a - : a-a-w a- i a - a- .a - ccs m 1. -), ~.5 and 0 .2 5  a-a-~a - m .
Ta-mm ! a ma - m a - a - a-c’ .a - a - a - c - i  .‘c m- ” a- Ie ’aa a - m : o~I ‘- . a- ‘-a - a ’ ’ a-west ;.otms ablt-’ ‘- IX C a -  and

5 . I . I  ~ a- ’,’,aI’.’e T”-’~-

T’w~’ ;;-.’ - ’,es a-f : - a - -,’il’ct’ -; wem ’’ ast’i ma, ‘ m ’s ’- - r-a - a m oa - ,a -a -a s a - a m ,  a - a - a t ’  a - a - — I l,
-“ - ‘ - a - l a - s  - a - a - I-a - I a - s ama- i .-a-~~a - a - - a - l,a f l a - a t a - m m o a ,  “i. ‘‘ia - la - s n a-as a-i l.’- a - a - e al f m- -mr
‘ a-m . ;- a - cr ’a - t u l  c - a - c - a - a - a -’- ‘ a - r ’-m m - a - a - : m ’ a  a - a -  -ma-a ’m-’a- I ~ma- rebr~a- ar.-. 12 , 1~~” 0
a - P a- :a-r” 5— 5) - C. a - I . ra a - m a - ” ma .a-a s - a - m a - m a - a - c a - I  a r— a -n Bales ’ B a - m a - a - a-a -a - a - a - a - a- am.
1.-a- a- a- a- - mm -am , a ” a - m- - a-ir--’ 12 , I ‘ ‘ a ‘- mom ’ a- I a ma-’.s a- ra-’ a- I, •a-c’- ma - a -I -- ‘ r , m - ,e prev i. ca - a - s

a - a - .- a- - ’.- - - a -a~~ a - r a - a - m a  .mm’ia-w’rs F r -ta - ‘- a-a-c ‘4”-’ - a -- i ~a - ira - , mi . Separate sa-m rm l a - na

“a - f - a - ’- we re —‘.a Ia- ’ a- a-a- mm. ’ a- ,ma - a - m a - i’~~ a - a - a - -  S,~ a- -ma -~’ua-r. Pu.’,-er Del ta  a - mm an
a ’- a- “ a -—a- ‘ - ‘ - ‘ - - 1 1 ’ - ’  - ‘ -  C. a-I. :mi imm e.a . Ta- a ’ ’  ,cs”nce of “a - a - a - s a-rca -a-es a m a - a - i  “ a--a- c

a- , a- • a- - ‘ma- - a- mm ” - a - - t a- - a - ”  a - a - a- a- ‘‘1 ‘- ma- . a a- -;p.’ -- a- a-a--a-e ra -; a--a-e ‘ ba - a ;  ma - c-i  a- i- a-a -n
- a -~ a-~’: a - a .  - :  aa— r’*’ a - a - , - a -  a-a-, .Ia -a - -a - ro a- ma-e m a - .  a~ ’ma’ :a- I-.’ ~a - , a r v a -’c ’ ea-I ,

a- ‘r a-a- -a- ma - a-- - I a - m m - I  a- a - a - ’- . ~~preseaa-’ - a - a - a- a-’.’ “. cd ui a- a , tma - ,I C. a- Iua-maanea were
l~~.;’,’er .a-  I ‘- a- a- ‘ a ”  , ta-a ~i - a -~ - r’ ,’ ‘- ‘ - a - a - a- a - a - a - m a -  a - ma - i ’  a - ui rcf. rcaa- :e data a-n trace
‘a -l ” ma-cma -’ a3 ir a-, ~ 1~ ; a - - ta - ‘r ‘- a - a - e l 1. .‘xp.- ’ s a - r r’ ma- -udics .

P”r ”m Th a - a- ma-a - ’. A ‘- - ‘- al  ‘a- -~~~
‘
~~

- ‘- - r Faa - a - ca - a - l a f’,-;rm ’a-a-neaa were a - a m sta l l . - ’ a - l  -at a-he

~-‘r~ ‘h a - a - i a --i-- . - r a ~ 1 a - mm -c a - a - a - a” a-tm F’cfa - ra -- a r ’.’ I.. I9”a - . These individuals
‘~~~~~~~ I a - ” a - te-I a - a m a - c  ‘- w a- a - c l a s a - ” s  a- - -,- l ” mm -; ” a - o m 2 a - .)  ‘- -~a- ‘. a-a-i’m and 4 a -~~, ‘-a-

‘-5 ,) -a-at , S ; x t - - ’ — f a - ’.’c a - a m d a - ’.-a - Iual-; a - a - f  a-he crmalle r size cla - iss and 35
i a- ’ l ; ’.’ a - I’uais a - f  “ ma - — ar ;e r a - r : e  a ’ l mass  were a-~ia - a a-e I a - n each a - a - f —a -ai r  Nv ” ex
a - ama -as (15 -at x 50 -

~~~~ , A f a - f t h  baa, - - — n a - aa - n im a -q 50 •f  a- he sra-aller a-i-ira-s
a r t  2 5 - f  a - m a -A a - m r cer -was use-I a - s p r - a - t e c a - a - a - n  against -iaIMqe or loss of

a- a-me - a - a - a - e r -a -. Ta-a-” fa- v e a-a- a-a--a -s we r” secured ‘mm -a wooden rack 3 ,” at x 1 m)

a-a - a - • -a - rn was a - a - xe-I a - —  a-a 3 ~— a - a -ch a - v I a - a -a - a - Ia-ne arid suspended a - m m  ‘a a--a - e
-~-a ’acr a ’- r a i a - t - a - i ’ ’ r a - h. A 4~a- ia- - “at-ca- ’- anchor was -used ‘m a-a’ hold a - a -a-c racks
a-n p I m a - o . A i -a - i  Icy t a - r ” a - I — -- l  w a - ’ - h  po i yr r ra-pvle ne i a - m a -c was attached to
e a c h anchor t r a - o r  -‘ araa - a - a1ia ’ aa - j n. A ;c i ’ -’ -a Io ’ n—su s pe nsi on rack was
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atta.ahea -I ‘ a - -a- ne ~~~a - a -  :a- a - a - a - e  l a - a m e  am a - a - I  a- ma- c - i a - a - a - c m -  l ta- a-m ‘a a - ta - a - I  - a - I f  ‘a-a- a-c &
,ta- a-~,a-~~ea-a-. a-o ‘a- a-a-c a- a-er (Fa- a-’-a - :c “ — ‘ a - ) ,  ‘c a-a-vera-’ - - a - rae rmaa - a - i ’. was accom—

- i by a- •‘ ‘- a - c ’.’ a- mm a- ; ’ m :. ’ I a- a - a - m a - a -a - a - a -ma - c a-a- a- it’ a- a- a- h~_~ we a- ~t-a - . ~ur i a - a - a -a -  each
- a- ‘-a-a-,: a a - - m m ~ arr I a - a - a -a-a- c a - a - - a r t  a~ a-ne a-a- a-ta -I w,a:~ rca - a -v co-I; ‘- a- ma - r ick and re—

—a,a a - r . . a a - - : - : ; m a m m a -  ~~~ we re  a - a - m em o

.s I.~ a - a -t - F a - ’,’m’ aa-u:m ,ira-a-d a-’~c a -  a - l a - s  “-l a - Ia - a-, were lj ~~t’a-I m a - the
21rcma:. ,a -mm ’ ~~~~~~~ a-. ,t m a -t l a - : m c  S a -  a - ta - ‘m , 1 . - m a - I l.’ , l ’ ’ , T a - a - a - t a - a - - l a - mmaa a-e a- a--ac
• ta - S t a - a - m a - mamm a- a- — m a - , m a -; a- ma-a- a- 1,m r lm’ m m ia- ma- F ‘a - ’ m-r ,j a-; was I a - - m a - c  a- a - a -- Mare

I ,a-_.’a- d ta - a - I P m ~ a- a- - mac a - -a - a-a - a-—r am a- a- - a - maci -.m a -~~ .a- a- a- - m. . 1) , al a- ,adda- a- a- a-a-r.a 1
a - a - c — a - a - p - m a -’- a - a to I_ i ’.- a - m a -, u.ti’a-~’l .‘ a - a - , ;  wa --u. a- I - - - ‘ a-cr , : • was ’ :-,cr’ o f- -a -ta - :o a- : a- ca- I a - a - a-

m .ua-a -t ’  ‘- a -a-,’ ~ r amam ma- a- .ma-’,s a - ’ ; a - a - -me a - a - e l - I  I a - a -  a - a , ; ‘ - a - a - c  f i rma - a - . .-a ’aer ;- a-a - a - la - a - ay
l a - m m  “ a - a - ‘a-’’- , ama - - I ‘- a- —‘.aa-’o’ a - a c I a-a-al ‘a-a- i, I.’a-a- a-, a-r, - a- • a-;ose a-t’sa-

- m ;.ama-a- a-.m’ms -.om’m” ;a-’e- % a - ’ - t ’ m -  ‘- a - , m’  a - a - m a - m a .  ‘ ‘l l t a - - a - a - a - - : n - a - .-a ’- ’’r ; a - 1.mla - t’.’ a-a -a -mma-Ea- .cS.

A ~~~
- — Ia’.’ a - a - ’-.’y’,’ij between the a - .ma - .tl 00,1.’- -’- a - a -mm - a- a-d,j a- a - ? r  ;a-c.a Ia - . a - ’a-’
I” a, ma ma - 1 ‘ ta - a- . .- a - a - a r m  • a- ,m ’a -ms .a-i s - a- c I -ma me’:, ‘a ‘ a- ma-me a - m a - . ’  a-V -i. .i’a- . - wa -abl . ’  in

a- It’: ‘- - S - -m-’l I” ’ a- ’ ‘- m a - c a - m a - -  c a - a - a -  a - m a -  - a :  - a- - a -  a-_ i r a - - .’ — m a - a - -. - a - m a - m i ’’ -;:,m ’ - a - a -  a- a - m a —
- ma - -,.

Ta-m m’ “- a - . . a-.-.’ re a - I  “ -cm,’ a- a - a- F ‘-‘p a- a- a- - a- a - c  a - a - a-wa- a - . taa - a-i  I a- -.‘ a- l ot  a - ’- . ’- - I -‘c m-
a-; • .a-a- ” a - , a- . ,’-. -.‘ a - , a -  - loss a - a - a - a - m m  45. 7 , 4 - a-) _a - 

‘ - a- , a - a - ) , )  ‘- ‘ a - ’  a- . a m a-I

“ a-a - or • a - a - ma - r ” m a - . i  . - ‘ - , 70 ‘—a-a-a- - T’..’.-’ m a a- -a- — a- a- a-’,’ ‘ ‘ ~a - a - a -  a - , . ’ I - ‘ .a ~ :a- , a- a- — a-mm

‘a-c lar ;e a-a- m a - a l .r ,a l Ioa-,’- a-c .m s : a - e a - . , a- - a - a~ ~ 53 . we re - a - a -  a - a - a - --
15 x - —v ’ ‘a - - a- ’- •’ x : . a a-.’ a- 25 a - ” a- “ soa - m ’- mat a- ‘.‘es fm -a-a- ‘‘ad ; F ‘ :.o a-We

a- I l _ a - a. ; :.a- - ; a-;.’ S we’ a- ,a- a - a- ’ a - a - a • a a- ;” a- ’ - na- i  b.a - - a- . F a - ’,’” a- a - a -a-a -a - , a - a - ma - ’ a- o I a- i a -a -s

— ‘a -  a-” a- . -a - : ‘a -ma - a - — • - a - a - ”  a- ac’ -  ‘0 a - a -  :“m a-a- - ce-I a- . - a - m a - a - r a t  a - a r ’.’ a-a ma - ,a l .’s a- a,

“ - a- - a- a- ‘ a -  a-mc a - - a - ’.r ;.i m a - ’ l a - a - m  Ia ’ ama -s . a-mm -i ‘- mm. .’ f a - f ’ - a -  ‘- a . m a -  a-:.” I a - a - . ‘-a - a t ’
‘ a - y ea - mt  a-a, ’ . - r La ma-m.a- mm’ • a-a, a- ma - -,’ - f ’ a-,e a- a- a-’ . m’s. Ta-it’ a-~a- t a-mod a - a - f  a - a m: .  —

- “a-a -sm -r, a - a - a -  I a ” ” m a - m a -  ‘.‘-a I -.ca- ma- as Ic a -- - r a - a - o -l ama-~-ce I ‘r a-,’. 1 a- ma-t a- a - c a ,

a- -’.a-a- m-” :; . a - a- a - ’. A ’ ’ a a - ”  “..~ a “ - a- I a- ma- -a - a- - 1 . a - a - - a - a - a -  a- .-‘ , a--a-c’ • ma- ‘.~~, ‘‘ a- l a - ; I a- -a- - i ra - :
a- wet” a-j a- ,a- I. Ta-a-” -a-’a-rJa-’m’r a - F  a- a - a - a - I a - c ’. I-a - a - a - I:’ - a - a - Z n  - a -

c-c l I.’ - ‘- a- ma ia - a - I tm ’ a- a - a - a -  l a - m a - a - a - a u  “ a m a - a -; a- m a - wer” a - a - a - l . a - a - a - a r  a-bed - a L a - ’ ’.’” I - r

- a-’ I a- • a- s a - ma - - f I a-at : a - a - ’ ’ -a a ’ Tm ‘‘- a sur~ 2 - ‘ I ,mra I - ama-I P a- ‘ a - a -  a- - - -a - - - a- a - t a -S
- •  .-.“.-.- . Pa - a - s - a -  ‘aam’sP a - : . ’ - a - os  were suspended fr - am -rn ‘a -a-c SaTa-W I a - a - c

~ a- ’- a - a - ~~~ a-’ I..~~~~’.a- ‘- a - a - . ’ . a-we r ‘ma - :rI - -a- f ‘ a-a- c ‘w a t ” r  “ I a- r’m -ar t 2. a - I a -a - a - a - i a - a - ca - a
a - am ‘- a-c ;pr.r ‘- a - - ma - : la -T t - y . ’ r ’  a - a- a -a-c s , a - a - a - a - t a - a l l ; -  m m a - s ’ a,a Ic- .a- a-, Y’— ta-r’a- .ar’.’ I., .
I a- ’ a- , ‘-a- r,a-i. ’-me ‘- wra- a - - -a -i a- -a ma - a-f ~‘, “ I a - l a - s  - ama - a - I amm o La -a- a-a- - a -  C. Il a - m a - a - ma - ca .

-‘af ” r “- i a - a -a- .am ~ - j; n -7 ‘ - a - f l  - a-a- , ‘a-or ’-”‘ ‘- - I;-”—’ m nd x ’.’~ -ta - .a l a -  —I  ma-a- ’—~~ a- m
‘a - l a - l a - a -  a m a - I C , a - l a - m a -ma - c - a a - a -  - ma - “' ,a-a-h a- a-:” -c l -ass were a- ar r ’ a-

~”r’,’e-l a - mo
a - m a - a - a- F’a - xmaa - ;-cn a - a -a -  a-aa -a-b se a-a -cr ,’ - a - a - -a -’- - - ‘a- a- a- i l  —o’ - a - ; a - ’ n a - n a - a ,  ‘ I m a - a - o r a - ’ m a - n m ’

a-’ a-a-- a la-i l ‘-‘i ’-” .

5 . I . . l  A , r a - a - f a - . : ; , a l  . uka - s” m- ,a ’a-e (Au fw’uch

Ar ’a a - f a - r a - a - I  -m- :L-s ’- r - ’a- t ’-’ t a - ia- em ma- wnr~ a- I e r a - ’ a a - a - , al a - n ~e~~~~ta- a - a  • hosc  des—
a - a - a - a - cl a-’,’ Pa- ram ’ ! ( I ) 4 a - , Fa-ur r.a ’ k a -s were instal led at cacti - a - f  he

‘-hr”” ;.ara-~ l a - a - a -a-i ; a - a - ” s  t a - i r a - a - - a -  ‘- ia - ” a - m m - c !’ a - , a - r - l ;a - - a -- - “ I f a - r a- . ‘~wn a-f a-he racks

‘“a-

~~~~ -~~~~~~ “~~~~~~~ - -‘~~~~ 
—



a-—- - a- a-~~~~~~~~~

we a-c F a m a - a -  a- a-t ’ . ’ I m a  a-ca- .‘ . a - a - m ;  Ic - a - s  ‘ccl • ‘a :;.’ • a - a - ‘m ra- ’ ’w a- a- a- m a - e m s  wer ‘ a -  m m - a - a - a - I ,.

~- ex a -  a- I,t a-, a . A .  m a - .a - ‘- s  ‘a-’-v’ . t : , _ m a - ’ ’ a-a- 4 ..a - x 14 -( a- 4 ‘a- I ci a-L aa - e ’~~ai a-m

‘ a-a - al a-m - a - l~- : ;a-,;a-a.’a-a .’ F a - l.a - sm , ‘ a - L ea-’ S  a- “ :,- , : a - a - l _ i’ a e  . : a - a - ’ S . ” Ta- .’ a - a - a -bo a-,
(~~~m a - : , - a-a- a- a-c ‘a - — a - a - a - a -a-a - . a -. ) ‘ ‘ a - a - - - a - a - . s !  • - a - a- ; , ’ I - m a -  ‘ - a - a - m a - a -  m a - a-l a -  (st aa - a - ,l ” ’,:. -a - ee l

a- i a- , ’ , :‘~ a- :~~~ a- a - a - - c l’,’ , a- a - a -  ‘—ia-’’ - a - I a - a - a l ast a - _ a - a-- t a -- ’ -, , )  , Ta-a- .’ m a - a - a- - ’ a - a - ,

t a - t a -  a - a - a - a - a - a - ,  are a - ’ ’ a,a-a- a- c a - I  a - a ;  t a - a - -a - a - a - ’ ’ ’., a- a- ’ a m a-a- I a- — — a - , a- a - a - - a -  —

a- a ,, a - .al ’. a- ’ , a - m a  -a-a a- ‘- a - a - .- -; ar~- I a- a-a- a- sa-’ .’ , ‘ a- ;, ’ ia - a - mc’ ma -a-a -a- i, ’ I a - am a- ’ a- ’ ‘.‘.‘ a- .‘ a- ‘ a - w a  m , m ,i ’  - :

a - a - a - l.’ a-, - a - a -a.’ a- , a - a a- c ’- a - m a -  5 , 2  ‘ r’’m-’.’.’ ,,‘: - a - a - ’_ tn ; a - a - . a - ma - t  ‘ a - ,  Ta - c a’a-et ma - a - a - -a-l - F

a - a - a- m a -’: :. a- ma - m a - , I a - ’ ’ ’- a- a - ’’’,’t l a - a - ‘ a . ’ a- . -  m a - a - a- ‘a-, - a-a- - ‘ a. ,’ a - t a m-i’ - a - - a -‘a - a - a - a - F .a - a - .- -t

a- a - -a-- a - . -, ’- : .t ‘. a- . a- • 1< ’ - -- —‘a _ a . ’ ’. ,:. - cm ’ - a- - a- a - - a a- p a-’ It’:;.’ . : m . ’ - ~
- a- s - - a - aa - . ’  I

‘ a -  m ” a- m a - a - a  -;‘Im’ ,’a-c m a  ‘, a - .  — a - . ; . ’’ .‘- , i , a - 1 .’’.s a- ’ ,’.. , 
a-
. .:. ’ -.a-,a - , . a - a - .’ - I  a - , . ’ a a

II a- - a - a ’ . . . A l  I a-.- ’ ’m c ’ a -a - - a - a  “ ma - a-c a- a ’ — a- a -— I.~a- ‘ a - a - . a- mm “ a l a -  a- a- - i a - a-- I

-a - ;t ’ m-’ a-’ ’ a- a - .  a- a - ’. “-‘ -a - ,’ m ’ ’ra - ’.”’i I - c a - a - a-- a- :  ‘‘a - ’ . a- a - ‘a-ac a - mm - I a- ma - I a - a -- a - m m ’ :a

a- a-a — a- l . a - a- -a  - ‘ a - F m ’ - ; : ’ . t a - . a ’,- ,’’ a - : . .

5 . 2  :_a- :. m a- ’ a-: Xm m I , ’ .a - a - .

5 .2 .1 ..a-.a- ’.’m i a - a - - I ~a a i ta - l ” m m - w ’ a - a -’ - ‘

a- .’ t a - a - a l - a-,’” a-. a- a-m a - ’ : a - ’ ’ a- ’ . - a -” -~- m . ’ - , - w a - - ;  c e l l ’ ’ ’- ’ 1, a - m a -  a-Tc a- l a - ,

a- . -’ ’- .“ . - a - - a- a-a ‘. :‘‘‘‘:a- 1’’ t ‘ ‘- I m a - a -  ‘- a - a-~’ 1a; ’ a- m a - ma- ’: . : A ’ m a a- a-a - , a- m a -  a- a-.a-,im

a- -a — - I . . a - a - ” j I a - ’,- F . I . a - m a -  m a - a - a- . .’ ’  a - ‘ ‘ I • a, a- ; a - - a - a - x , m m ’ a -,a ’ .‘ I -,’ ’  m o m
a - p _ a -  a- ; ’ -: . a - ’ - a a  — a  . ‘r ’’ a . ’ - a a - . ’ ‘.‘ c)  • a’’ - ’.: -a - a - a - I l ’ ’  ma - a - ’ t a - a - a_ _ a -  a-,

a - a - a-. ‘a- .’ a- ’ a- a- a a- a- - a - a — a- a- . ;—’ a-a- F -  - a - a - -  - a ’ 44 - 
. a - a -’ - ’ - ’  I ‘a-” ~-c m ’ - a- a - —

I ‘.‘ ‘‘ma- a- ‘- a -’ ’ a-, - a - .  a- - — Ia - a -’ ’ I , a - m a  -m - . ‘ - a - ’’ ’, ma - a - a-x I a-:’’’- 1, - I  ‘ ‘ ma -  ‘‘ -a- m a -’ a - , ‘‘a-- ‘a-

a - a-.” I a - -- ” Ia -” . I a-’m ” w a ’ a - a- m :  a- ‘o -a - -a- a-— a - I a - a m - ;, a-ip;r -x ;r’,a’.’lv ~~~~~
“a - I l  a - I ,‘- “m ’-; a- a -”  t a - - a -’ a - I l ”  I ‘ a - a - ’ a- a - a -  a - a - a - , a- a- ~ “ a -  ~~

a-p m c  a m m . - :

a -a-a-; .‘-  -a - -‘‘-m a-” a-; ’ - a - - . a -  a-~ 
a-a
-
’ -, • a- “a- a- a- 0 ’ - a - ; a a - - x -.a-—a-.a-~ a- ’ 

S ,,’ I .
a - a ;  a- - I a - I ’ a-- a ’ a - - a - a -, Ta-’ a ”mma - -.— ‘ ‘ a - a -m ’ m - - a - I a-F .” ‘ - -a ’ e a - a- a - ,a - I  , ‘-a - a - . ’ - a - a r’s ,c a - waS
a- a • .. ‘ a-. a-a- a -a- a - a -a a I — a -  a - a - a - a -’ - I a- . ” .. a - I  ‘ - a - ’  a- “‘-a ’” I a - I ’  “a - a - a - a -  

- , , ,  — a- ’ a-a - , .m ma-
- -  - a - — a - a - a - . ’  a~ ‘ a -  “ I ; a-ri’ • “a - a -P , , w a - a - , .’ F 1 ‘- ma--a ’- m- , , - a a - ’, I; a - a -” ' I a-, ,-a-r~~.”’, we r’a-’

a ’-” I — a- a- ama - a- a- x ; m— i’” I- : 
a-’ ‘ . a - - a - T a - a - f l  ma- ‘a-. ’ a - m a a ° r  -; a ma -- I “al a- ama - a;:: ” a-, - a - a -

a - a - _ a -’- • “m”a- “ a- a- ’ a -m a - F - a- a ‘—a - a - - at- a-at a -I ‘ -.-.‘ . ‘‘.‘ a a - a -’ - a - a- ‘a-

A.l ‘a -I ’  —w ’ma-’ -
‘ —“a - ” a- a - a - a - a - c a- a-” ’- ’ I-- tr’ ”r’a- a - a - a-.’ I a- ‘ a-’ a- ’- ’l ;c -a -~ a-a- a . a - ’ m - a - - ’ a  a - a-m-

- a - , ,  a
- ’ a- - r’v’’- a-’a- ‘wa- ’h a a- a-~

a - , a- a -  ‘- -- a -  a- ’w’ a- ‘- ‘ ia  -a -cl 3 a  - Ia- a-- a - a - a - i c — L a - v a -a-a rm ~
; a -.’ ‘- a - -” aw ’a-”r,

‘-a- I,’ I H A ma - -a; m a - ; ’ ” f , r ” a ‘a- , a : ; a- a- .’.’ Ira - a-le and ‘a-
a
-’ I I—a - ’ a-i ) - a - ’r ‘ ,an~’ la - ma - - a -

as’s’ -‘ a-a- . A , I I”'’ “ m a - a - a - a - a - a-m’ a- - m a - - a- wer— m a--ta - ’ w i ’ -  a-a - I~~a - a - t e r  m - ~ aa-m — ii- - ’ a - a-,a a-: v, a-r-’ta-n I a-

‘4’ m- a- mm”: was Ie nr’a-a a- ma -c a-I f - a - I l  ~w a - ma -a- a-aene ra-aF a - -a - tm -. a - a - f  ‘a- he a-~~a-L I  (e lemental )
a-;’.’ - a r sa -a-- r m- ’- a - a - r a -  ~ a- ~~~~~~~~ ma- ma-a AP!~A , ‘a- ’S) . Aa - rs e na - ta-a- na-I a-e len a - a - a - rn

wer’ l.”'c’ a-’ r”~~ma-c l a- n -mr a r a -a- r - r .— aa - ’.’- I r- - ;” ma- f 2 a-a-irme - ia - a - - a - er m a -ma-~a-’ a - ; m a -a- f m - a - a - a - a -  “he
;a-ir I•’ as ‘- a -a-” ;a - - m’”c;’ ‘a -a- ’ :”  ‘.‘ “ j a - a a a - I ”  - a - - I r a -  a - c c  ‘‘ ,~a- . EPA ,
‘-a- tat; a-a -— , -a - a - a- - ‘ — a - a - a - —, - a - - ’, -~ a- , i~ a - a - I, a-r, I ma - a -  a-emel wer” -a -m ” .at”a-I w a - a - a - h
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-‘- -a- --- - - - - —- - -‘- -— - a - - a  -— — — a- ” — ’— - . - - -‘—---— - ,““ -“ -a 
-— .  —- - -a  -— - - — a--’ - . — -- -

a-- : ma- a -I a - , t a - a ; a - a-’ t ;’a: ;a - a--a - a - ; ,a- t z ba-a-a- a- a-a t ,a -  ( A ’ La - C ) • ‘.hc ,a - a -a -e ’ la te extr a -ac a- ted
a - m a - a - a-: ; L a -a~ ,a - , — l a - s t a - a -  let mm-va-,’ a - . .- i  a- sa- a-b a - a - a - a - -I ‘a- - a - a - a - a - ma -, and subsea-ut,’nt It’’- cr—

a - a - a - a - a - a - j a - a -  a - a-’ :, :, a - a - a - a-k’ a-a- ’, a - a - ‘ “ a- a- ma - a - a-a-u ‘a- - a - I a - a - c a -  a-~~ 1 t a -4uOts  of the om a- .mia-a-a-’ ; a-;a - a-,~

a- ma - ta - a - ‘-a -a-k’ a - a - a- a- ’ ma - a -’.’ F . m a - a-,mce ,

:..t a-~a-a- a r” a - m a - e l  a - :m ‘ - r i c o  e lement Ia -a -a- t’rma - aa -n ,m t a- a -a :: ,  -w a-m s cleaned ~
c ra -a- ’t a - la - a - na -s ly

a - : a - a- a - a t a - a-~ a- o: • m- .a - - a - n b~ t a - a - r. of .a- nalvses ,  Cleaninc , was
a . -t’ .’ . a-~’a-’ r a -a- a - a -  ‘ w a - a - a - a -  a m’.or’taa-al tap wa ter a-Ieterqen t a-Alco nox) w a a - a -h a - a -a -a -a - a -.

A a - ’ - a- ’: ; “ .“ a-- .tI .t; w a - a t o m -  r i nses , a ma-na-mum of three rinses were ma-aade
.w a - a - ma - Aa -a -TM Ta-’:- .’ :.‘.a-a -a -Ora-t water. ~~~ i I a -’wa-ng a - n a - s  rinsing, .m1a i~’.mr”
.a-- a - a- . ‘.“ a - r ”a-I , a - a - m - —  ‘.a - a-a - ’ ’ I . and s a - -a - ” : . ~

‘m a - a - a-m- m - a -  use , labware was
a - a - a - a - .’ I w a - a - a - ,  .w,a m a-’v ’ a-I , a - ”  a- l a-s t i l l ed  a- - .‘ ‘.‘ nitric acid and tm -a - ca - a - a-m a-a-

la -’ast ‘ ‘ a- : .a-” • a- ma-a-m s a - a - a m ,  ASTM T’,’)’e reagent wa te r .  Type I a-~a’.’r was
a- - I - a - a - ’ , a- a -’,’ a - ,a a - ; ;,:, a- all—- a - lass t a - s a - a - l l e d  water through two mi xed—bed

a- a -a - a - “xa-’ma- .ara -a-or- ; • a- ca rbon— -tbsorpt a- ca - a- fi lter and a 0. 2 2—a - a - t a - c r r a a -  a-a-membrane
a - a - I  ‘“a Ma - 1 1 .  a - a-- a - a -  ‘a-a-s , Ma- U a-pore Ca-a- a--p . ) .

5 , 2 a  -A a - t I~~,,~~~a-~,, of  P~~~ych l a-’ra - r • a te a - t  F ’ ’.~~Ia-enyls - P a -~ 3s )

~~~~~ 
a
-d ” : ”  - ‘a ’c ’- a- a ‘“- I a - a - a - r n  water b’. -:s ;ma- a- a “ SI  a--a-un ” sa~çler , s l ;a -m:; t l ’.’

—ia-a- l a - I a - ”  I a - a - - a -  ‘-‘a-a ’. a - ” a - ; a-’a -a - fa - ’ e-l ha-’ Pa - seba -’ a-’a -u ca -h eta a l .  ( 1 a - ’ -’a - a -

a - r m” - a- a - .%a -a - •’ a- .ma” a- . a -  m a -  , a - m a-a a-ca -a-ta -ned ‘.‘a-a-) iurme a -f “ ‘4am a - a - a - b a - a - a -  a - er ,t a - mTa - ea- e rs
wet” - ‘x ’ - r t  - ‘ - a- ’ I :.‘a- a-” use wa - a -n a- a - ex am a - a- a a -’e a-a- ” r ,e ( I  • I), I a- -a-, ’- ; l I. ’a-l a-a-
m aa-a- . a - m - a - a- m a -~~~; a - c ‘a- ‘a-t ‘,‘;‘m’, , ~a - ’ . t , a - a - a - a-m Sa- ’xa- hl e t  extractor. P a -a-m a-a- s were

a-a- 1..’ 1 a - a - a -’- a - a - ” —a- ’ a - a - a - a - less steel sasçler -c a - a - M a - F a a - t a - a - a -ca- only  staa -a- :a-,”ss
.‘ .a-’ e , m a - a l a ’, a-a -a-a- ma- mat a - mm ‘ - a - :~ process. Samplers were qenerall a- ’ a a -r ’a-a-’a m”?d

am a-a-a- a-~,re ‘a a - a - r, a- rm .’  Ia’.- a-a-e’ f a-re use and openings were kept covered wa - ta - ;
a l  , a t ;a - a-a-;m- a- a- a-” ' ’- ” a - a -a- a - a - r b erm”.e ~)nta ,a runa :- a - n ,

a-a- a-”’ .a- - ’-a -‘ ‘- aa- .’ I a -aa -a-a-’’r a a - - a - ’ - ’ . a I a- a-c wet” “ a-c ’- a- j a - ’ ’ - ”a-I a-a- ’.’ a- ” I  I a- a - x a - a - a  wa - a - a - ;
a-”x a-a-ma ” , a - a-” ’ ‘ a - m e a - a-’; ,;- ‘aa ma- I e a - : ; - a r - a - ’ a - -; a -TIa-” a - a - x t a - a- - a - a-a - ’ -  was a - ” - I a-a-; ’’a- ’I wa - ’-h a

a- ‘‘- -am a- ’: “ .‘ a ; ’ a -a--a- ’- -r ama - a-, ‘a- -c ’ a-” a-ara- - f  a - a -  a- f m — ma- a - a -  a- ’ - ‘ ‘- a-: ‘- a- a -a- -” a-a- . ‘T a-a-” a - ”
•‘x ’- a - a  ‘- a-, wca- r”a- a - I ” a - m a-” a- a - ; a - ’ a- ’ : . a s a--i a- me ‘ a - a - a - —a-l a - a - a - - m aa - a - a -,’a-;’.’atc I F ’ I - r a - , s a - l

a - -a - l-a~va- . a- a-.a- ma- a- a - I; a-.a a- a- -a-a -a -. w a - a - a -  a- a -r’ l a - a - a - a - a - e l  ma- ’ .’ “l t’a - a - a - r  ‘a -a - — a- - a - a ; ’ !  a-a- r ,a- -a-as-
I a - a - a - a - a -  -c a-m r _-m-a. ’a- - - a r - m a - a-m a - ’ - ’ ( FIC— ~~.a-. m a - c a - a - - a -  a I -a - 3 -a t  x 4 rn :Ia-a- ss ‘a - a - i  a-mr.
a-a-a ‘cc I wa - a - ma - 3i a-’,’— I - a - r a-t ‘ a - mr - a -a -- i— s -rb itT’ . ~~~~~ a - aa - ,ila -a- ’a a - ” c  were performa-med

a- a-a- 1”:’ a - a- m ; a -” r ’ .’ : S a -  ‘ma a -a- AJe l ;m;e , r- a-”-’crm,ar,. .;a- ‘a-a-er Ia-..it”ra-’a- ’a -ora--es ,

5 . 2. 3  S - a - s j a-c ra-dea-i Pa-a m- ’- a - a-’ - a - I . a a- °s

a-” --; r’a-”er.-i: er ta -Ia -max carboys we re used - a--a-n ” ,aa - n sample s from which
suspended pa-a r’- a- a-- a - l a-a ’- es wet” ‘ - a  -be extracted . Two were rinsed after
w am a - ;m; - ; a-w a - ’ - a-a-a- a - a -

~~~a-a-~~~a - a -~ a - a - a -a- red a-a-s ’ a - l i e d  m a - a - F r : -- - c : t  and two were rinsed
w a - ’ - t a -  a - l a s s — a - l a - a -” a - l l a - ” - l  a-a a-a-”’ra-o . The ‘- ‘dr :-a - i ’.m - s hell  samples ‘a-a-m- be
a-am a - a - l ’-Ze - l I a- ‘- a-- a ” clcra-ents a-ra t PC’Bs , respoa-”a-a -v ” a -l y.

— - - —
— ,__,a-a- a-a-a-a-

a
-’ ,a-a-.,~~~~~ a - a - -~~- --’-”-— --a - ‘a - ---— — - a -—-a-’a-~ - _,a-,a-,a-a- ,.,,a- a-a- a- ,a-a-a-a-a-_
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Pa-t m - t a  a -a - ’a - la t e s were m-c ’ a-mia-a ’.’ma- a - a-l a - a - ’ a- a-a-a-’ t samples by a - a - a m a - a - t a  a - a - uc u s —f a-a-a-w a- era -tn —
m a - a - a t  a - a - am .  ,is F a - I l  a-w m ,  : a - a - a - a- a- c r ‘ a- a-a - t a - t ’a-

a
- ,a-t a- a-Ma- , a - a - a - m ’ 5’,’ s a -a-ca -rt was r :a - a - sed  with

a a - i a - m m I ’.’a- ’a - : a- (.tca- I a-ar ,a- a-a-’C ta- ,a - a -a-t’ ) a-a~ a- r a -  m m - a - a r c  f a - r  the , a - ma - a la - ’ s a - a .  ‘- a- be per—
a - a - a - a - mw-i (t r ,aa-e e lements a- r PCBs) -Ma- seda- mented part ic les ;  the conta-a- :u-
a-u~~l;’- a - .a - a - a -,a-t et sample was ptimpma-d by peristaltia- pump a-a t a- predeter-

na - m a - ca - I  ‘ie la - a - c a - a - a - ’,’ tnIa-oua-~r1 a- Beckman JCF Z conta-nuous-f lcw rotor with
a - a - a - a -c’ a - a - a - a Beckman -.11 a - era - a- a - a -  f’ a-qe ; each sample was

~
a-u~

-
~ ci a- mar -a - ma - a - ;  a - a - m e a- a - a - a - m a - ‘hree a-a- a-me s • and ~urin q e4 a-aa -a - pas s • pua-a-çina-a- ,

rate t :ma-I a- a -a - a-r s;a-cea-I were ad ‘usted a - a - a - sediment pa rt a - a - a - i a - ms a-I a-l it a - f e r e n t
:~~a- ’.’.mIea - a - a - spher a- .’ai I:,ar ’a-a - a - . a-’ a - ’ a - .  Ta-mu m, , Iua -a- a - ma - a - a -  “Pass A ” , at 500 rpm

t a - a - I “5-I a-am . a - ’ a - a - a - a-j a - t ’ , p - am - a - a-~a- :es -~~ equa-’:.a-a - Iont a - a- l a - a m a - t ot e  a-- a. a-rester a- a - a -a-a r, - a t
am 4 a-a- ‘ta - a - a - s were st’ a-a-i a - a - a -’i e a - c t c d m  Fur- a - a - a - a -  “Pass ~~

“ at l -~
’ a -rpm and

“ 5 a -~ a-ma-i, a - a - a - ma - ma - a - a -, a •ia-a- a- a- -lo s a-a-a-ma- a- ’wa - ma - a - ma - a-a-u a - t a -a - a - a -  and 4 aa-u a- a-a-”- a - m s ‘wt’r.a-’ rer~sa- ved;
a- a - a - - i I- a- a - r a - m a - a -  “Pass a-a- l’”, .1 , -a-GO r;’rt t a- -a- cl 4 - - a—,La -a-mua-a-ute , a- a - a - a - a - a - l o s  - a-
“ :a - a - a - ’.’-t lea-a’. a- la - a r - v a-,’- ta - a - a , a -a -ma -a - ‘.-wm ’ta-a- . I n a - c m - -  -a - a -  ~t a - a - a-l - . a - ’  a-a-a- a-, r” ma - s -we re removed

a-a- I a - am a- a-a- ’- a - I , , I a-
a
-’’

Pa-t r ’- a - - a-,m1 ,a -tc’ s we re -w a -a a- .:a -m’a-l a-at a-a -ore a - -a - i ’ s  a- a - a - : -, ‘T’,’r “ I reaqera-t water .ama-d
a-eama - a- a- a- m a-.’ a-, a - a - a - a -  a-’-’p r a - a a-ely a- : .‘,aa-a-mm-t :1 .ass a- a - la- a-a - -a- .s a- r a - a -a- a - ’ -  I es , su per—

- - a -a-a- _ a - a - a -’ Ia-’a - a, ta - ’.t.’a- I • a- ma -c .‘ _ - m ; a-a -’a- ” a - a - t resuspended a - m a - a- I ‘a-ne a - a - a - ”  a - a - a.  repeated.
Ta-a-.! r”a-;-ul’ - a - ma -- a seda -aa -ca-a- ’. s ’a- a - a -  a--’: was Ira - c a- a- r . a-a ’- ,ma-- ’.’a - I a - i  ,a-ss -a - a - a - a - F  ,a-~~a- ,e r
a ma - I  sea- a - a - - c a-l. Sc’~~;Ia-a-e ‘ a - am a - -a--.’ ama - ,aI - ,-a-a-.’d f - a - a - ‘- a - -

a
-m a- ’.’ ‘a-lernents was wett ta - ma-i

a-w a- ’ a - a - Ta- am” a- - w a - a - c r  a-ama - I a-” :a- a- I’.’ a - atm - a - a - a - ”  I w a - ’ -  a -‘a- a - a -am, a- a- Ca - a -ta a - a - i t  ma- a- I a ,;  - t a - a-.’ acid for
a - a - -a - - a- -x a - a - a - , , s t ’ ?  .‘‘ .14 ma-ca--a -I rs . Ta- a-c t a - - mo-a - Far ” wa s  a-m-a-,a-a - -t m’ ‘a - a-, ‘.‘a-a--’l a-a-a-a-me a-am-a- a-l elements

I” a- “a--at ; ma- c a-I a - a -’,’ a a- — a - a - c  a - a -  - -‘a - - ’ r~ a- a- a-a-n . a-’ tue a- a -a-a-a-m ’ -a -m ;, a - I - ‘ a - c a - i  a- - a-- PCB a-a- ca- :a- —

‘ca -ma - wa-is “x ’- a - a-a a - a-’- t’ a-I W a - a- a- - a-. ’ ‘‘a-c ra-e xane , “x ’- rac a- ; rea-l-a - a-.’ : a- :-,d Pa- ’ia-s ;a-ar—

a- ’- a- - m a -ma - I a - a - a -’-, a -a- a- -~’~~a-~~I’!~a-at “ :a - , ’a - . P ’Pa- a- — “ r e  Io ’ a - ’ a - - a t m a - ’..’a- a-a- a - - v  Ea- ’—
~~~ ,a-5a-I’ as

Iesa - r : I ,a’e t a-b. ” ,’.’ .

5 , _ . 4  a- e t t l a - m a q  Pa - ira- a- a-u l ,ates

P.’mm a - m a - a - a -  seda-~~ nts ta -a- a- I se’- • l a - a - a -  pa r ’ .  ; ,a - a - a - l .aa - e  a- .a-a am~a-les Were a - a - A l a - a -a-a- a - a - ed
;; ma - mmm -a-a-ltaneousl ray -- a m - a - a - a - -a - as Ie’a- a- ’ r a- b ed “la- ;.’wIa -erm ’ , ~-~~‘,‘a- ’a -nyIchI a- r ;a -te ;r’.’C~
cores were washed and ra-m ’a-sed with 50 r’er a-era - ( ‘,‘ ‘.‘)  m a - a - t a - i c  a - a - c a - a - l  and a - a - :m ea - r
‘Ma-tents used f -’a- r ‘ - r a-aa-

a-mm- -‘ Iea -a - ment analysis. Al l s t - m a - m a l e s ;  stee l a-ores
—va- a - a - ’  a - a - a - a - a - a - a -I severa l  - ime s - wa - ta - a a - l a - a - a - s — - I :  a-; ’ a - I l o t  aa-’.a-’’- a-’ame bef a-re “a-a - -a - ,se

a - a - a - - I  a- a -a -exr a - a - ’ ra ’ a - ” na - a -  taken f o r  PCB an a l y s e s .

a-a- a-n -°‘,;a ’- it the Ia,b.-’ra-’m t a --a- r” , a-ores were fr-a--zen ‘ a- -i - ‘ C .  Ta-a- a - b a - a - a - a - a - a - a
a- ,a ra-a-çle , a a-ore c a - a -  --a-rnf nrer,.’c was thawed - ; ‘a - ffa - - :a - oa - a - tl a-,’ a- 1110W Qxt r us ;a- a-a-
a- f a-he seda-a-nent—a-nterface-c ’verl’:’a - n a - a - water sajiçle a-t contained. The
a- n ter fac e a -f  a-’~a - ca -  -a- -a- ma- a-ies was :-“ ,aa- la - la- ’ i a - s ’ n r m a -a- ,t , i ’ - ’  as a hr a- ava - a - a - s h

ta - ama - l a -ma- a-: it ‘he base a - f  ta -a -p frozen water colu ’m . A 4 - a -,en t a - m et e r  section
a - a --a- a-’, ”r’m- -l -‘a-a-a- r.cia -~entalIy with the interface band , was a-ut from each ca-a-re

a- ra-4 am - a - a - l a - ’ ma - ed  as a a - a - e a - a t l : n q  particulate sample. Anai ,’a- a-cal procedures ,
a - m a - cl a - - t a - a - a - c ,  -iia -m es t a - - a-a - a - a - , a - r i isa- n ra -a -a -ira- at  a-on were a-as - lesc ra- beci above f’am r

a - a -a-a- a - a -am .ma a - le a - j  ;‘-ir’.a- r’a-l.a’a- ’m- - a - r - , I .’,a - -; ,

e 

a---  - a - -- - a -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ am ,a-~~~~~~~ a- ,,_



5.~~.5 Sediments

A sa-ibsançle ca-f a -he ext ruded frozen benthic sediment ‘a-a- be analyzed for
trace elements -or PCBs was cut f rom “ ta-a -a- core used for settling parti—
c’ulates with a - a - s a-enter ~ centimeters f r - a - ga-a- the substratum/water interface .
The freeza-ng—extrusion process used in laboratory sampla- :aa-a-a- of settling
: a- t r a - a - c u l a t e s  accomplished several functions simultaneously. Freezing
a -s ta-a- adequate umea- ta-.od of preservation t a - a r  samples -:-a- n taa - r , ;a - ’a -c nitro-
,‘ea-a-a-’a-a -~ ,t:a-i mercura-al  compounds because a - a -  e f f t a - a-a-t t,ve ly s t a -a~ a - s the micro —

ma - a - a -i a - a - a - a - a l  a c ’ . a - ’.’ ;t y tha t na-a-ht a-a- t he m- -wise alter recovera-es a-- f th ose
- ma - ras t  ,a - ra -ce s. The re 1st a-ye ia- ;-ua- a-a- k freezimm a- a - f  sediment a -ra -terta ce/ water
a - a - a - a - es -also ser.’ed a - a - rca-a a - a - a - par ’a- a- a -mi e s a - a - a - their respective matrices
warer -colors’,, interface , - ‘r sediment ) - a - a - a - a - a - I  s a - ? c t a - - a - a - a - a - a - a -a- , ia -a -a - I analysis.

‘ a - a-a-e s a - a - u l i  eas ily be ‘ a - x t a --a--a- a - ie a-l. - ta -a - a - I the sediment , water interface
a-a - a - a , a - t e a-t w a - ’ -a-:a-c-’a- t a-ta-a-La-iqa-a-; a - ’,- , ía- a - a - f a-a - r e  fa- ,e 1-I ‘ - w - a -a -~a- ‘-w a-a; be a-a-un , a - m cara - a - a - a - deration

was :a- ’,’en ‘a-am a - ma-c ‘use a-,a - resua-;pcr,s a- ,amr a- a - f  a - ca -  a-a- Ic- I a ,art a- a - - a - l a - a - a - e s ‘a - - p a-
a-a-b~a m a - a -~ ’- a- a-’.’ s asç l a -m ’a - a - techn a- pa-c . :‘- a - s  f requently observed that particle

; a - a - m a  ( a - a - a -i a-hem -efore s e t ’ l : a -q  ‘,‘Sl a- a-ci a- ’,’I and coa-a-tanaa- ma- &nt burdens are
a - a - a- resuspension t c ’ c h a - a a - ; a a - e  were used , ‘he sa-ce la-stna-but ion

a - f  :;,a-a- a-a-a-’l’ !a-I a-ar t a - a - I C S, and ‘a-m-a-e refcre ‘a-a’ a - a - ra - t , a - ma - a - a - , a n t  data ,,btaa-ned , would
a - a -  -a- a -rca ’ . extent be a-a f a - a - a - a - a - t a - -a-a-a-ga- a-a - c t  of a - a - o l d  - c a-r,a - Ia- a - ; cns , but a-nstead
‘F ‘r,e : - a - a - r ’ . a - a-a-a-ula rs  a-~~ ‘a- tie a--’suspensican a - e ra - a - n a - p i e. Addit ionally,

a- a - a - I a - - a - a - I  s ’aa -  f a -  s a - ma a- race ‘a - loam - a- ca-a r a-a- ia- m;r a - a - b a - a - a -  a - - ar ,S are ‘a-ca- a- own ‘-o occur as a
r°’ ; a- a - l a - a-f a-ncreas.d exposure a- a-a- e lementa l  a-x ’,’ a-a-:en ~~~~~ and Goidhaber ,
1 a -a- ” 3 ) m  suspensa-ora- by a - a - a - a - , a t a - a - r a -  I;ke ly  wa- ia- id have caused alterations in
e lca-ra-c r,tal la- , ; a - a - - a - b a - a - a - a - a-. a - r ,s .

‘a-.ja-a- a- le f r e ” a - a - m a -a- - i r a - a - I  ‘ta-awa-:a-c, may veI l a-a-ave a 1 ; a - f l a - i ’.’ a - a - l t e r e d  trace element
a -p p - a - i a - a -- a- ma- w a - a - a - a - a - n, a- a-

~~ “x.ira - ’ I ” , ; a - t m a -:
a
-f.a- c a-, a- I  p - a - a - a - a - c - a - I , a t e s  at sediments .

;a -a - cfa changes wa - a - a - i  I ‘-, —a - be I.’a-’a-a-:’a-aia-le a- a -’.’ a-a-a-p - mac -a - Is  ised dura -a- ’a-a “ha -s study
because ‘- n a - a - a--c ‘a- I’m- a-a-p a-a- a- Ii ’ a- ,.‘- aa - ; ra t a - ac ro a - l  a- nI ’.’ f - a - a - ’ ‘- a -t ,a l a - a- ; ;ria-a-’n • and not
f o r ;a- - Ia - ’.’ a - t a - a - al - a - p e a - a - a -a- c a -t cIa - s m -a - os - p

~’a-”' - a - a - a -ba t a - -a-M ,5  - ‘a - f  ‘aaga-~a - l es  which would
‘a- a-a- It’ a - a-.a-a- a - a - - a- ’a-a - -ara- a - f  elements ;a-m a -’ - ’,~ppra qea- la - aa - a - enm- , a-nterfacial particulates

a - m a - -a-l “,‘PrI’,’a- a - a -a - a - wa -a- a- a - a - a-a-a - i l - a-l a- i f f~~~a-a- ” 
a- b a-t a  su,bst ,antia-aiIa-’ . - i a - c k  cooli na and

f ree :a - a - ac , ,  a - a -  was fe l t . woul l  aa-;a- a- im iz e a-im-md soon ha lt chances a-f a-a- hat sort .

The t a - a - r am- -a-Us lma - e s a - a - r ,  p r a - ’pss a - - a - 1 a-, a - a pa - j  a-n t~, 2 ~~ 3 (Suspended Parta-culates~
was a - a - a - c - I - a- la-berate a- race “l’a-rter,’.s both l a -w- a - S P A y  (e ,a- ., exchanqeable ,
a - t ’ a - a n a - . :) ira- I a - a - a -a- Ia - a - I ’.’ c , ; , ,  ma-u ra-e ra ia-zed ) bound a - a - a - ‘a- he sediment matrix.

-was e xpected a-hat liberation a - f  elements ma - -a - ha - be somewha t a - ma -c —a- a-a-ia- lets
f r - a - a-a-a- ‘a-he a-’esa-l’u.a phase F.r,a-ler et a l . ,  l’~

’a-” ) , though the re f ractory
nature a - f  such --‘mpra-ur’-ds prevents their actina as important sources a-n
ei e ra -me r ,’ .aI exchanges. Whi le -description -“ a -f °leme ntal a -a - t ist n ibu t i on s is
am a- a - ’ a - s a - b l e  thr-’uc,h varyino ia-aesta-on and extraction procedures, the
Ia -n a - te d sc—a - pa-s - ‘a-f  “h.~ rresent study precluded such involved procedures .
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5~~~~~~~
a- ‘a - ) a - ’.’a-t l’.’.’ Ta- a- a- a- ‘a- a -ar i a - - ins

Ma-,’! a - l a - s  “ a - l a - a -, a- - ; a- t ,  ‘a - , I - a- a- - a - a  -a - m a - a-
a
- a-_ a - l t  F lua - ma - a - a - a ,’a-a- •“ ‘a-’a- a - ma - _ i l . a - a - c a - I  a - m -  a- a- a-ia- a-m.. a- ’l.’a -a- ’wa -a-,ta,

a-t,’ a - a-I ?C!~ s. :a - , :‘r a - • a - . a - r a- a- a - t  a - - va- o a - -a- a- a-ir a - l e a - ;  f a-r ‘- a - a - : .’ ma lement ,t a - a - a la - ’ s . — : ;  • Ia- a-y e
a- ma - _I I-a-a Is we re a-a- ‘,.‘a-ta -a -m a- I , a - maua - a-a-~~a-’ I, ‘, a-a- ’ a -’ I ‘i , a-nd a-a-’ :a -u a- a- a- I - - a-m sl ur a - a - ’ a - mm
ia - a - a-m- a - a- t — a - a - m a -  a-c~ I ~ar a- ma - a- b la -’m a-a-lcr wa - a - h ~t .ja-a- :le~~a-, ‘a- t ool a-~ia it’s. L.a-ca-a- a - a - oua-a-
a- a- : a- a- a - I  . ‘ a-t a- a-a-a- a-; a-;e’ .a-~~ was fa -a-a -ra -a-a- a-s~r;a-zea-I a-aver a-a- f a- ye—minute per a - a -_a-d. Ta-a-.rc

a- a- ;ua-a- r a-i a- a. i a - a -’ a-’ - ’ were :a-c a-m~~,vc I • a- a-;~
, for t o t e  m a - a - a - a - a -a- a - a - am a - a - ot a-a-me ra-”ura-’ a - a - a - i

‘- ma - . ’ a - a - a - - c a -  : -r I a - ’ t t a rta-t a- a - a - a a - a - a -ar, -~~~ al l  a-a- , t her a-race elements, That a - a--c r -

a- a- a-ar. removed f a r  ‘a - a - a - ’ m a-le t era-na-inat a - a - a - r i  a-~~ a-a-me rcur’~’ w as d i a - a - m m - s t ma-a-’d at 45 ’ a-fl
4 a-a-a- a- l l a - i a - a - .a - r s  a - f  ‘a-mnct’a-a-trated su fa - a - r a - a -  a - c a - i  unta- , l clear.  A f te r

a -a - I  a - m a - a - ,  Ia- a-’a-i. of “4  C ’.’ a-’) po ta sa -a - a-un ;- “ a -  ra- .a- a-r:a - :.u a- ,t a- a-t a- were a - t a - a - a - t e a - I  and the
I a-, a-’ a; a- ’- ’’ a - a - a _ a - 1,’;’ a - t’a-i a-a - ’,’ co i- I ‘:-a-a-~ a-c- a- a-a - a - m a - a  -a - ba-ia- a

- m - a - p t a -  a- a- a- a - a -

Ta-a-a-’ - a - a -a - c a -a - a -_I - a - I  a- a - a - a - a-’ a- , ra -’ a a - - a - a -va - a -d f a - a - r  a- m a - a - a l  y a-i a- a- ; of a -a -  ía- a-a- r a- ’ I e ra--tent a- a- was
Ia - a - .a - ;tt’- ’, a - ma - a- a - - : a - a-I—-w.a-sa-’a-oa-I Er loa - a - a -a -me’,’.a -r f : a - a . k a -; a -..- a - ’ . : a-. a- % a- -a- a-a- ni t r a - a-a- a_ -a -- i .

a- a-a-a- st a- a -a - a -  . aa - a -  ‘- ‘am a - a - ’.a - :eaea-t ‘a -a :a-a - ’ a - a - ’a-a -~ - l e a -a -.‘~~~‘ta- , ’ a - ,  ‘ a-a -e m - - ‘ l a - a - t a -  -ma - ‘ l e a - a - a - a - mm-a -I a-r
- a - ta - P a- ‘- a- a-t ma- a - a - a- tm - ca-a - a- 1- .’ s ’ a -a- ’ a- - a - I a -’ : ”  I a-a-- a -a- a-a-a-’ ‘ ; • .a- ta - i a - s w’’ a- ma-’ a - a - a - a - a - Ic  ‘ - a-

“a - a - I  a- a-a-a-p w a - a - a - a -  “.‘p~ waa-’’a - a - ira- I “ l’a- r ’a-a-’ a--,a - -~ lea -e r a -ma -i ra-ed mv a - a - -a--ru - a- ibsa-- a - - p a -a-a -c r .

-a-me ’- a” a-

a-’ ‘a- a- a-a-P Ie” .’rca- a -ma - , a -a- a-ons a - f  a - p a - a - I  a-nd a-a-a- ia- ’ a-cia -em ;, a- a - ’.” mussels a - a -  a-j ams
‘were i e l ’ a - a- a - a - t ’- a-. a - a - a - a-l a-a -- a-a -m’a-a-)a-a-er:a-zed a - a - a - .1 a- 1 - a - a - l a - a - t a - a -a- a - r’—a a- ’ m e r a - a-a- :a- a - a -a-a- I Ia- car not less

a- :a - a-ta-a- f a- “ a-’ “ a - a - a - - a - a - a - a - s .  The resui a- a - a - a-m ra- ,a-sm’ s were a - a l  ,a-w ” I ta - a -  a- ;c~
a-a- , a - r a-a- te

a - a - a - I a- a- ,~a - a - a -’ a-a- ‘- a- a - ta - a - a-; ferred a - a -) — a-im- a-a - I a - l a - a - a - ;  a-a- a-a-a-l
a
-a- a - i  a’ a-i . 

a
- ’ a - a - c  a- a - a--a- 1 ‘.‘cr, a- wart

a-” a-a -~~’,’ca- I a-r, t ”a- ~ a- - ar m- a - a- ,al ’:-aa-a- -a-a-ura- w a - t a-a- the - a - a -  I a - a - f  -a a - em a tI~ a - a - t a - a -a-ar a
-- F

a- a--a-a - ‘- a - a -  ama- a-a- . a- a - m a - ’- resa - ,d-,a-c was ‘a -a k a-m -r a -  -a-s I a - a -  a - - I .  ~~~ t a -a-t ’ a - . m - a - t  re sa - a-l-je was ai r—
I r a - c l  a- ~~a - a - ’ -~ an I a-a- wea - a-he- I  a-a-ta - a - a - a-on ~t a - a - a - e s a -” a - t  a -ma 3 a - ’~~ a- ’.’ ’ a - ~ a - ; a -’a - t a - u a - a -a-

a - a - ’ l a - — x a - te a- ’- l L’-
a
-a- ’. i - --a-a-~~Ac d  dia - cjestata was neutrali zed and then

a - a - ” I w:~~a- A~;-r a-a-’ T’ a- ’ - ”  I wa--a- ’a - ’ a - r .  ;l- ,’a-a- a - a --a- o r, was letermined a - a -s a - I u a-’a--a-a-se

a - f t ” r  r ” a -  - ‘ a -  a-a --a - a-a-.ra- a-a- ~~~~~~~~~ 
a -..a- a - a - a - a - h a - a - a -a-a- ma- a - ma -  ~

a-a- t (a-’ ‘,‘ )  ‘,‘a - a - l f’;ra- a- a -c : I
a- ;po 3ca-fter “a- a - i ., I 5Q)

5 , .’, ” ‘.‘a-aa -’ r a-m l - hena - :al a-i a-m d Pa-a-’,’sa - a - mal W ater ~~a - i a l a-a- t y  rara- imeters

c a - a - a - t a - I  a - a - a -e r ’ a - a- a - a l  and p la-’,’sa - - :a i  wa ter ~ua j a - a - ’,’ parame ters wer~ es timated

u s a - a - a -  standard a -naiy ’a - c a i  methods . Temperature , salini ty and dissolved
-x ’ a-,- a-c’ r. were measured in s i m - a - a - a -  w a - t a - a -  ‘(SI field instruments , Settleab le
a - a - a - I a- Is wsa-’ te ” erm-ta-ined with an Isa-hoff :-‘ne it rca-cm tea-,~ era -a-ta -i re t~~~~

a
-°C)

-w a - a - a - -h a - a - ;  ‘- a - a-.’ , a -a- r Liri “a- ’q ’ -  ‘-
~~a-’~’a -’ ra -t’ig’° f-a r a-; c’m-a - a - eable sa--a - i a - i c , a-~’)fl

‘ - A r a - a -P~’ ’.’sa - I - a - a - a - ~~~ Ie ”ra-’a-i r ,pa-j  f ’a
-’a- i l o w a- o~~ f i l t a - r a - a t a - a - a - a - r ,  ‘- nra--a-a- ca- h Whatman

: : ra -- .
~~ a-a- a-a- a-l Iryir o at L ) S a- C.
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_ _ _ _ _ _  a- ’ ‘~~~~~~~~~~~~~~~ - -~~~~~~_- - -~~~~~~~~- ~~~ “ a- - -,

Ame~~nia was - iist a - lle d from bor ate—buftered saa-a-ç les and determined by
:a-essleri.:ata-on. N a -tr am - c was quantified usa -n a - the brucine method and a-
a-urbia- i ia-’ i  was ica-ersuned by ra-ephela-metry with a- Turner !a-bdel I I ~~

fla-a-a-amr:’a -r’iete r. A ll :ola- :- ra-a- netr y was performed with a Beckman Ft del 4
spec tta-a-a-umet er, ,~ ta -a-ub le-bearr a-ra-strumera- a- , using 1.000 cm and 5.300 cm
path l o m a a - ; t m a s .

5 .1 . a-’( Ar t i f icial  Substrate

i .a - a - a -a-c s “ -a- a be suspended as col lectors a - f  settl ina ba-ota ( see Sect ion 5 , 1 )
were aml eaned a-n , a-he labor at a- ry  p r a -~a - r ‘a- a- a- a- being taken to the field.

~tee 1 racks, and “he roughened glass t ubes a-hey retained , were rinsed
‘a - - w a - a-a-e w it h  reagent water and covered w a - a - h aluminum foil for transport .
R1a-a-a - t  aa - - a - y I  a- a- a-a-cs:; w a - a - a -h the a -r roughened t ubes were wa shed with reagent
‘c a - t r a - , a -  a-a- ca -J before a--l .a-cement a - n  the f a - e l d .  Individual volatile solids
ie torra -a-inat.-’ns were made a-’ r a -a - a -c o three a - l , a - s tubes; a-he n umber used
was ~ea - t’raa - a - a - :a - ta - d Ia-’.’ •‘x,a- a - ’ma - a - a - n q t a-a-c t e a - a - g a - a - -,’ a - f  ita -tached ‘Droanisms and
-a- a - a - ta - a - a - U! a - f l a - a -  a - a - a -c ‘a- a-ra-a-bpt - a - a - ‘ a -a-a-bes a- :e’- a- ,a-ssat- : ‘ . a - a - ca - a - a - eve j t a - t ,a-’a - a - a - a b ] a -c wea- a-a-ht

I-ass , Ta-a - a-’a-a- g were it a-ed - a- ” ~S a-’~~, wei a - a - a - ed and a-a-na -ted at 55a - a- ”Z for
a - w a - - a - a - a - a - a - a - s  a-le a-a -I a - f f c -n mace between I ra-ed - a - a - a - - I ia-nited t ubes was taken
as - : ‘ a - I , a - t a - a - l e  a - a - I a - I c.

P’r l e a - e r a - a - a - i a - a - a t  a- a-a-a a- a- f ‘a-a l ‘ra -a -p a-m’.’i I a- i r a - I  ‘- a- a - i l  a-’ r’ a - a - .’a- a - a - a - c  carbo n , tubes
-w ere a- a - - a-a -a- r ,i  a - ma - t a- ; a - . a -a- m a - l . ’ s s  a-a- ” ee l a--a- -a- a- I. a -A a- a- r a -  a -a - ; -a -f ‘-:;e r a - a - s : a - l t a - a - a - n t
powder was ‘a-xtrac - a - a - I w a - a - a -n. a- a-a- c a - i s a - a- m - a - a - a l - a - a -  a - rr ’. m a - a -  a - ma - ‘ a-a-c I.arc at 4 C for
,~4 a - a - cu r s .  ~h I a r a -a-;’r,’.’ l  a- was Ie ’-a-ez ’-mined iç m’ ’ t rophoto met r ic al ly  at
‘a- a-a- ’ )  rim ‘wa - a - h a- maximum bandp ass a - f  ‘a- a-n ) . P-a -a -a - a -ti v e interference due
* a-ma-’ :-r’a-a- ;pma a-a-ia- a - ’  rhec ’r fa- ’,”a-’n was e l a - n a - n a t e d  a r a - a - h m e t a - c a l l y .

‘ ‘a-ir a-’a-r. was le ta-a - ’rnia - a - ” a-I - a - a - a- a--c r” a - - a-a-a a- -a -f pulver ized sett lina
‘ a -a-b a- a f ’a - ” a -  xa -  Ia a- ‘ma - a - a - a - a - ic r  a - a  -a- “csu a-’e ( I S  a - a-- .s.. . - a - .  ) a-n an acid—pe rsul—
fate a - te- l a -  a-n . Ta-a- c a--a-a-a- -a-a - l a - a - a - - a - - -‘irbon -ta - r m x a - 1 e ’  was determined by infrared
a la - s - a - t a - a -a- a - c r .  a - ma - a-n. Dce anography :a-a a- a-a- rnationa l Carbon Analyzer. Data
a- r n ex p ressed a - s a-c  I per tub e .

Prar ’a - a - : r . s  a- f p’ .a- I’.’,t ’.z e a - t  a- a-a-ba-a- s ‘- a- be -iced fa -” r t race element det era -it ina—
a - a - on e ‘a-her a- han m-a-e r ’a -’ a - ry ) were dx a ,sted a - ma -  ~a- a-’a- (‘a-’ a- ’ ) a-a-a - a - ’ r i c  acid ,
made a- va-a-a-a-la-isis wa - a - m a - ‘a - he ASTM “

~~~
a-’m- ’ : reaaent water and individua l

lea - a- me mat . ; a-ietermined as a-iescrsbed a~~,ve. Wei ghe d fractions were also
rers’a - ..’,. I f o r  lete ra - n i n ata -  a-n -of a-Ta-e t a- a - ’a - r’a- ’ by col d—vapo r AAS . Details of
t i a -a-es t i on ire a-is  t escr ibe d for preparation - a- f  suspended part iculates .
PCB5 were removed from pulverized tubes by ra-.a- tl uxinq in hexane:acetone
a - a - a -a- a Scxhlea- extractor . Sol’.rent volusie was reduced by rotary evapor-

a- a-r. . PC’Ba were -luant ified by EC-a-’LC as described above.
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The :ra - a - ta - amino a- a -c a - i s , a -a ur a -ne a - a - a - a - a - i  a-7i a-’ a-a - i : ;C  were ex t r ,a - ca - t t ’a-a-t from
Ma-’ t- a- lus ed~~l a -s  and Corb icu la fluma -a- ;ca ta - -a-sues by homoger ;a-za-ma-o pooled
-wa - a - a -a - i c  bodies ia -a - f resh , g lass - i a - s ta - a- lied water. Aliquots of homogenate
we re removed , centr a -fuged a-n Ca-a- re x bottles t a -)  a-a- cos~ act pellet and the
Sup.’ r r .a - a - !a a - ; t  wa -t ta - dr awn . The pellet was resuspended , the suspens ion

a-a - r , a-a-a- .a-a- a - a - . a- a - :a - . t  a-ne resulting supe rra-atant added a-a- a-a- the first .

a- a- a- -w a-a- s a-hla -wed a-a - a - a re a - a -p it a - a te ava -a-a-rr ,ight fcc l l c w a - m a q  the ,a-dd ita -a-a- r.
a a- a-a- t a - a - am a - a - a l. Extracted amino -a- a-a- a-a- Is were s e l a - -a r at a - ’ a-a-i by ,a-scending

a - c t  a - a -a - a - a - ,
~~~~

a- -a - c ’  ia- h’.’. la-a-va -a- la-i -a-ni’ a - a - a -  a-w a :, a-t a - c c a-a-rn~ a -Ii ada-ca-a-l - a-s a- a-a -a- a-— ia -u t .a - a - Ra - I
a- a

-” ’ a- : a - - a- I a-a-’ . i t” m
a -(a-fl) • . a - a- , a -~, ‘.‘, a-,,)

a- . 3 ~~a - ’,’ a-a- I ‘.‘m ~~ a - a - a - a- a- a- 4
~a - • a -  a- a - a - ’ .

a -a - ~‘a-.’a- a- l .a - s  ada-a-i a - , and Corbic-ila f’.ua-a-a-t :a-ea we re a--reserv ed a- a-a-
s f i x a t  a - v a -a-, a-ifter “.ta-a - h ‘a - a l  l .a - a - a -a- ia - a - a - . a - f f — a - -  a - a - , Biva-a-l ’,’es were a- pa -~;;e’i

‘- - -a- ’a - a-- ’, l a - a - ’- at a- ’ a- a -a - C ca -a - a- ta-r’.’ at fa -x at a- ’.’a-a- a - m a a - a -m- “ a-a-c ma-a-a ra- t l’a- :a - a - va - ’a- . Aft er

a- m a - a -” . a - a - a -  F a - a - c  Ia’ .’s a-~ f a- x aa - a  - a - a- -n,, ‘a-a-c ba- ’ : ,a- l’.’es we re t r a r a - s a - e r  a-ed a-a-
.‘ a- a - a- -pr  - na - a - a - a --I . ‘a-a-’- ma - aa -a-l,il ‘ a - a -  a-; aia-e was ~ a - . s a-;’ a - a - c a -a - I a- a- a- a-a-a- F -- -a -a - - a - a - a - a - a - c  a-ner.’~ a-

a- r a-’ a- a - a -’ a - a -  a- ! a- a - a - a -  -a- , a- a- a- ,a-’,ia-a - a - a - ‘ a - a -  a-rt .  Th,’ ia-s’a-ected a- a - a -~:.a- a-c was
Ia-a- h’.’ i ra - a - “I  a - m a - a-l “na-a-om’ a-Idc a-a-a-I a - ma - a - - .. ’ a- - i r a -  f a- ma ..‘-a-x - Ca- a- a-c t  a - -a - na - ,  we r’a-  a-ut at
I na - c r  -a - a - s a - a - a - a- - a - ! a a - m a - e  a-I a - a - a -  Mera-a-ata-a -x a - ’ l a - a - a - and ~

‘ a - a -, a - ma - . SI a- la-a- s were a - a - m a - a - ti -a-’:ed
- a - s  ~ma - a - ; a- ‘..,.e a - a - c  na - a- a r -  cca- e , ’t a- maca-n I .a-r~m and nw~ca- ha-ira- a- a - a - a - I St ‘-t a-a-c . “a-a- a- a-us
-a- ’- a-a- a-a- q a - f  a-nraca-ia I a-level- -; rca- ma- a- were a -a- a-a- a- a- -a- r~a-p a-a-’a-a-’l - a - s  a- ma- a-a- a- :a --a-a- I,t~, Tr a- X pa -ar.

a- a- ~~
- 4 a 

-
a 

-A.a-a - A a -  at ‘ a - a - a-her I ‘a -a- a-- l a -,.15 a- ; ca-- a- a-a-mad exposure . ha-a - - a- a- use ‘-a - ie
;t -a - a - a - I’,’ -wa - s a - f  a-a- a-a- c a - t a -  Iu t a -a-t a - a - a -n , a -a - a l a-’ a- m m a- a-a-a-aIs fr-a-n a- a-rca - ’ ira-a - i  f a-a - i ra- a-h
‘a -f f a- a-- ’- a-c wer~ a- n ,a -l ,.- :ea-t .
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a- ’ . SA.MPLING FRE QtJENC?

Saziçla-nq was conducted a-a- to ta l  af four times at each of the three
sa-ampling locations a-ies a-:r ibed a- n ect a-on 4 .  The time intervals between
a-a-a-c f a-r st and second , second and th ird , and th ird and four th were

5 , 15 , and 30 lays , respect ive ly ,  dependin g on a -x . I a l  cy cles and
wea the r a - a - a - a - a -a-i a - t a - j a - a -s . The f i rs t  samplina -a- effort at each station
a - m a - a - 1 a-a-ded a- ma - c ur ly sampling fa-r .14 hours , and thereby encompassed a
:a-n*alete a-a - a - a - a - al cycle , Tha-’ remaining samples were collected at slack
a - a -  t a - a - -; f a - I l a - w a - n a - ;  ebb a- ides. Table a-”- : suza-ma-ara-zes the type and fre-

a - - a - c a - a - a - v  a- : -; a-a- a-a-~a-- Ic :oI l e a - a - a - a - a - a - a -  - Ta - a- L ’ I e  ‘ a - - . :  surmnara-zes the Ia- f f e r a -a-m a - t
~a r ç h a- m a - - a-a- lam-es a - _ ar ‘ c i a - a - a -  a - f  a-a- a-me a- a - a - a - ta - t ’  samp la - a - m a -  a - ; a - t e S .

Bi’,a-,il’,’e est orqaa-a- isms we re p laced a - ma - a - h a - ’  fa-eld at Mare Island and
P- a - a -” a - a - a - caa -a - c  approx~ mate l’~ 3C la’ a-

- a-; p a - a - c r  to ta-he f i r s t  sampla-.na ef f o r t .
TF a - a - -  was Ia- a - ma -’ t a-D a l l a - a-w “ a - a - a -a- bivalves to acclimate a - a - a -  the environment
a - a - a -” - wa - a - a - co  ‘-he ’.’ ha- a- i been tr ansplanted. The delays a-n es ta b la -sh i ra -g a-he
Tre a s a - a - r ”  ~~l ,a - a - a - a - l  ~!.a - t a - a -ra- ~ sa - ’ a -a- Secta- .-a-ra- L 3 and 5 . 1 , 1 1 )  prevented

a- - ‘ l a - m a - a - at a - na - a- ‘he test a- a - r- a - ,an a - ,; a - a - a-s f a a -  a- e a - aa - a - th  a - f  time similar to that
a- se -a - I a- a - Mar” :sh,a-a-ad and P--a- ! C1ha-.:.a-~ o. At a -he Treasure Island site , a-

‘- a-a-c ‘- a-’ ,’ arganisms were a - a - l i  ed a-n , the fa - a - a - Il -thir a- ra- o the fa - rst sampling
a-
~~” ’ a - a -a- :ri - a - te a- a - a - a -  na a - a - a - a - a - a - a - n  f m - u t  :a-a- ’,l a - a - c a - a - o r . s  ca - f  test  -a - ro aa - a - a - sms at
Ta-c a- a - a - a - a - t a - ” a- ; l a a - a -a-I , a-n “xtra sara-c l a - a - a - a - ;  a - t a - p  was made a-a--a- — bt aa- r. the f ca-urta-

a - a - a-p a - a - f a - e s t  a- r -a-a: a-a-sms 14 l,a- a-,’s a - a - ’ -e r  ‘a - a - m a - -’ f a - m a-a-ai co l I c -a - a - - a - a - on  -a -f water
a - - a - a - il a - a - ’,’ ia - a- a- i aeda-ne r ,! subs ! ra ta -a -  sa m p les .  Dura-no t a--a -a-s fa-nal samplina
“ f f ; r t , a - a - a ! a - ’,’e a- ta-”- a - l a - s edu h a - s , a-a- a - a - a -,a - a --ha-’ a- l ‘-a - — a ili.nqs a - f  ta -he s am p ia -r .a
s ia - a - a we te a - Iso a-

1 l e a - t o t .  These mussels we re “a-a-ken, a - ma - a- a- ida - a- ion to
those re l- a- a - a - r’a-a-.i na-’ ‘-he “stabla-shed sara-c Ia-a-a-c pa - a --a-cram. a-la-’ -concurren t
.a-,.a’-er a- -a-a-a- I a- ’-- - - a - r  a-a-a-di ner-a- substr ,ate - a - a - r ’ ç a - I a -”s  were - t a - t am ed at th is  a -a - n e.

a-a- ‘- a -a-c r a - a -a - a- ” a - a -I ’.’ , f a - o l  I ;,arp l’a- s were a-- a - I  lea-ted at “ s l , -a -ck a f te r  ebb
ta - I c ” as .r ” a - a - f a - c - t  ma-a-’ ‘-a-c a

-’- r r - a- a - a - a - ‘- a -me S a - a - a a -pe a-a- a- f a-a- a - ’ r ’,’ ; a - e s .  I a - a - this
‘~~a a - a - a - a- ” r ,  ‘- ma- c a - a - a -” .a- a-- ’,’a-a - l  a - a -  sa-a- a-a-~~ l a - m a -a-a- “ f f - - r ’- a - s  s tandardized t a -a-a r all

- II”:’-. a-a - a - “ff -r ’- s. ,a - a -ca-a-’ a-a- a-ll ’.’, a - a - a - a - ; a - a - a - a- l a - a - a -a- I that a-here is a-a- dif ference
I a-w * a - Ic ira - I a - a - a-h ‘ - a - d c  l a - a - v a - a - la - ;  - f  the parameter a - a r  ca-nsta-tuent

a-a-~~ a - r.a-a- nsa-a- i s -a - i r a - a -  I a - a - .; ., ~~0. . s a l a - a - a -a- a-a- ’a-’, “ race  a-a- lea - a - a - c a - a - a - s. PCBs) . This pilot
a- ’- a - a - I ’.’ wa-is a--’’- le sa - ;ma-~~d 

- a -aria - a -a- ally ; n v c a - a - a - a-a-a-a a-- a-a- a - a - a -e :rira-taminant leve ls
a - a - a - ‘- ma -c - wa - a - a - a -a- c - a - i - a - a - m a r .  a - ra-t susp*a-ra-ded a-a , a - ra - a - a - a -’a-a-l. a ta-a-a-s between l a-w and high
‘- a- l.a-I a--oases.
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TABLE o- 2 .  SAMpLING DATES

Stat ion ~ a-catcc n Sa~~~ling Ef fo r t  Date

Mare :sland F a- e ld  placement a-a-a- f test organisms ,a- ’ l 2  “9

I (a-ncluded .14 hour sasç l~,ra-g)

/ ., 3 a -  ‘9

3 4 ‘6 9

4

?ort 2~a-a- .:aco ?~e1d placement a - a - f test  organisms ‘

I (mncluded 24 a-a-our sampla-mag) 3 .3—14,79

a- ‘ a - 3 C 9

3 4 - 1 3  9

3 5 a - 14~~~~

Treasure slan d I (~.nc1’3ded 24 hour sa~çl~~ng and
plac.~~ nt o f test organisms ) 4 2 - ~’ l 1a-  “9

4 -  24 ,

3 5 -
a-Oa- ? a-a-~~9

4 6 a - 0 4,T9

Last collection of test organ-
isms . see text .

~~~~~~: a-l J 1,
ta-:_ a- :  
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a
-’ . DATA ‘~ :.AIa -, ’,’ .a-

Re- a- -a- a - I  -a- -a - a-- !a-j ,,a-a-, I : a- a-a-r. ‘ a - a - c  a - c  I a- ,,j a -a -a-~a- a- a- ‘ a - a - a-’ r ‘a - a-a -  t a-a-’- a-a- r a- ’ a- a:. a- l.a- a- a - a - -a-t a - a - .
A a- a- c a - a - a - a - x  A .  :~~ a-, ’ l .a-a-a a- , .a - ’, ba-a-en a- ir;  t a - - a - c -a-l “ a - a - a - c r  a - a - ’.’ - a-,a-,, a- .a - , a-: ,a- a - a - a- a- .

- a - a-’,’ ‘- a - a -c a - a - a- ! ;:” ot Ia -tLa-a- a - x  a-a-j t a-y t a - ;.a - Ia - -a - a -~ a - a - ’  a - f a-a- a- ma-a - ca- I .

- 
, :x: ,a-ta-,,y . a - -z ;  a - a - ~~-a~~~a-a A.’a -al ‘a - a - s

;~ . .. a - a -~a- :a - a - a - a - a - ,~ a - :; -a- a- ’a--a - a- -a -a - , ‘ - m a - a - ’  ,,_
~~

a
- a - a - , a-a- ,a-~~ ‘a-’ a - ’,’ -’ ,’i.- a- • a - , a- a- a - I a-

a- a-
a- ’ t a - a -  - a- ;  a-,’ t a - a  -a- a - a - a - a -  a - a - I  1a - ta ..a-’’ a - a-- : ” m , a- a- a - -a -a- ~ ‘ a - a - a -’ a  -a- I ma - — ‘ ‘ a - n ’  —a-. a - a - a -a-- a - a - :. a-

;a- a- ’ ’ a-a ’ a-’, :-.a-a-’ a-a- a-” -a - a - a - a - a - ed I a- t :  a - a -’ a-’ a- a - a - m a - a- : a - , a-c a-a- a - a -I ,a-t -a-...t a-a -a-. ;a-a-”a-ma-t,a-r a- a-’ - a-
a 

-‘- a - _ a- a- i a - a  -‘.‘‘— ; ‘ ,- a - ’ ’’..- a-a- ’:;a-’ :a-’a- ’~- ; I  a - s  : . a - a - a - a- .- a- • a- ‘- a - _ a- . - I a - - a -  a- ‘a- . a-’ - r~ a - a -~ a - . ’ ’
I.t , a - a- ,t a - a - : - ~ ’ a- a-,,’ I a - - a - a -  a - a - a -  a- a - - a -’- :ra - ’ ‘-a- a- a - a- l a - a -’’, “-a- a- ‘‘ ‘a - a - ’ a- a - I 1: a - ’ x . t a - ’ : : .c *

a- a- .- ‘n’a-. ‘.,‘;_ ‘ a - ; a - a - ’- a- ’ a - a- ’’ a-, a - a - .  ‘ - ‘a - a - -a-, a - .  a- -, I’. - a - a - ,  a- ‘ ‘ a - ’  a - - a - - a - .  • ta - a - ’ .‘ a - - a -rtr~’a - a - a - —
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1’: a- ’a- ‘va - I
a - a - l’ -”~’ a - :a- 1 .1 .3,1 ,

‘ .5 2.65 l . 2’
~ 4~2 .  ‘~

A-s a- .-) “ .4 4 .1 1. 131 1 3 . ” ’

5.4 5.3 .131 .1, ’

Ca- 5 .0 4.3 4 , a - a - ’ 2  . 4 - a - S  1 ‘a - a -

13 15 14 1 . 414

‘I-a - a- ~‘a- ‘! a - - , , 4a - - 5  . 2 l a -  4 ’ , l

2 ,” 2 . 3 2.5 ..a- ” 3 II. 3,1

Ia- I- 4 . 1  2 . 2 3 .15 1. 34 4 . 15

Se 1 .2  a-) , ’ 1. 5 .212 • a - 1 a -

I a -  .1.1-I) .1.25 ~‘. . l ’ ’ 3  10 .35

‘- a- . ~
-
~~a - a - : a -’ a-.a- fr oua - ia - a - e r  -used for sa~ç1;ra- ‘at Treasure Island.

S a- r.da - ’.’a- .Iu a -a -l a- were :-‘-“a- a- a - I ’a - - l  f a -a - r  ‘a- ,a - a -~~a- r”t- l a- ‘a-a- ’ ‘a- a- a-U ;a - a -c i a - ’,’a - a-i a - ; , a - I a -
f r-n a-a-” ;a-a--.’ s a - z e  a - l a s s  ( 45  ‘ a- ‘- a - , a- 

~~a - ) ’

S — a- - a - - -- -  —. a-
— a- ’ -

- 
“ a-a- -,- - —~~~

——‘-‘ -

- a--— —a- — ---— — -‘ — —.—~~~~~~~~~~~~~ -— -—-—a-  — --- --—-- - a----
~~
-- — —  - a-~~~ __ _ a-a-_ __l



“ a

-

a

-

a - a - . a-
~ 

, a - a-

TABLE - 12 . TRACE ELEMENT AN A.LYS IS -la- F THE BIVALVE
“!‘RANSPLANTFD) !4a-a-’tUus eduli. s COLLECTED
,I”N F -~3 , 1Y’~ ( I - a- a -a-; t r y  weight t~ 5sue )

a- a-’ a-~
T a - a - a- - a-’ )

~-e::l a- :a-~a-t’ 
—

1 2 x s.: . c. a- a-.’ .

1. 1 . 3  l . a - a - 1 .4 2 4  2 b , 5

4 , a- ‘a- a- c ,,~5 2 .3 33 3 ” .28

Ci a- .) ~.4 -a- . 35 0.011 3 ,76

“ .5 ~~~~ 
3 3 a - a - 5  .4 ,25

1’ 13 lc ,0 4 . . 1 43

la- ca- 12 ,4 4  0 . 4 4  ) ,4 4  0 0

3. ) 2. ~5 2 . ~5 3 . -3”l 2 . 4 1

Pb 2 , ’a- 1, 5  2 .55 0.0”

I .  a- I. ” 1. a-’ 3,141 ‘1 .83

Zr. .a - a - 1” .1’S “ , 3 ’a-~ 2.5”

- - 
i:a-

-
a
-, a- were transplanted from Point R,~ch~~~nd and ‘used as

the test a - r - a - a - r , ; s rns,

~ a-ra -d~ v t d uala - a - per f a -~~~1 rn; a- “v a - a -  we r a-’ re’~a - a - I 4 ’ i ‘- a-’~~~the r and a-

ana ly zed . A l l  a-nd~a-vi d ua 1s we re frra-ra- the same size a -lass 45
S a - 1  a-wa-) .

- a-—-—--- —- ----__ -a- --‘a---

hi a 
- a-a-, a-a- a-a- —_ a-— - . a-

~~~
’ - a -~~~

a- - ~~~~~~~~~~~~~ 
a-
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a- 

~

a- ’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

’ a- a- 

~~~~~~~

a-a

-

• , 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

, a - j a - a - ;:a- . :a - : a - f a - l te ra -a - b le  a - va - a - a - d ue ~NFR) , -a- n Ts)nl. ,a - a - —  and a-u t r a t e — r a - x a - r -a-aer ,.
- urba--j a- a - ’.’ ,a- :a-a -a-l a- a--La -I, he a- a-a -ht  , T a - a - a -,’ ‘- a- i,i 1 a-a-c a -al a - a - at “a,a-h ~;cur - a - f  a- a - a - a - I  1a- c-:t a - a - a - n a-

..a- a-~ 
‘.ala -:;I .ta-e.t - a - a - a - f l u  a computer a-rogram whi 3a- -:ses the ~a- re ,i a- - a - t i ons  a - a - a -f

“ a - a - ,’ a - a - a - a - a - - a - a - a -I Ta - 1’a-’ ‘.a-cle s. la - a - ‘ - l a -a-c basis a-f ,a- - :osa- :a- ’ a- a-una-a-.’a- i,on, a - a - a - a - a - ,
a - a -  - a - a - a -  a- na-a- a - ;- :- l a - e s - a - n  a-’ - a - a- - a - a -  a- a - C • a- a - a -  a- . a- o ‘- a-a-c p ra -’ a-i; .~ a - e 4. a- a - l a - a - i  a- i.n~ and

a-a- a- a-a-a-a- a- ’ a-he ~‘lien atta- la-;r :-;ae -~ j - ra- ’d a- a-a- a- a - a - a - a - .  t a - a - i a - si a - a - a -~a - j la - t  a-a- a-a- a-t

a - a - a - a -a -a - a - ‘ a - — a-’ a- a- a-t - a - a - a - b o r a -ia-n.a-to t a - J~ i sta ti on near each sampl ing Si te .
2’a-e .a- a- a- a- a - a - a- a- a- ’ua- a- a-- r Ia- a - a - j a - t ’  • a- Li I -

~ 
‘- ~a-t a- ra-:; a - a - a - a - I ‘iaxna-pl a- :;q s a - ’  cS w~ s is

a- - a- 1. a- ’~~ . a - M~~a - ’ ’  a-, I a - a - a - i — ,a-~ .L’.’ a- 
a- a- r’ - ‘a - a - a- a- .a- a - a - a - a -a- — - 

a
- ’— ‘ha- a-- ,a- a - : a -  a- Treasure

I a - a - .  a-a- — - a - - s I ,a- ::a -3 a- a- a - a -’ a- -

,a -x ,a- :—,a - : :.a- a - a - a - :  a- ‘- a - a - , ’ a - a -’ a-t a- a- a- A ( : a - ’ : a - a - l; x A r ’ , ’ .’e ,a- I s  ‘- a - a - , ta - a - . - a- a-a-t I . a-a--a - a- a - a -a -

a - - a - a-t I a- a- ‘ .‘ a - : a-cs’’ a -’ : -a- ’’~a - ra - a- ’ -I a-c ‘ ‘ -a - ‘a- .sb I ‘a- ’ a-a-c r a-t a- a - - a -i a - I :‘.‘-: 1 e a- ’ a- ,a- a-j :a-

a - a-a- ca- I . : , - :  ~a- ’ - ’ . At a-’ta-r’’ a - a - 1 ,1a - ;a -t, - a - a -a-’’ a-1,;, a-L Ia- • sol a- i-a-a- - - ‘ a - a - a - ’  :;r’,:. a- a - t c a - a - ’a -I’’

I’; -. a-i ‘- a - a - a - a - : a - 0. .‘ a-~1:_ I — ‘‘ a - , , , a - I a - a - a -a- a-’ ’.’ a - . a -a- a-a- l a - a - a - a - : ;  ;a-.a-n a - a - a - a -’ a- a-’ - a - ’  a- ‘ a - a - c a - a - a - -  a - a - a - :
a- ’- a- a - a - n - a- ‘ a - _ a - a - a - a -  - , a-a-a- .I ;a - .  ‘- .a- ’.a-;a- ’’ a - a -- a - I a - a-la-, ~~~~~~~~~~~ a- ’ x a - a - a - a - a - ’ - a - a - ’ - t  0 ,1  a-a-a-L a- l a - a - c r ,

a - ’- a - a - a -,’ it , a-’ :‘ a -’ ,a- a - .a - a - a - n - ‘nc 2 , 12 ‘a - a - a - , ‘0  ‘1 , 1. ‘a-a-a- a- 2. -a - , ‘a - a - I a- a - a - a - a -.’ - - a-; i,a - - a-a- , i ra - a -  I
- a - , . -.’ ’ a - -. a - a - ’ c  • a- ~~~ ‘ s a- a- a~~~ ,n a- .a- a - a-  x a  -a - a - a - a - a - i  1 , 2 ~

q , (0. 5 ma-; lur a- ‘ a - :  ‘a- :a- a - ’

a- a- a - - ; ’- .‘: a - -,a- a- a - a - a - 1 -3 , ‘a- “a- ta - a - a - a- a - a - a- ‘- a - a - a -’  I_ a - a-: a- ‘- ‘a-a-a- — a- ,. - a- r’ :~ a - f  - a - a - ia - a - 1 a- a - -.:) . Ta-a-a-a-
‘ .‘ a - a - a - a-a-a- .I a- a-a- 

~ — a-a-a- a-a- a- Ie a-a- .a-c I a- r’~a- ‘ a-, .‘a - ’ a -  a - ’  . a - l a- - ; l  a- a- a- ’ - I a- r the rema a- a- a - a- r:q..‘ a - ’’ ’r :a -a- .a- Ia - ’ ’ - a- - a - a - a  -a-csa-’ a-a- a-- s a-.- ha -  :a--a- — “ ‘ a - a -’ a- ‘ a - a - r a - I ‘- - “ - ta- ’’ ‘ a - a - n - - a - a - a - a - a - a - a -a - a - ;’ ‘ a - a - a - a -a-a-

a- a- a - a -~~ Ia - a - , : Ta - a - a- l ”  ‘— 1 3 1 .  Pa - a - a - r c a - ;  a- a- ‘a - a - n a -a -,.::, ‘— l~ , a - I l  a - a - a -a - r a t e
a-a-’’ -.‘a r a- a- ’ a- - a - a - oa - a- .’ I ‘ ‘ ‘ - a - ’  a-. I - a - a -  -a- a--” v ’- ‘ a - - ’ ;  ‘ a - -a - a - ’ - a -  a - a - a- a - a - a -a- ‘ ‘ a - a - ’ ’ a - , Ia - a -l C’.’-: Ia - ’
;.a- c a -  I “a - I ,

1:.a -a -a- ~‘a-- a-t r. a- a- , a- ~a- .
a- a- - ;  -; ‘ .‘ s ’a - a -’r , ‘- a- a - a - s  a - a - a - ’ ’ ’ 

- ‘- a - a - -a-c ‘- a- a- ics , a - -a - a -a- a-’a - .’a - ’ ’ r .a-a- ra- s i t ’a- Ca-I

a- ‘ f r ’ a-’.’ ’- a - t c  a-a- a- ’ ; a - a - -ta - ;. a-a - a - - a-. a- - ’,’ - - ’a-’ a - a - a - a -a- ‘ a-’ ar a- a - - a-la-a-I -.‘,- a - a -,”a- a-; . E,a- - a-a-
-~ ‘““. a - a-ta - ;ra -a -.a’. a- ia- a- I ‘ ‘ ‘ a - I  ‘a- a- -’ . s a - a-a-’ a-. a-a- f a- - - a - a - a - . ’ , a - a - ; a - a -a- , a- a - a - a - - a - a - a - — a - a - a - a - a - a -, l aw— a - a -a- a-a-h ,

‘a - a - a-a-— I -w . a-a--a- I l a - w — I - -.’ . Ta - -,.-’ a’,’a - ’ r a--a- :” ‘- a-a-” a- a - ’ -...’a-’r, i a - a - a - a - a - a - s 
. 2  hoa- ; rs a- a- :-..‘ a - ’,” a- -a- - a-a-’ a- a- cs’ a-” ;a -; a- a - a - ’  I a- a -r ‘-a -a- .’ a -a-a--~~

- I a - ’ ’- a- ~
a- a-~~ a - a - a - a -’ a-- a - a -

a
-ial

a - a - I a- ‘xa - — a -a-a-’~~ l a-’ 24 - ‘~ a - a - a - ‘ a - a - a -  . The ‘ - Ia- i l a - a - x  n’ a-’r-s’ ’; - a - a - a -a - a - a  5 .

a- ’ a-”,a-re : a- I a - r i .  . ‘a- fo.a- a- ’- Pa- a - a - ’- 1 : a - a - a - -,a a - a - a -  a- a- a -a - a- a-, 4, ’ ‘ a - a -a-- ” a- a- Tr’
a
-’a-a - -;-a - ;r a-’

:~~~~ r, I.

a- ‘. a - a - a -a- ’- a 
-- a-” - a - a - a-”i’ a- -~ a- a- a- a - a - ’ - • a - a - a - ce - ,,a- c’a- l a - a - ‘‘- - a - ’ a- — a - a-a-:; l.a- a-t a- 1 a- a-.’ f I a-. a- a- t

‘-a - a - a - i Ia - f f e r s a - a -  ‘a- a - a - ’.’ ; r - ” a - ;  w a - a - ” - ’ -  ;ara-t,a-’ l a - a - a - a -; ‘a- ’a- ’a-a-rr ”i. ‘a-a- Treasura-~ Isia-a- .nd ,
‘a - a - a --a- ‘a-’ a-a- ’-ral a-a- .a- -a- “a - a - a - a - a - .  ~~a -a ’,- 1a --’a-: ,a- a- a- ‘ a - a - , - a -

a
- a - I a - r , i’a- ’,’ was : n l a - i a - a -’,’n; ’,’

‘ -r ,s ’-, a - a - a - ’- .a -’  a- ‘.‘a - l a-;r’ a-’)f . a- a - ,’ - a - - a - - ’ -  a- ~~~~ ‘ -a -’ ’ ’ ’  t a - a - a-- a-- n  a - r , a - ” a - ’.’-’a- l a - a - a -- a - a - a-

• 2 . 1 .  - - a - l a - a - a - a - ’. a-a- a-; a-ua - s a - ’y’,’a-
a
-’-l a- ’- Mare sland .a - : a- C ,a - ra- : a - a - a - f l a - a- ’ a -’, 1 : ’r,i;t

:“l la- !a-a- ‘ a - a - a - a - ;‘c a- :a -a- a - f  “a-a-a - r ; a - a -~ a - a - a - a-l f r n s ,’a- je ’- ,a- w,a-a- ’”a-- . :a - a - ‘ - a - a -a- S a- a - r ”a-a- ,

‘ - a - a - a - -a - _a - a-. a - a - a - a - ’ -  ,‘ a- a-; 4 . 3 a- ‘- . , a- a-t a - a - a- a- a - a - f a- a- a-’a- 3. 5 a- 13. 3 ~-~-a- , At a- he
3- - a- a- a--a-a-, R.a-’.’ a- ’- -v a- a-a - ’, • a- r ’a- “a- a- a- _a- a- -a-’ , sal a- a - a - a - a- a - ’ - ~a s ’,-a-’r’: la -”w ( a-’ s s than
a- f i~~ a--a - a -’ r ’- a--

“ .4 Tr~ :n Pl~ na-’a-a-” a-

T a - - ”  iwan , ;‘ a- r ,da n :a- lp-’,’ a - a a - a - a - a - a - n, a - a - -, a f f a - a-- a - n n t  ‘a -f var iation and a -S a - - n r a - a - e ra -a-a-
- ‘ r ,f a - I a -” a -- ’n a - a - a - °r’-’a Ia- f”r ‘- a -a-c la-”a- ’a- ’ is -f ‘- r .a-a-ce elements a-

~ a - a - a - a -;ra-cd at each
a-a- ar’~- l i r , a -~ ; ‘- .j ’ La - a -n f -a- r a l l f a - a - ; r  a - - a -l Ie-a -a- a - a -a--n n f f a --’n ’a - s , are a-’r~~scra - ’a - c a - i  a- n
P a - r;a- - ” a-; ”— U  ‘- hn ’a -’a- a - a -a-a- r. “_ I a - a -  wi :a- ‘ a-a-c ‘ - a b a - a - I s a - ni ta-v a-a- a-suin~n a - a ra - zn- l a - a - a - Appendix A. a-

‘a-?

e a-

--  
a- a-
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Apparent from •hese graphs ~~ t hat  very few recurrent trends in levels
of trace elements between stations throughout the various types of
samples exist. Mean levels ~f trace elements in bottom sediment were
r~ ut1nelv highest at Port Chicago with the exception of arsenic,
which was highest st Mare Island Water ~olu~s~ and settling parti—

~ulate mean levels we re typically hiohest at either Port Chicago or
Treasure Island and mean levels )f trace elements of total suspended
parti.culates were typicall y highest at eithe r Mare Island or Treasure
:~~l~md . ~o reoccurring ~rends toe relative difference among mean

~~~~~ of trace elements between stat~~rns :‘e r t’.~p-e f sample (as
f~ -rjrty 1 ) we r e ‘bser ve L

~.4.i ~—~uspended P~ rt:cil ~~ es

~~~~~~ ~‘er:ent of total ~race element amounts per size class of suspended
p~ r~~ :ulate is presented in Tibles -l4 through ~-l ’ . It ~s evident

~r’r~ hese tables that • percenr~ oe-wise , substantLai amounts of sus-
pended particulates were present ~n all  these size ~lasses assayed .

~eneral . the largest ~art~ cle size ml ec~ ed ~s reculated by the
io ake velocit: •yf the coilect~~ o ~ e. The higher the intake ve i-

oe l.a r ;er the particle size c~~ ss collected. is there—
fore essential that the intake velocity of the collection tube be
carefully re’ ul •stei and -ont roll ed . :~ thi S ~~nne r , the range of
:t~ rt~ cle size -If suspended particulates collected ~s maxr .tained and

~irect :ompar~ :;cn f this data ~s facilitated . In ~enera l. the

~-e r:er•t -I f ~ ‘tal trace •~le~ ent3 was higher in he s~~ ller partiole
sizes.

~.4.. Bivalve T~~.sues

:od~ viduals from five ~i:a :lasses of M. edulis and twe size classes
f’.unioea wer~ suspended as test oroanisms (Section 5 . l . l ~~) .  ~f

hese ~r— ar.~ sms. ~r.lv representati~ ”c ‘f the 45 to ~~~~~. me class of
M. edulis and .‘

~ 4 :  me : las ~~~ of - .  fluminea were analyzed for
contaminant levels. r.lividuals of ~he remainina size classes were
preserved for possible future analyses.

:ifferences ir, issue levels of trace elements throughout the study

per~od has been statistically examined by using a Student ’s t test.
Data ava ilable for this examination are the “background” ti ssue data
(mean and variance from two replicated field samples) for Corbicula
and Mytilus. as presented in Tables 7-9 and 7-10 , respectively; and the
single determination made for each trace element from each sampling
effort for both Corbicula and Mytilus. as presented in Appendix A ,
pages A—l through A—28. The appropriate t test is the comparison
of a single observation with the mean of a sample (Sokal and ~~hlf, 1968).
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TAB LE “ -1” .

~L’MMARY OF HEAVY METALS IN BIVALVE TISSUES AS
CO~.WARED TO THE MEAN BACKG~~UND LEVELS

2 TA::. .~T”)E~T 5  T TEST; ~f • 1

Trace E o ~~ nt~i
C;-~’ ..1. ’ - , ..)cJto.or; ~ ff ,1rt ~~~~~ As i Cr Cu H~ ~ i Pb C~ Zn

‘- ‘.::.:.t - ‘ .34~~~ t 1 — — a — — — — —

M.~re ~~~.ind 2 — — — * — — — — — —
3 — S — — — — — —
4 — — — S — — — — — —

Tr’.i .,..r” 2 — — * — — — — — — —

3 - - - L.A. - - - - - -
4 — — — — — — — — — —

— S S — _ _ —

o :
‘
~~~~

— ‘ ‘:. ‘ I — X — — — — — —. — —

Mare :slanj 2 — X — — — — — — — —
3 - x - - - - - — - -
4 - x - - - - - S - -

— — — — — — — —

?—‘rt 2 h ’~ :~ oo .C — x - — — — - — — —

3 — x — — — — — — —

indicates no sionificant hfference between sample & “backaround ”
mean .

• indicates difference at ~5% level (2” D.35).
* . flumanea background variance for As - .O; therefore , t~

value cannot be calculated .
M. edulis lbtairoed from Point Rxchns nd area. These ho ’r~~ves are
:onsidered as second out of background trace metal tissue data .

~ ‘1. “c)ul~ s obtained from suspended racks at Treasure sland . Con-
:‘irrent water ~uality s~inples not taken.

L.A. - Laboratory accident .
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a
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.5 PCB An a~~~ s I s

bservato.;z; .,f water :o1u~~ PCB data revealed that thr - u4:..Jut ‘nIt
- it o . )y  ~~~~ Inter val , ?CB levi-iS at the Mare I s land stat~~n. were :,ub-
;.t t nt I 5 t’ . ,’ higher than t 0I. ’St~ found at o :ot- -t.he r t~~~ stations, Also .
n, re lao 1’.’elv large .o0i.a n~es .ra PCB levels were ob ier ’.e’d t o  .‘.C~0’u r  w I t h i n
• l t~ oaa~~~ s t i t  I.):; lo..05 t Ion.
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• or: ‘-o.;:o • e’ ; -Ie r  fr ‘o ø?~. I ..-oo 
— n.’ ‘~.w~t I .~~‘. ~-er ,’ 

• -t~1.’r. ; ‘ 0 .30 • :1” r” IS a
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CI  :fere:n.-es In tUe r a t e s  of on - -te ase ~‘.‘t’r o.me or hese parameters,
as w e l l  as ~ n I : t : .  .01 t U . ~ I r  r . • l . i o . ’.so magnitudes are I1~ e’.y lue , i;
laroc p5a rt , Ot .11 f f e r e n o .-’i in 10.10 I.t Species :o~~~ositi0fl bet ween
-.tat Isno, , a:,.) t e S u l t  o n o  to s; jrate t.tt ,.s suc .oessionai -:tn.a00Qe,

S I’ . ’,’er and - ‘;s;er ~ vn~~~ f ound ~n a Ot .a . : ; o t ’ ~I -roar .iSms 1Table 7~~3’1)

‘.‘a ; i ed  between stat I -r. ;; . ne v a r i a t i o n  I: ; :o~ per .in~t chromium was
-rs&- ; “c,) at ‘ntch s ta t  or-. bet ween ;,a rç- l xnq ‘-ff ort S. When the ratio
“ rj.:e ‘ .crs’nt : - r ; a n i c  carbon ” IS taken for each station and
0 010 1 ;  “ 0 0  - t O , it IS sCt’f. o decrease over t ime . The ratio of trace

element t.c organic carbon was derived in order to no~malize trace

o 1 enent I,ata t he differ~ nq a~~unts 
of accumulated biomass on

‘ie!O I:OO ribes an a lyzed .

o f  such data I~~~ . ;f ‘un-Ic ) the multitude of contri—
but I :;-: ni .’ ‘- 01 .~.l and nn’~s I 0 ,al 1:; 0 1  .;enceo, — it  I S  fl of I coil t to relate

a - ” ’: l ”ne ro o:- t ake 0~’ . a r , a l -” 0  : ca ~~~~, “ a v a I l a b le ” t race e lement  levels
I n  ‘-or e . ‘ o rv i r o n m e n t  L~ o - a -use t l f fe r e n c es  in .-orowt h and species

- J- or5:.’sI I ,n benet’.-n racks and over ‘- one are not controlled . Also ,
th , ’ r - 1 -- o r - e ’ , ; f  race elemen t :; are present , since the racks act ,

o ‘ : ‘s.ar,t 1” , a - , s :0 • I’~ 
‘ • n o  .,:or t a . ” 0 ‘ : ar ’ 1 - 10 .atO .ao 0 e~ 

- .~~‘

- • :1g.’ W a  ‘- : I , :.  e r ‘~ 0 - -il - - r~ ’ri:; I - .t  • .- .n - - —or :’- - 0  e l
— ::.a I f r a ’ - ;  were r’ira - ’o” I We’’~ Iv , Va: I -t~~ I 1 ~ oi r’ 00 -

~~ ‘‘tOes 
- .rtps ’ s o t o  -

ore :-
~~ )n~~’ I :  n- ’we’ot-r- , ‘he .ar~ount of : r — w o  h ‘~~ ;ort be .naoa 1 1 nat

• - - - 
~~~~~ :~ 1~I r.a: ,S 00- I o n: re av.a~ I an’..’ f -r an.tIvSI: , -

~‘ .aor ?ior r ’. I - ; t O I  ‘r,

— 
. 

— 
, 1 k-r ,ad ‘1 I . ;t -‘I

‘ - r b i  - ,Ia f o o r I n ~’o . T ISSUC from four ‘ . f’.’.zsunea taker ; t u r o n  “f f -r -;

1 ar . 1 4 a ’ • 00,.: 0 0 - r  Chicago sote were nxart;nc-i t o  l.’~ erooaine the rerro’.-
1-: “ o’~— V a t ” ar t )  the  ‘-oerae ra l ~o on d i t o o n  - f  The -an Ima ls. “. f lumi rae.i

a f-:: ~‘-I ‘or.a l he rmaphrodi te  with eggs and spe rm present simultan-
ore t~~ are - ‘foen at Ioffnrer .! developmental staaes.

T)’.”r”t -‘ -“  • on; Table ‘-.~O, male and female sta’-oe s are represented
f~.-iminea was reproductively active at the tome of

•rancn anO (F°br’aarv 2~~, 1)’~ and 3C lay s  l a t e r  when the first .or up
‘f tran-: I a n ’  -lams were resa,ved for contoarinant analr’sos . The
-- .‘-aro” :; ws’r° on the developing gonad “D” ~O ate at Stage 3 (see gonad
)“c ’ro; .- n , T.at ’e ~- l ) .  Only one of f o u r  i n d i vid u a l s  examined :on-

- aoo .~5 : : .,~th ;;-“r- ra -ar .-) ns o r o n (Fo —r;rn “ - 1  - Spe rm was in the (leve l - :- ;r q

~‘or.ad .; .V” -a ° .°O ..Ir,A .1. ~ Iams examined from Effort 1 rollection were
on the 4 t o  ‘-‘5 ,.~~~ r;a;; ;e while Effort 4 clams fell in the ) to

4 ~ra r a n. o° Table ‘ — .~~~~ ) -

T’rn 0’ -- or oor- i o r’oduals examined during Eff-o r 4 ‘n 01.-a’.’ 14 , 1 )‘ were
-a rn rnrr— ~-)oi--’-Ivølv advanced than the Effort 1 :lat,as , ir. the last
:oi c : t o  -r , in  ‘he ‘v-irons had rna.t:el Stage 4 (Ficure ‘—

~~~
-
~~ ) w h o l e

t o r e  t”c os was f’-ornl - -, be at ~oaqe 3.  ThIS h o s o — i o c r o c a l  examina t ion
0 0 0 j I a t es that leve l - -ment  r ,’nors ‘o be or’’ r~~~l a l t hough ~~ re in d ovo -
i:;a’.o we’; -I have to be examined f—’r each e f f o r t  and a longer time
çser i ’i  sauçled ‘-  I--’ :“r ’a b n .  1Q2
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TAB LE ‘- . 1, ~~~Ab DESCRIPTI 0N

RESTING OR SPENT GONAD

stage 0 :nactive or neuter. This stage includes virgin animals
as well as those whIch have eoaa~ leted spawning.

:DEVE L.DPING CNAD ~:)

Stage . ..ametoqenesos b ’eqins , though no r op e  gametes are yet

oa~ et o s  f i r s t  appear. The gonad IS now abo ut
one—t orird of Its final size.

St,a~~;’ 3 There s a ~enera1 increase :n the mass of the gon ad
to ~~~out  n a l f  t re  f u l l y  ripe c o n dit I on .  :n area , each
0’ ‘h i d e :orrtao, r,s ap p roxomat e l~’ equal r op cr t o c n o  of
r I~ e ieve l c ’pinc ~ oametes.

,,ta ~ e 4 The p ’nad I:; ~~c— t h o r d s  or ~~ re 105 f l o r a l  size .

anetogenesis IS St Ill rroqressina  but  f o l l I c l e s
‘r-ntj0 00 naa lr,i rIp-.’ OarnPtCS .

~i?E CNAD (P)

Stace ~ r’il ’ •’ ripe . Earl’,’ stages ‘of -zaraetogenesis .iz’e ~r.’.it v
reduced . Iva are corçacted Into polygonal  :cr rrf lcur a tions

whi ’ e the male  gonad is distended WIth oa~~rpholoqical1y

rope spe rm . The tone between ra~,rphc lonca i  and physlo-
l oq oca i  ropeness  may varj by u;’ t 0 several aa~ nths under
hfferent condItIons .

, PAWN:NG ONAD ( S)

;taoe 4 Active emissicn cos~~ nce s, as eviienced from the general
reductoon in spe rm density and rounding off of the ova
as pressure within the follIcles ~S reduced ,

Sta ~ e 3 The gonad is approximately ha l f  euçty.

Stage . Furthe r general reduct ion in the area occup ied by the
gonad ~s evident .  The f o l l i c l e s  are about one-third full
of ripe gametes.

Stage I ‘Dnly residua l onmetes remain , some of which may be under-
going cytoly sis  by amoebocytes.
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TAB LE ‘- .1 ., SIZE - ‘ 0F  ‘
. o’~-: ’ ‘u:.: ~~~~~~~~~~~~~~~~~~ TAXEN

FROM SAI’~~L.ING EFFORTS 1 AND 4 FOR
GONADAL E XAM INATI ON - RECORDED BY
S~~ E C ,.AS S

Si ze Class  ~ n )
S .a’~~ n Eff ‘r ~J , ~~~0 . )  4.’ _ ,5 , -

Po r t  Chicago
E f f o r t  1 51 ,5

Sc ,
5- ’- .2

41.

Eff ,r t 4 3 1 ,
34,
3.1 .
3 4 ,  -3

Mar’ :~~:and
4 .1’, ”
4- ’ O

1,3

Effnr 4 32.6
3 2 , 2
31. ~
33 ‘ ‘~
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- —~ I icula -1r’oonea and MY!i -,1S edralis , At the Mare Island site , both

~;‘e-oies wet. ’  t ransplante 3 :: February 12 , 1979. Individuals of
1’r ~~i . :ula we re examined f r o m  E f f o r t s  1 .tio ~ 4, Of the four individuals

“xanuo ,s ’ .t , ~‘s-’ females we re at 3tac ,o 3 and two at Stage 2.  The males
-er.’ t I ~~’ “ - ~~ ..,l-; J ivi1e 1 be t ween Stage 3 and Stage 1. The an ima ls

0’~ -rn ~ f f o r t  4 showed some development w i t h  the females
0” a c n I n o  Stage 3 and the ~ual. ’s r ”a or i nq  Stage .1. Clams collected
h:rI:-.o Eff ’r! 4 were all Ifl ‘ne 4- - ‘ o ‘~ — ~~ size class (Table 7—2 ,’)

-se ~~--,sected from £0 ’ I 4 ~er ”  a1 in the 20 to 40 mei range .
-~‘o~ orex: ialned reason ‘::e l .j i - ,nr  sic.’ class of Corbicula -dod

-
- • 

~- 1r’:I’,’e’ as .ell  as the ~r,a l~~ ’r slOe :lass ~n the field (see Section
3. ” . 2 ) .

‘he ’ n’is-.e .; examined at Mare ~~~~~~ were :oi ’-cted on Ma rch 8 , 1979 for
: ; : 0 ’ — r - ~n-t  May -

, 1-Y’ -° I - r  ~ I f r  4 .  The :larns exa mined from E f f o r t
I we re t I en ’ and ‘he  ‘ : : r”e  ~:: ‘ O.e .: awTrI:r~ ocinad (S) state were
0~~~.’’ . F I O I~~” 

— _ ) . The’ 0 .’ ~~~~ I’.’I-tU ,i i it ~‘.aoe -3 oruid not be
L Th- SI’ . - I ‘,‘l 1010 - “ x a r Io : e  I - o ~ 111 ‘rO 4 s” r ’o In various

I ,0 id’ :-  ‘ir.’ ~
.‘—‘5’i ,e ~~t .  I:. . I 1 - ~” 5 - F : ;-ire — f l )  and

F I r - . : ’’  — . — )  . To:” :s ’r ‘— - - In- -.- : I j a l  S were
a:”  ) .  ‘4’o.-;,.’. o r -n £0 ’ I -r ’ w”r” r*- ’, ’ l o  f r  r s ~r ” at e r than

— - ~ oe :~~a - , s - sn o 1 e  E f f  -r ’ 4 t n l n a l s  ~ ‘r” I~~s’ rI I-1te’ ::~~‘‘deen si ze
-lass. ’s 4 o  ‘-0 ~~~~~ . ‘-0 - 

~~~~~ , an~ :r’ao .~r ‘n_ a: ; ‘3

“lO t II  OS “1:11. , . 7);” mussels cc-c ‘ :-~te -t Ir-on o Treasure ‘0:.I~~n-~ fr-~~rn
E f f - r  I aoo l 3 ~~r” spent . :n F , I f - r  , the f our In-. I’,’IdualS wer.
a l  m a I ” s  in Sta.e I the ;zo ,awn ~o’-: ~cnai (S) state. :0-I ‘ne

or ’n e f f  -r ’ * 11  the  l n d I - ’I i u , a l s  -wet” — ‘sale -a r . - .I ira Stage I except
f -r -o;” ~~0I0’W ’00 wn~~ch wag in ~‘age 3. The s~ ze olaSs collected were

10. • :;e~~~~- - ’ ~~er  than ‘ nea ran ge.

‘~aoI’.~ musse l~; were -oollected fr”sm this site on Jun e 4, 1979 so that
;‘ne -oa?’~ arlsorr 5 might be made between transplanted mussels and those
fH - : n- I  nat- .rslly ‘n pilings , T~-ese mussels were also spent and cou ared

to the ~onadal state of the transplanted individuals. The

~~ze olas s -ised represented individuals from the 45,0 to 59.9 n~~,
‘—C .)  5’ ’ ~~~~~~ mea , and greater than or equa l to ‘1 mea size classes.

:- r ~s s’ner~~i 
- - nrle rrts -an be made -about the histoloaical condition cf

0” a o ; I o ~ a I ~~ , :‘);,~ fact h at  ne mussels  were spen t dur ina  ear ly
- I favorably t o  -. n n r  studies on the period of gonad

- I-: ’,’- -.’ ( Mr—e r ’-’ and ~~ ish , 1~~~ 1 )  In Ca l i f - o rn i a .  The ~~ st active
:“r I o d  f ’ r ~~~~~ os eduli s  fem ales  is from Oct ober to February ; males
ar ’  Or— ct a-o ~~~o’e f r — r n  Novejt*r to M a y ,  although some males  are ac t ive

nc .“ar . :n b o r n  - C o r b o c u l a  and ~~ t i l u s  not enough m di-
‘i l i oaa l s  we re examined r-’. a l l y  eval-jate ‘he physiologica l and h i s to—

-ogi:al  ;ta ’ ” of the h I ’.’al ’,”s , At leas t  . )  ind iv idua ls  should be

110
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examined. As Is Ill - 0 0 1 rated o.ere , In some cl,a me ’ s ~a l  I Ic-ur .ndlviduals
exat!U0eJ were sf -ne sex. Tlotste ’f- - r.’, r~~re i n u l v lJ u , 1 l s  woul be needed

.‘.tl I - .’ osse s s  the ~onadoj - . t a O  e , F’r ct-H , S 4X~~~ie ’ , ~a nse ,an oor.ad
I: - dt’ IC IS Ic It’ roim ned to’- mu I ! l j - i - .- ’. no t ::e n umbe r ~n “ j tch st a g e t;~, — he

1 rank i::-: - o f  he ’ -,I .aoe t~~.I I I ’ ,’ i I i  o :-~ he - ;-.or’ f hese o r
—t -~~~ 0’ I n - I  I V I  tua  1 - ;  I n ’ h e  ;a~~ o Ic , Si race h.’ nu~abe r of

.o:tI ’ ,’I t - ~~j ., 1:. ‘ne som~- lc . ,  .~t o ,  :.~~tj  I , — 0, .~ Inde x was :, e- , ’ tL:i l-,toed

0 0 I 5  ; d - ,’ .

‘. 2  ~~~~tt:Os ‘0 ’  O :cne ’nI i_

~~~~~ I :  - ‘ ‘ : 1 - - ’ ; ’ ’  , 1 I; 1 1 t.’;d .a?!tI on ’ .t - Id .i: ,~a I 0’:,.’ -; - 0 ’  ‘-~ ‘ i I : s  ‘‘l u 1 -,

a:. I - -r:: I ~- ol ~a t I nlne .t L’1 I ~‘ ‘~~~‘ ~I “51 I— ~~’’::r’oor’’ wer’’ ~‘.‘r: Yost’ I to

r”—- .:~~’,’ ~— --oI’oI—-’0 ’—r .’0’,’r’-’: ,-e f - ’r I.”,’s’ I s  0’
‘- n ’s,’ s u h s t a n. :e’s, ‘.~~ck ~f o~~~a r a b 1 ”  l a t a  for  M. e&d u l I S  f r om ‘he
‘-‘1 0 100 It ’. : : c c c o ; S m t a t e ’-; 100 t c r - - r . ’ ’ o t I :n - ‘0 ’ r e s u l t s - -~:t. ,a1ned l ur I n g  I hI :

O ro~~”c t by -‘r~’ar ~ .s --n 41t:’, r”Or~Ie to-O;oUi.i t Ic-nSa ; in the case o f
we bel I t”.” no :‘rçarable OL’asurea,wnts have been pub l ished .

:0- 1 - 101 - ‘r backor-—und - ‘n te r t t -of  : l y- - - oen ~n lx -th  b m v a l ’.”’s species
f . sr ‘,‘ IIns in-I 1” f ’ z - ‘- ‘rbi ~~:ala ’ was substant~ a ll’ ,’ hI c h e r than

- not :bse r’,” d a i~~.’ Ime lur In-c ‘ ne r’,~ a~ nIer - f  he - ; t - o - I ’ ,’ ( l e s s  t han
~~~tra ~~‘ l1 - :O  .‘ ; -t ’- rb I u Il , :o-nt’c n t of M , edulis remained

-,‘ I r -. .aI - , - Inch - ed , ~ h IIc II;- I I -r,r”rt -f  C .  f -_ am~ n ” a  lec reased
j  Ma z-e ; I ,an.l rut appeared so i b l”  at ?-‘rt ~h: c a n e aT ,ab .- —

~~

00 1” .n ‘ , fla r ln ” I -~ tol I.’ r.’nra-:~ n : n I - ’  “s~ 
• han.  - re— thl r-l

01 0 r- ’’-;’ o_ I~
, “ ‘ .‘.‘ Is , II 1 ::~v :-” ~~~~ - .  i i-  V dI 1; — I ~~~ ‘ 1’ “1”

M.arn 1 ; l i n l ~ : ~r ’y ’ 1o. 

- I -  -;  kno~~ IN’ an extremely l a b i l e  res.’r~~ m at e r i a l  in many
rI- ,’a I- .~’c . IncI I t I n c  ~~~, ‘ 1 : l ~~ ; , -t 00 I cO’ ar. :~‘s 100 II; 5- I”00 -

- n t e n t  -are
- -

~~~~~~ ‘:; I ‘:‘~~~~~~~~~~~
‘ Y’-~ ~, - - r”n’,- n:;,’ • : 00’. I - I ‘01 c - a l  :1 r” c c  and -as ar .

“-o r a l  - ‘n:: ro~ - 0 ’  - a000001.% I I ’  :‘.‘c- I -c :-“r r ‘ ‘.‘~? Ow’ • -at). - 1  I c- SI’ -

H I; ’ - I  ~~ I i I  r5”r’~’-i ’ I ~00O “00a-Ir’ 70 ~‘. ‘ 1:1 o -; ~ornads ( - ~ee e’ tl - )00 ) ,

— - - 
-. . “ : .  -a. ” I -r, a :o” —“csar I- - ’ c raa I - -irs? l I o n , S;o~~~E’’5t t h a t  a (‘s s t  —

-: v—0. I~~~I o- ’- -r’al a ’I’n w a s  o s e t i; a ;- -- - : s - -- ° — ‘ I ‘“ct or-San1~~ms 0’ -r ‘hIs
- ‘- - . -\ ;-; on In ‘ 0 0 1 - :  be • :-e c - as ” , oly—ogen la ta  In-Il -itt’s i

~~00 1, I I ~~00 - f  - 0 0 r - n I  : ~~:‘-s-; 00r~~’-’-1 II ” - ~ a~~—r. - ; co:c:-e ro rj.’-j ‘“ct ‘rnar ismS

r 100 0 :~“ “5- 1 ‘ I — f ~~
‘ - 1.1’- . M-’we’,”-’ 5- , -, I ~ 1 - -al ar.d ~ ic - -- h”r I  - a l

1001 -
~~O’,3’I’00 -~~j le- ’ t’ -‘,~~r -sos c oo a r i ” v eI’,’ chr-rt (In c—o rçar’c-or with

:-r.O’c1c- .:ogi -al 
~
‘: - l ” - ~ r-”r I —d ‘f ~ose , makes cu- coo 1nt .’rrrc’~~at 1 f l  S ’I’aP—

what ‘en- u c-n a s .

t Ic  1000 ’ ‘ro’-sa~ I ‘r. ‘n - -rbl - : i nh ’,’s m~o1 cy, In - cl - a - i l 000 Its reproductive
t InIno, Is rresen tI~’ a’.’a I I a L - I e :  to~xt I ’ iS Il k el-’ ‘hat 11 ‘o’o o~~~rates

i’ I ” a s ’ : - a r I . ~~~’ :00 a ~l - . onr;—base-i ~ e t a b r ’ 1 I  . ~ata presented

ll~

U ’ — - —
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(T-able ‘— ? ) a-: am n s-u c-Tes t S Ihe j c m s i b m l  I t’, that  ‘ e - s t  orqanisms were

c - u -  mn q w~ I:; -,oI~~ en”ro’’— -icm,a:;dtnn stress. Hcwever • ~*1I n.~’-ar - Itta

o elate ~I,’ n 0 - ~t’fl , I IpI4 , as;.t re~ r-nIuct I’.’C U t1  l i z Ot l o s .  0: these
cmp~’un-is ¶0 one ato the l in oinstressed , :501 u r a l l l.- — syn-cnr -I1 I~~esi

I -
~~~~ . : at e~ sI nose re ’1 - r- ~du.- I ’ .’e ‘‘,‘ Ic , rt ’ l i,tL I.: c on.- -~ u inns

r~c I z a w n .

I-I I c’.’,’ I:. ‘ ‘ .‘‘c’ . :I;rlne,a It’ - I I  ;-..‘- - I 0’ o-os~ ;-re— ’st u.t’,’ I C’,’~! ls
:00 - 0 ~t I  ~-n w i o - n o s i c r - : s - - - : ; - I c  - L : e r ’.’~it  ~cns , -a l . -  - . u- ~n e ’s t--a the

I I I to~’ ‘—I ‘ : : a O  .‘ -~~~ oar- I - .o~s wet ‘~ st reso ,.’ I .  1 1:. 11.1.’ t’, SI InO t

‘ c - ’..! ‘n~~’ 11: - I I I - ‘‘ “‘1 - we s- .- I. ’ - 1 _ o i l : : - :  ~t ~‘_ar.’ :-~ I - t::-I I:,t I oo~ ~ I f - -r ts

.n 1 3 .to I I..’ a -; ‘. I ; t o .t I:: rv~ao,’’ ~ i:; :bscrvt’.I :o’. Ef 0’ r • 4
,,c flOdO . ~‘X05O I :ua I - nfl a 1; , n  lr,d I c - O t t ed Ihat development ~a, ~

- t-o —

-c.~d I:; : a’ Mare :sland as - .a~ idl y as at rr-rt -:hicage , : : ; I e r —
o ~~~! ~~~ I’.” ~ Ob1e~~~ ~ I ‘01 ~~~~~~~~~ I~~!~a a t” -as Imsc -us sed I c r  : iy  - - n e n  ~at a ,

-c -“n ’ :: I c-net” .tl -m - r- t ‘:as .on—oes t. .’t ‘I~~~t • tie rat Io ~of too ts free at’tito-

t O l dol , ‘tur Iooe and ;l~ ’ In ., , “,a’.’ be o a - : I ’ . tv-I , a ’ I e t : ,  I n
I ‘.‘-t I ‘.‘e nrt’. 1.5 5 , a:. a - i ll I ’

5~ t’ .5 I O I ’ .” I I :a ‘s - ‘0’ “Ow’° .a~ ’ •I C bralance

- r  . :- “- . -  . rh .o; I:-. “k’r -.’n .arI a  rwr - ,~::.az- ..i, _
~eff:1.!s • ‘

~~~ , o o n c iu d e d
1 Or’i It 0.111 — H O,hxøC r I.’:;:; I n d I c at e S  a ‘n c-r~~a i  ~

‘

wOO.’ rCaS t a t I ue tween f Ive -a:-,d : ; t ’ ’.’ t5 : ;  Ir.- I .:at e c-hr — n IC St r e s S.
I.; - ‘ I ”~~r , Inoq-ec I 5-l j I  ‘ ao-  le, ‘ — _ t i a ’ In. - -t” :ao I SOn w i l l s  L,a -. :Y.nr- uTi d
Iota. t toI S YOtI ’ Increased f-or both bivalves . Il  orust  be noted however ,
‘ hat reltla er One o’a IdI ’ of ‘he taur~ t I e - g 1 -c~ ne r a t : c -  is an IndIca to r
of st ress 100 the  ‘-

~~~~‘ ~‘e:ie s -:sed nere , c; - ’r ‘c oo p lens - c,’ -

“background” iota p resented here 13 r ep resenta t iv e  of n a l - ir a l  pcpu-
IaII -OnS has been estab 1lshed .

— 
- 

-; 
~
‘tunOt : - — r ”

- re -‘-a rop I’s-a 0’ -r - ‘n -I .”w’r.a ~ .cr o f mnfa a in a were - ‘ . I c c - I  ed tI t n’s beginning

an I “oo.t - 0 ’ ‘ cot’ ;t l~lo c-”r ’.~ -d - t e ter -n i ra c • 0’ c’hanaes - 0 ’  relatIve
abundances or -;r” -~ “c O5-5It~’S1O 1, “0 ;a.t “tO --arr”d : r e s ul ts are prese nted
100 Apper.II x A. ?he ~res ate st vOrI .’t’,’ - -0 ’ f a - j xoa  was 0’ ‘sin-I -at Dreasure
:s lar. .I . F- - It sçcPc ’.eS ‘0’ p olychaetes , ~~~~~

- 
~~ l uscs , and several nema—

“ ‘de s we r’- f c -uro - I. At Mare sland , two specIes , c.acr., -of polychaetes
m l  ir~-hip.’-ls were f:’ uIId , 1:00 I u d l ng harpac t icci-i  copepods and nema-
• --Icc. :n . fa : .na  0’ ‘ur d at Port Chica~~ included -n - I-.’ nematodes and
t wo ha r : - act ~~c o i d s,  Fxam~n a t m o n  of ‘- ro e data Indicates ‘hat gross

n a n ~~~ s of measured Infauna l character i stlc -s 11.1 0Oc ’t tOk’s place
I— i t  lfl- : ‘n.e St u-i’,’ period .
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$ ot’tlraeflt — Particle SILt s  A n a l - n I : .

At ‘ tie I ) e o l nn i f l q  and end of the .1 -ud -.’ p .’r 1 -ni , .a s ed im ent  :~.tt’5I Ic was
oc - I l e c - I t ’  I ::‘r~ ‘-~tc- :; samp l Ino stat ~on Icr 0 ,t! t I c - l e  $ I~~C t 0 0 0 l V O i i S .  t
I a;~ -~ao” nI  : . a t  at a l l  t n t . ’ .,  - , tos~ ; I j I l t ’ s Itt- ma - ‘s - c o a s t  it  uents

-~~ ‘tic ~c t I t ’~ s : s t ,  are silts and :I.tvs, Inspection ‘I 1ie : OZOIIcIC Size

1 1 , 1  r I r u t i - o n  -
~~ 3ed~ men.t s.a~~’lt’ o-: l tsn_’t ed  t n t  ~:on I tits first and last

samp 1 ~ :o : I ‘rt s suqqest ‘hat  ::o apo-reciable craa:one 1:: 0 1..’ per-cent .aqe s

-of -
‘ -an-I and  ‘31 It 01.1’.’ 0’ -‘ I ti ~c- .0.t to ” - I 1 qSI ‘~ t?t ’ti s.artq I I t o t ?  .‘f forts

-
‘ 10 :°~~~~I-.’’ ‘

~tDt’ t -a

-r c- ‘ti,, L—e- ; • n n l : - . 0 00 :~~.‘I 1 .~ .~~~ 1 I n :  1 • t i l: ,  I ~1ot Study , -a::

.atltsosp t n-i s osad ‘a. ;,ate • ti t’ 5 1 1 ’ a O l  ‘. I ’ ’.’~~~~ ‘ 0 , ’ 5- 1’~~~r L aos
:- .I~ 0’ I - s n l n e . a  as 5 test -tOOtrIloan, A :~‘s’.’I’W -f av.ai lable I I t e r —

t O S t  “ Itidln _ ,ittsd I hal It’’ It’ is kn.’wn. alxo -jI ‘roe - o a t  nra I ho , c - I  ‘-r’ and
- ‘l - ’-~ .’ of this nr.’~~ ..’ s i ;  I:Ifc-rm~at Ion. - -5 -I 5- : ...’ ~1t,Il. ’’,’ ot 10015

- ‘n - to ro~ ra t.’ tr ac’-’ “ 1e~~,nl :5 an I rn:!s ; I:; n.-’’ abundant . F - o i l
sotIlall ~on w II:; ‘n.e cc o f  ~ZO4Ioot’ .’:. , o r’: 1 I ~lro~ar’-’ I abcs: at - ’ry

“x:-er Ir-.’oo t -S w”r ‘‘ -— -:nt-a -I. ’-t I n  an a’t”r’a~- ’ ‘ ‘ O l I n  1:0 1 - z -oo-a 1 1 u — - - t o :

I )  t tIt’ ‘-‘ ~~~‘ r-i 5- ‘c 00’ n I S  bi’.’a I ye 10 - .- a I - n~~~ 0. v - a  an t I .0 1 0 - i t “- 0 .~ t
-II s- in 3a’.- S F- ‘r ’ ‘hI -to - ’’ .tnd ,ar- :u~~:t.’~ Str .ai’ ~‘tm r’ 1 -i I a n s I  samplina
.ItcS : a :. I (~~) ‘cn.e alo l I I ’y  o f  ~ 0 o - b I ’ ’ I I . i  to c~~n.-:ssn’rl1t’ to at:.’ elements
100 1 00.’ I.~’- I .  I I soles . The l” I - O ~ , pr - . e n i ur ”  i n - I  re ’,:a 1 :; o f these
•‘ .‘c-p” r 1 015 00 ’S ar” I I  ; - c - t s - . ’  I bel ‘ w .

- : ‘ . I ~~~IOI ttake

An •xpertment was onniuc’ceni to determine whether — r ru-t Corbicula
f l u m i nea wr .nal  I res~ -~-nd under laboraoc~-cry - .ondi t Ic-fis to increased ambient
I.”.”’Is ‘0’ ‘hr,e trace øleosents, ~.‘t-per, cadmium and zInc were selected
-on ‘he basIs  on f body bu r oj en data obtained by the c-.aiifornia Department
of F~ -~n. ‘, ~,ame ( 1  ~ “ ‘ ° for -n r-.? :-Ioaen s  fr-on the 0c,- ar .a rient ’ Rive r Delta.

‘‘rbi:-sla fluminea were obtained from F-a r.f’.li ’s Bai’ Thop in Antioch
‘r, ~“h ro~ar’,’ I,~, IY’°~: watCr from the S a cr am e n t - c  River was collected at
the -sOme ‘ime to serve as test medium, The -clams wer” randomly
a s s I m e t to aquaria containing rive r water and allowed to  acclimate for
wo weeks, Additions - of  0 , ,5 , 5,0 and id micrograms per liter of
:opp.r, c admi una and zinc were then made: each of these treatments was
replicated once .

FIve randomly selected ~~ams were ress,ved iuvmediately from each aquaria
(Day ‘c- sample, page A -41 , Appendix A ) and frozen for later anlaysis.
On the I)th -iay of the experiment, five ~~re individuals were picked
randomly n la’, a l - C  sample , page P.-41, Appendix Ia), Pz’ior to analysis ,
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each group c- r 0’ive clams was homogenized to form one composite sample.
Each composite sample was .anal- .- .e- 1 for  cadmium , coppe r and zinc ,
Resu l t s  of these  .snlyses are presented in ‘I’able A — i S  on page A — 4 l .
Appendix A.

The results of ‘roe ~mtal uptake experiment were inconclusive . Al-
though none -of the metals were taken up d u rin g  the experimental period ,
it could not be concluded that this bivalve would not accumulate
t race element-s unde r f I e l d  condit ions,  The period ot exposure time
was apparently t~~~ short to all - ow n - jL s tj t o !  1.11 amounts o f  metals to
ac c u m u lat e  I n .  ‘ 00t’ ‘I S SU e S  via metabolIc

I - 
- C d . 1 I I ; I I t I ’  Tolerance

In ‘rIer ‘-c- evaluate the s al in it y  t o l e r a n c e  )f C .  flusunea, a short—
t e r m  e xperiment  in w h i c h  the bi ’.’a lve s were exposed to selected salinity

- -or .centrations was conducted , Four t reatme r-s t t&nks were used for the
• ‘ x p e r t m en t .  One tank served as a control and the others were used to
expose ‘ne bivalves to t h e  fsollowinq salinities: 10 , 15 and 30 ppt ,

A ;rooip -of ‘en clams was installed in each t.ank . ~ jr1nn the experi-
metot , the water in the tanks was constantly aerated and t I t . ,  bivalves
were :‘e r l o d t c a l l c  fed with Selenastruis c~~~rIcorn ut-un, -a freshwater
or~~en a l~~a .  A f t e r  f i ve  lays -i f exposure , no ~ ‘r1.a1ity was observed

0’ ‘n.e tanks. Howe ve r , obser.uati-no; ‘to behavior made durinq
‘hI s time suqqested tha t the  cl ams  I n  ‘he ‘rea tmen t .an kci were
neIther reSptrin~ nor feedInc~ at the same rate as the c o n t r o l  group .
In. the o n r o t  r— ’ l tank ar. abundance - of feces aro d -se:i l of e -,’s were present ,
IndIcatIng th a t  the clams had been f o , I t e r : n o  ‘he  w a t e r .  Icc’ fec a l
materIal was bserved In. any -of the treatment tanks, After eizht days ,
substa::tial mortality had cc ’irr ed in the treatment tanks. The
f o l I o w o , r . o  pe rcentage m o r t a l i t y  was observed : 30 ppt - b - 0 percent;

15 pc-I - ‘ l percent : 10 ppt - 60 percent ; contro l - 3 percent.

The results ‘f ‘he salInIty exposure tests I n.II-n%tQ-l ‘hat Corbicula
floaminea oa.ao’ be ~n o  - l ” r a r .t ‘- even ch ‘r’ -‘‘s m ex1.~~sure t o  sai~ nit~es
as I -w aS I) p-a r s—p er—thousand. 1 Is f-crtl-.er su ggested th at the
IO l Io- i t ’ /  threshold l im i t  for  t h i s  bjvai’,’e is between 0 and 10 parts—
per-thousand . This fact msy limit the usage --of this clam f o r  bioassay
purposes o the uppe r Delta regions, However, more detailed laboratory
experiments should be conducted on salinIty tolerance and metal uptake
be fore Corbicula fluminea is used extensive lv as a test organism for
San Francisco Bay .

116

—, 

- 

— ----5-—--- -— _ _ _

5- -  
~~~~~~~- - -  -



r~~
- -  - --- -5 -

~~~ 

_ _

-‘I

RE FE RENCES

Ato : ” : I I n . I , ~.A., 7ha~ man , S..’~,, ~ ewt c-n , A .S., Riseb rough , ? , W , ,
‘a l e , B . E . ,  ~eL~tj~~~’ , 3.~~. ,  r1’.- ’.n, 7. ’,, Hodgson , A.?,, ~~c~~oro~i 1c~~ ,

-~ , .7 , , ~~~ 01,t~’’1 • I.. , -J ‘ ‘aca~I 1 , R ,5 , , .  tn I — , :‘ . H .  a n l  S chnii i t  , T . T .
I ~~‘ ‘~~ A flendIX : , P - l l o t a t o t  a~.~aI a b i 1 I t : ,  ln.~ ~‘.S. Army Corps t

rec)~e t b , ;  ~~ - t ud’,’ — San F’r~ar. -~ sco 1~a’,’ and estuary .
a:. -‘r 1:001,00 : ‘‘ .J , Arm ’-’ o rps  Eoo~o~ n ” ez

.1 , A , , 1:011, SI -:-~dc - . , P - , 1 a - np~ e t’-’ct of e ’- -~ rature and
~r’,’tt ~~~ ‘to ‘ne :- ~‘.‘a1’~’.’ ~‘nax i- : t tatus in exp”r iment.al labora— 

slat I ‘n- ; Mar, ~4 i  - 1.  E c o l  -

I: , . 1 1 . ,  . ‘ ‘ , Pa - c ’ : - ;  a ~~‘‘ 
‘bn~: ‘ :-.e ;m - WI n t n . 1 ,  - c - 000I  ‘ i c-u s  o t

~ 0I:.:,,’,2. ”!’.’tb -st. e~.-:l :: ,  , FI .~:oer’.’ n’,’estI :a ’. I - n , M l : o I - st r ’,’
I 0 1 . ’ -:re , P1 nt’: l’’S tud P ! . toW - : , - ’’ , I I C : I 33 .

~ a- - t ’n , d ,~~ , ,  7- ~ - Tra-: t ~ e l  ‘‘~~‘ot ’ - n ‘n ’ a : . - ~— 1 - - ;I c ’’  I n  ~~ US -S
‘: ~~~‘ or’-’, ~~~~~ 1 L-: . lS ’.: 1 1 1 — 3 1 4 ,

~L a - ne , 3, , , ,  ‘~I I t o w- ; , ‘ . , a n t  7’ . o~ ~~~. _ ‘ , , I ’~’’ - n - - ~~ . -:~~ - a l
: :o ’ ’’ _ ; r a t  I 0:’. , I :: iS-a-Ine , .1.. , -o~ , , ‘- .a: lIe o-l~::,:,: I s , ‘net  r ‘‘ 0 1

a n t n -- ’ ; . I °r : ’ , 
~~~~~ I ~t~~’O 

_‘to I’,’4’ ro ; I ’ - Pr’-:,:;

7,v- ne , i’ . : , ,  ? h- r - ~~- , -n. , ~~~. ‘
. ,  a : . . t  .‘~I 1 , - -S , ~~,, ‘ ‘ . ° - - T ~ .s ‘ 1 f ’ 0 ) 0 ’ ’~ o~

“—:‘.‘ rat- :r” 5n.-~ -
~ - on. ‘ n.e r -a ’ - Oxy - :’-n  - - :0:, -_a

~~
- • I u- 00’.’

“ ‘1 1 1 0 - ; ‘- t , . ~ :1, ~n ~~~. ~~~~~~~~ 
.‘ l . ,  E~~t”  ~~~~~, ~~t t”r~i; “ra t-or ” -n 

- ‘- -Or oan. I -~~~S ~~~0 I n . - ;”r  — - “: I - - ;  , 1¾ - : 1 n , :-~ I — I  ‘3’

,an ~‘r , , , ‘;~a~oa n.a ma , , , I ~~~~~ - Co mm ” 1 at I ~n. ‘~~ 1 1; - ;c-
~~a I

a ‘ I ’ .’ I ;  an .0:-re :;’ I c-Ot P’, ‘,an Io l ‘‘ :- :  ‘ hel o-i ~’. 7 : — I .  P o o l l . ,
- - to ; 1 ‘1’’, I 3 1 :

P~- nIe , ~~~., 1 ‘ ‘ 7 ,  E f f e c t : ;  of a - t a p ’ l t b c n ’ o r~ duce- ~ ;Ol .: . ’’,’ -r .  f o l t r at ion
- ‘  I-c I ’ -,‘ an n- -ait : - 0’ -iu -,sE’. - ‘ (M’,’ c~ I ss • d u i i -  , - Llxp , Mar .

7- - oxIn. , ~~~. , I 11, :nfi-~~’r~ -e ies -.‘OrIatI -n s mapi  :es ~~‘ Is sailn Ite sur
a - ‘r.sorvkatb on ~~

‘ -x’,’-;en,’ :hez Mytilus edulis, ~
‘ar :,alici-r-uncbali s

( ..i’.k~ P ; a I  “ In ~e I ‘ : ns t  I’ -it Oceanoqraphique ~ 4o ~ : 1 — 1 1 .

Br —wo o , B. , n 1  tkiwell, P , ~~ .,  ~‘I , Th~’ ,~f f e r t -
~~~ o-’rrer and o b n . r  0

‘r. the o’u-s’o,aL)ollsm ~f t~’t l 1us  ed u l is .  M a r .  Rb~~i. l’~:lO8—ll8 .

Pro-a n , ~~~~~~~~~ lY”~. Some aspects of heavy metal tolerance in aquatic
‘r o - an io , In. ~ c~~~wnod . A .P.”., ed., Fff~ cts f ;- -‘llutants on

troanlcns . Cambridge “nive rsit-c Press,

- - - - -- —c-- —— 
-- — - —~~~- - ----5-



-------5-—- -— - - - -5 -- -— - 5--- -- - . - - - —- -- --~~~~~~~~~~~~~ --
F - ‘ - - - 5 — — -

‘hi~ -~~~n , W.A ., 1966 . ‘pta~~e and a c c - s nu l a t i n of - chrom ium—Si  by the
clam . Tapes Jecussat-~s, in relation r physical and chemical forms ,

I nt e r n a t i o n al  Atomi c Ener-i’.’ Agenc ’,- , Di sposal - o f  r adioact ive
wastes Into seas, oceans and surface waters, ‘.‘ienna pp 5’1-582.

P~ r r , of  F i sh  ~ time , I Y ’ ’ , Analys is  of :‘hysi ~cal da t a ,  trace elements
t :o-t pe st IcI~Ie r”sidue values for  selected Nor th  C a l I f o r n i a  r i v e r s .
‘n : -ubj I shed  r,n~ort t eh S tat e  Water  Resources Control  Board,

Pn~t l~’r ,  R . M .  • Br annon , S . M .  • ~~se , S., and Pi :r,an , 1. ,  -p 7 . A practical

-cslective extractIon procedure for selilment :naz-Icter10zation , 10’, a

‘(en , T . F . ,  ‘sd. , Chemist ry  c -f mar ine  sed iments .  Mn Arbo r , Michigan :
Ann Arbo r Science .

F-vIe :, S,W. , and Benayc’un , I., 1- 3 7 4 .  Experimental :;tJaIICS on cadm i um
fI~~x ‘nrc-u-rn nar o,roe b i ot a .  Radioactlvlt’,’ in the Sea Nc - . 44.
:n e mn a r  I -r~aI At -riic Enem -~v Aos’nc’-’ • ‘.‘I’;rofl.a

I ;-  - 0’ , P - S , 1 “-4 , OPt’ amer  i - nan. :v’r too- . Fishery 1’;: I l  “I in .  of the
71  -; n. an. 1 1 II f’~ Jo r.’~ ti , 

- ‘  
. S. 

~ ‘ c - ’ , 0 ‘no l oo t .‘r~~- m ‘-4 : ~~~ 3 — ~ •-,

-i moo. ’ , . :-! . , tn t .~a u fm an  • W .  2 . , I °‘4 - 9i:o i - -- -oi -c~aI 
,!ff,.~~t5 of sr~~~nium

I’ ~~~. 1, 1, 1 I .to • : c’ mc le-:~ 1::” r v ”  I -o t ’”  r. - ‘St -sar i f lC

Auf’du ’n.s , :‘n.’~- t - c p 1 , t r o~~t -rt , an on c n r r n ln l te s .  ~~PL Rept . No’ ~4 — 5 .

C~e f f r1es , I L ? . ,  1 ~‘4 . A -str”S s cPc-to-~ r---me ~n ‘Ole n . . a r -~ c l a m,  “~~rcenaria
mer-renaria. 3. -of nverte . Path. 2 242_ ,l.

Va11 ’,,  P , Y , and ~11-Ihabr ,  M . ,  l~~’3.  A sediment  %queezer fo r  removal of
w,a ers wi’hout air contact. 2. .,ed . Petrol 4 3 : S S 3 f f ,

~‘el I ,  0 .#~~. , 1 i” - E-C-’-i — - rI - c - a I -s t - s i ;  ‘is - f  ‘ho sacramento—San Joaquin

“Stuart’. Par - I .  Z.-w~;-lankI-on , zoobenthos, and fishery -c -f San
and  Suisur a B~a-~-s , :ooplankton and zoobenthos of the D e l t a .

~~~r t .  7IS O’. . ~~m e ,  P13r 1 B u l l e t i n  1 1 l ~ 1 — 1 3 3.

1964, The effects ‘f temperature and salinIty on marine and
bracksih-water ar:nair. ~~~~~. Sa l in i t y  and temperature—salinity
:--n’Omn.at I o n s .  7 -anocraço t-,y and Marine Biolrioy Annual Rev. 2 :

M a r t I n , M , ,  oa r-I Stephenson , M ., 19”R , Humb oldt—Arca t a Bay Transplant
P i l o -’ P r — 30c ’c Experiment f r -c-n November 10, 197 ’ to January 24,, 1978.
7~~-’ . -~f Fish and -ame , Marine Resources Laboratory , ~t ,nterey ,
:A “npublished)

Urr -rn , D . P . ,  and Reish, 0.2., 17~°. Studies on the Mytilus edulis
- ‘n un~~~” ~n Aj imetas Ray, Ca l i f o r nia .  4 . Seasonal variation in
gametes f r -o n I~~f f er en t  regions in the bay . “nh ger 11: ~~O—2S5.

118

I .  - _ _ _  

— -- --5 --- — — 
~~~~- ---— - - - -- - —-—- -- ---- -- -5- —-- —



National Sc’.et;ce Foundation , l~~~7 . Lonq-tern-t ecological measurements.
Conference at Woods Hole , Massachusetts , March 16—18 , li7 7.

National ScIOflc-e Foundation , 1)78. A p il o t  program for long-term
- D s erV a t~~ ons and st u d- ,- -o f ,scc-s’.-stems I n  t h e  U n it e d  States,
Ri~ ott of a ~c~-~~nd ~-) n r e r o n L c e  on l ong—te rm ecoluoi na l measure—
Ooaents • Woods H o le , Mass . Febr-sarv to 15) , l - ) c -~~,

‘~
‘aI lonal  Sc Icuc- .’ Fc-wodat ~,on , 1 )‘  

~~. L o n g — t e r m  ‘c - - cc - ic - ui nal c-aeasuremen o~
O h i o -  I ‘ -n ’r ’ ’on - e ~~

t O l E  C nst ~I-J~~o - - t  ~:~ci — i- ~o~T0- , I :o-i~~.~ ;apolis ,
1:11 I 1,’oa • June -

- -: — 2 ’  , 1 ‘ ( re so. )

~~en , , 1’ ’ - - . bs.’r’c a ’ . — n ‘cole stamac.1 at ;- : i oo s m I v c  tl ’.’ortl_ -- Jla
- no ~~~~~~~ I I :oran -:: I.; , - The ~fl sony-i r~ a aoo~r “u , ame 111 branch ia
u a o - t ” r l o ’  2 . - f  Macr-~s . :01. “ — :  5 l — ~-

Ic an ~i ~~~~ r ,  I~~’L st ar 1:51 ~cs in Re,,carch °r I~ t . :- -wa C i O 3t t !

n I - .” - -r - ;l t - .- I ” S S , Arao - -..

Re o—,a::” , A .,  t n t  7 c h I ”p ’s r .  C . ,  I ’ ’I . Br - i - : - - - f  n r a -  s~~,:: j t e r ,
-.~ I .O ’c- — :n ’ c e r c - - l ,.n -” , ~~“

,. I o - 5  e n.. 3 ’ I .

~-~~~ sbro-:un , R . , ’.’ . ,  to ’,..a~ -t ~ • , B . , -. ., and , a lk e r  ~~~~~, .-. ., ‘ “ -. T: a n s f” r  of
0-. I I n t ’ l 0’a~ .0- - u I  am we I :00 ’ - n l - r I : o o a t ’ ’ d  :o’,’~t r o~- a r P - ~-n ;  ‘cc- ‘ nt’ o’~a r  m e

r 0000’iO n t , I n t - n  , H . :. . , and Pu~c~ , P J o - , ’ ’ - IS . , M a r t  :e  ~~
• an mans f.- o- - i c - a  I t :;  a : :  I . , ~~ XI :, -: t ‘to

Scnos z—B al d e s , M . ,  : aN - .A . a - t  :0’! a~ce ~ o- on ;e - a w a t  “r  an.5: f inJ le ad
I -c s  In. ‘~-oe c -nra--n ri;ss.’I “'‘I , - o: ; ° rsl IS . “.ar In P1 - 1  - .. ‘I 1 ’ — I ) 3

--

I .  ‘‘i-” r , ‘
. , I ‘‘ - . O’ ber ‘. I ” : n . ’0’S I  1 u I  -non  .~ I r ’n c -  o~’o . :os Bra ck—

w,as :;t’ mos . ‘a- -n. ‘-‘f’ r ’° u c - n o n .  atod. ’ r ‘Ip :;r,u:;- n” I “ ‘ ‘ I l , :~ ‘-

~Z I - o  I c r  M e e r e s f a r - ; : n .u n~~en I I :  2~~— 2 3 .

I f ’ or  , S. , Pa’.”cc-r: , S .  , Narul • B - , a: I Muto t  -wt’ b y  , ~~, , b - The
.‘s ’ ima t l  n - ‘0 ’ r I ’ ,’ --o qc- n. wit :o ‘n.e antr-orvs reagent . Ar :.. Bioc :,en.

1) 1—2

The I I ; , P .E .  , and K ir’cp -oat r I c-k , ‘.A, , I ~ ‘1 , An assessment  - - I  -a u t - ’mat Ic-
;a wo r fl—v s.-a rirl”s. Envii’r~a .  P r - - I , A o en . ,  T.-:n. • - r .  E P A — R 2 - ’~~-~~’1.

J- c-~ a i , R.R., and ? s o h l f ,  F,~~., l 7 ~~-~ . Bi- -~metry . San P r - a n - o I s ’c - :  W . H .
Freeman & -C -i .

Standard Me t hods frr ~he ‘-“ xamination -if water and wastewater, 14th Ed.
American  ? uL ’l ; -  H e a l t h  Associatmon . 1)~~S.

Theede , H . ,  1~~~J. Experimentalle untersuchunqen ube r die filrations
leistung icr nlosmusche l ~4yt i1us  edulis L. Kieler Meeresforschun en
I ‘ :IP° 4 l .

1l~

_ _ _ _ _  
1~~~~

L ~~~~~- 
05-5- - -



5-- --- - - -  - - - -

APPENDIX ~

p~~~CT WATER 
-~~‘ALlTV McN:Tc-p :N~ STUDY

SAN F RANC I SCC- BAY AND DELTA

F.RRATP~: P i qo s  A - U  an d  A - 3 2  h a v e  been r emoved .
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!-‘~KE.

t~e~~iuse t::e tesi~ n ~~ ~t Lonq— term monitoring program i,s centi red upon

~ ‘o.- .C-;’1is i t I~~n ~f r e l i ab l e  data -o t~ su~~fictent r cis~~~n , ~t prl- r

‘(:I-)WI.~iOt? ~-‘t ~imary ‘ur~’es ot vari.ltion is .‘sser:t i a l  . The second

~- C 5 -’t —.t - i~i.~’ suggested in Ze-~tIon ot thisi repor t  i s  designed assess
‘~ o so; . s ’ur :cs  of  var2atI -~n in order t~ 1at ~i li~n - : — t ~’rm prooram m ig h t  be

I :n.’ ~n - - - n  —.‘ f f e c t  i ye manner - s e7,:;t’nce • ~
- 

~:t~ ~ 11 5~t program
: : : - ) r : - -~ r I 0 1~’o , r e I - i I _ ’,Iti~ ’n -i t 111 1.~’:t~1s of -iar Li~n-~ and a f l a l y s i s ,
i I ’w ’no ,~ ‘::.- r — -~ir .i o’- ’ -; -~~-n c lu s i o n , -~ ie’- I q n - a - -n max~ mi zes e f f o r t
15- : - 1: : ’t  -lre stt’o’- variab~ . i - .- ,

1 I - :0 5 C - -sram -~ ta ’sI - ;r; ( -~t — -b~ - t 7. C:: - r~S~
-t t 7. - O ~~ t o  deter—

007.:;.’ ‘-01~~ :01uo7.bet t 01 IC I t  4,tC~ :.- ri - I I C  1 ’0 I~~~T 4 C . ’ ~~ 0 11 r- a’ -l - r .1 : term
T~,is ~i 1CL ’- : r~in  1 0 .  :~~ : - .‘rfoz’me d it m c  three sa1?ç17.ns~

1 0 1  C S ;5,; t ’ j  C 01 nt’ 1:5101 1,41 t oat -sd ’.’ - Ma re sI , 01 CI;I caqo and
Treasure ~~ • inJ -~~~ :s 7 . J i o :  water -

~~~~ :nz~, suspended a r t  C c u l a t e s ,
1.-i ~-i rt  i. C 1l,ttCS i:: 1 t~ ’t t~ m ~;.‘s t  oic n , rlc I~t r~~ - I C -:at Ion -~~~~ bi va lve

“ CS ” ‘r - ian lsms .5 ~CSC iS!3C-~ C~ C -~~~ 1 - f l

‘
~- ‘ “r’ O : - I  -; 1 - 4  - lata aco;7.5 . - . ~~~~ ~~ ~ : 1)4. 010 ~~~~~~~~ ~~~ o. q - i s ona .  13 tT ’r  —

‘‘S - IC S ~~~e ‘.‘i r -,t WI’ ~ 1 t - t z . ’ - W ’ a - S .  :31 , ‘ - I C C -’ .’ - ..- S  , ~~~~~ I
— ~ t 01’ 7. J -s~-~ •- x,tm k::’- — ::c s.’ -~ sr-a- lOts . TI:.’ ~

- r — - :r -ir O? C S  - t I Li ’’
dI 005 X,I0’ t 010-1 I ~ ‘C1  - - C’’ C ~t r C 1005~1 .5 41 - - - ‘ ‘~~ C- C IflC.? . S1 -n -InI. , S I ,  S l a s

014 ’- O~~~’ )T l~~ IS5,,C~~~ 01’7;0~ ~t “ I •  CCta(3flItUdC f • ‘ s t : r  at
~~~~~~~~~ - 1S f .‘ sa5ç-lI ::-~ :r — -:r- a os , i: .t (_ )  • X .inl:;P.tC-fl ~~

-f ‘.‘ar:~,iC-:~:.~’ ,%t’ r~~h-i .iC .t ’ - ’ ,- -~i ’. - :- , ¶ r ’ - - s t r- .. ’:m l e v e l - . In

~t -~~~ - (S-~--~~~l n t  ~~‘n ~~~, : ~

:01 r .‘~:r in 1.’s - -r  I::a~J baa l w , .,.1- ? r ’~o 1 .-:,it ’ water :o -snn sai~ç1e wi I
:-o i n i I - .-:aa 1. f-1Sr ‘ ::.- ~ ~~: ~w i~~~ z : O r , s t I I t ’: : t s:  ~z-b i - iCty. 3T5Th) f l C .3 ,

71 -nf~ I’-~~ri~- ”  C-~’cC toiaa inst ‘ 7 0 4 ’  ‘- C - i s O “ .f’~~W’n 0 1 .  si.~~”r. --irsenic , 
sr -~nI - kr,, 

- —.;;-‘aa r, owr~~;rv , III -ko 1 , 1 o~~L , I ’ s “0 1  ~ • zinc and -~

- ‘I  - - - - n I  ~r 1701lt a ’d bL; l h a a n . - s - . O-ss;-enle-t ar5- ICICI it’ samples will

~~.‘ tI’.’ . IC CS:’ - 1 0 0 C  1-lasses: (I -~r”a’oer 01 han 4 ni cr cns
( ) - -1 — C - r - - : : s 1 ( 1 ) 3, - -s n C : r - -r . s ,  ~—‘1- I’-I - h - :f ’-7MsC hree

- ; ,~~~~“ c .i s- ;. ’ -. , ‘- C~i C  ‘!le??~ nts y h e  I-) rnc~~rw ’nde-~i above ) and rcRs ~~~u l d
in-i - 0’z” t .

)) oit~~- .-sfl5 : Mare :— ° l ,3r.-i . Por Chicago. Treasure siand .

‘.1) ~ io-~~.ins •~ff-r 7s : ~o;ar t C T ’ , ‘-C- ‘nc’ ‘oc’ar- January , Apri l ,
- s . y  -isi t T~:01 -1Sbe r ,  - i s i n s  approximately ?0—day intervals. The

f~ r~ t two sa~çlCno efforts w il l  be conducted dux i rs u moximsun
preciritat ion ~nter’.-als of the year. The third effort
IUICflQ ~-u1 y will reflect -1r 01’ weathe r - -ontht ions .  The four th
i~~i f’ sii~ eff’,rt i.i October wi ll ~-71S rT~’ Aete the wet —dry
aU~1~ S:’r -y-”Ies.
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~l Sar~2 i~~z:~s ner iod dur i nq each e f f o r t :  f L ’ ,’e - ‘ onsecu t ive  days
):Cve -:- sn~~ecut Ive 24-hour t i d a l  :‘.‘ c lc s )  W i t h  s i r iu lt a neo u s
sart~~linq ,it al l  three sançting Iociti ons ,

4) SarT%~l3flq frequency: two separate sets -~f f i ve  repl icate field
samp les w~ ll be 01ollected each lay IrS tht .  following manner:
-ne set wi ll be collected at high , h ig h tide and the second
set - -btaCned at lcw , low tide : both fo r  each 24—hour  tida
-01’- - l e ,  1Sv~•r the f t ve consecutive t5-t ’4-s , a ‘-otal of 25 h iqh ,

7011 -in ‘-I IC samples and 25 I cw , lOW ‘-ide samples w i l l  be
:olla -” .--I •‘~~s - , t i t  1- sn 1- - - .*t i -so , Therefore, a tnt,i 2 of 150
jro~~- I e - ; 0 1 ’ ’. • ,t c1: ~~~~~~~ C C est tn,a 1,- S C  s ; .’  r ~:sar ’- C !~ *1 I i  be

1 7 . 5 - I  -n t~ - 001t’ tbo ’~’c• s a mp l i n g  ies 7.qn • - -ertain physi Cal parameters
be ~jn~~’ ‘r’--- l irosl samples sf  bottom sedi r~~~nt  for re~:sicate deter—

001: 4 0 1 1 - I S O  t I  ~- s  be “ a~~’si . ‘ sn t i nu ou s  S!r’ri C ‘r -~~ng st temp era ture , dissolve d
ant -otl’ should %c:(,sT~~iflv water samplino, Fi’,’C replicate

-r  -;,‘ 01 01 : IC- ’- I - ::l i01 - o s  and bc-t 01 -~ rn ‘ic’lI ment should a iso be
:o l ’ - - o-l t -~r 7 . : - :  -• - t - ~

, i n - l I : . ; . ‘t f ~~r ’- - :.IL.’rlt -r tna1 --o, C -S - f  these
;.i .~ -~~’s ~;l - ‘n.C:, t of the ten ‘LC - i&-C olements , a~~~-,n7.a ansi n~ trate5.

The jt~ - ’,-aa l ’- a t v ’ - l  t~ .-:  ~ rv ’>qrar4 w i l l  require :~~(‘utat I - -fl - f  3 three—level
- an,a ,- .- -:I - ‘f -.‘irI,an -e f.~- ~~~~~~~~ analysis. ThC: wi ll pe rmi t

7. “0101.’ ‘ I l  I’W fi ( ‘~ ( ‘ J C - CS ‘~~ ‘.‘-ir -. a t : - r .  f’~r- 5’ a ’ 7 . s t ica l  exam in—
1 5 - I  or,: 1C-’Eo 01i~~ I r”t:; ($ar ~ - i I n q  ‘Statij nS~ , ir~~na -1a~~ w i t n C r. areas , a~~~nq
- -y - .“s hI:fi , h15;t ’- ;  1 -w , I o~~) withI:: i~ay s m l  an error term of
r’~ as’urc’n-~ n - ; - r ~ :o II 0’ , W I ” 011011 5- he 01 1 1” ‘,‘ 147 -

The ~nc- ; • f - -’n the  “o~~e r ’ m r — f i C - :  ana1’ ,- ’~ ‘-7i,’n be -~ s~d in either - ,nn

C- :‘~~~I: - f  ‘‘ 0” f o ’l ‘ w I o : - ~~~~s 
- ictermine number ‘if replicates.

‘ )  51701 ; -r ’-~~ v~~ afl o - ,’ tt l Q f l  ~f re ;r-7c ’ s (Cochran , l~~’~~:
S~o a ~ - o I  a r t  PLi~: l f , I ~ s~~) where -°~ st :s i ncluded to determine the

7.mtn7a” ~am pl7.n-s desi~rn.

( . )  a l : - 7. a t 7 . s i c the n umbe r -sf rerlicates needed to detect a
t r - ics  tlffnrc’fl :c’ t-’e wv-aar , ‘-‘.-s-s ~~‘ar:s (Sokal -i~ -t Rohif , 1~~~ ) . In
- n I l ;  151” , lc’ invest C -sa ’- ~r :an se ) n - - ’- • he Ic’ :rn” ‘f stat is—
- C . -1 ’ 

~efiSL C’.’Cty and -‘alculate the -nrr~ spondinq number of
.-° ‘ ~~~:oat ’s s needed - : letect -a si’,c’n ‘-rue tifference between

a si

:- ~~~~~ ‘so , I a a  -,‘~nerated fr~-’m this sançlina desian may i isr’  be sub—

1r-a~-n1 - 01 analysis , factorial analy sis  of variance , least— sign -
fC:art-r 3r~:e n c s  between niean values ,, S~ -sd ent ‘- es ’ , and any other
mrpr--r r i - a ’-~ statC’tCcs that will ~id ~n deterraining the number of
f1 n ii r ” ;-li-at ~~ors required . —

_  
is T ’ Tl : ~~~~~~~~



—— --5 -5— - -

The t.t~ -i ac ;-u i c I -~ar: also 3)4’ i~~t’ - t  ‘0  • ;V” , t  C - s a t e  seasonal -IC tferences
7.:: the requ~ ed siumbe r t i~’ I r.’~ i i  :at 1J11 , m i  Ii t f”rences in values
at t C - L m l ext remes ssi;::, h~~-o r ;  -w , I -w ) ansi t id A l ‘-‘C l C S .  This

~riforma t~~or, -as; then 1~’ ::.e-.i 011 letc-soa io: ,’ ~ t samp l ing - ‘.‘.‘r sub-sequent
Cia I c’’ - 1.75 1 a  S;e-:.’o4Sar~ Ifi the  • -5S ~2—t CI 0, rm,ni t C’Ir inq  ~ C- ‘isot , and W h C  70)

the tide ‘01-d c bo x ’- remes ShCr n , 17.  ;t :; I~~w , l o w l  -~ u ;ht to be sampled .

Is: the  .
~ ‘,-~‘o: t 01 :sat — 0;.’ .01 ~‘re - 1  o- t. s ISO ~u,a r t c r  I y I.’ ’ .‘rrainatxons p.’r

~t r i 0 1 ’~ ’’- l~ . - tn  I C - I , S’ ’  I 1 C  I J f l  C O O  ~irs~~l. ’ :o;mL-a ’: - a : ,  ta ’ i5 - - o r ~p l i shed  101,
01 - 01 - - - W 1~~ - 7501.%5~~~i’ . ~

‘ C C - S O  • Ic 1’ 3 s ’7  n.~ nu0,L~. r o f  :ono;cc :st i ye sampi I
ia-,- -; OS C’~” 5-0 01 -or I:: “~a - - O: - - 4 0 1 1 -~ SO . TI:c :. -soth.-r 01 ;,uar te r ly
t I’5- ,0 C-00C S:.i ’ . - -, ~

. s  : ~t C- -t~a~ • ‘7 I:; 01 ’’ los - c - I  - - 1 .0~ F- sit I-.cr reduc tion ~in be
c , 1 so- ,- 147 5 i ’ - t $  I:~~; 01 ::e I loOstb.- r  —o 1.0 1 r.’p I ~:j t .‘ samples from

fl’’.’ f -o ; • ~.n~~ - :: ,i~~l I  o : c l  I a 01 ~ - ;:na r ’- ’rlv ieterralnat7.-’ns
• C I - SOc r eIu~ t 1 , , 5  - 01 C -c - - ;soraer:de-d - To f - u U y  u t  i I i  ze

5 - 0 . 1  • ‘01 Cc C - t i  -7: 1 - CL’S 1 5501 , -
~‘n’ I”  ‘ ‘~ I I t t  1- ’fl ti’ a l l  I cve 15 is necessary

:1 ’ 1 - a l l - .’ I::’.’~ s Ioa c ‘n.’ 1 - ‘ - 1” 01 100sosbc’ r if  f i c i l  r ’-~~l~~c m t c s  O ’ r
0:,’ 1 ‘nq— ’-.’rra S~~~~~ 1” I n o  ~~r ‘) ‘ ‘ -

~

0: -C  s ars’4~ l’s ::,a’,-” been ‘- -- I I  •0-:’-”O , ‘-a 0) 5-  5 3 — s.j00p . C :;o: , - I i  s’s . S0 ion and other

ri ” - r~
- :-s ’’ I :  r c- - - -: -I be “p i ~:mo , tn5 —:s.sh n Io’ 1 ‘r the f is-st

t a . ’S ,t00~ .1::-; a ’ - ‘ i - n  o I  r Ise “ n z - ’ e  - ;I’ - ’s, A, .a ’.’.-- 1;:; o :l-I be acdoTTtI2uished
• os’ A1 -

- A It’ 51 75: 1 “‘~ - :~~I,.’ t above t~wn nrc-suh al l levi’ Is
- f  -iL~~ r.a01 -C - ’-’ C - ’ -“ I-sr .’ , T~: ” ; r - ’ it~~-;t - s - -us- - .~5 ‘f varC,a ’Ior, might then
5.’ 1 len If:” I an-I i-  s-r - - :ram S “ .arso l Ine I 

~~~
‘ I C C C I ’  .153 fiC or ci imin a t  1

1ev.- Is wOo ; :7: --‘n ’-r- 7.~ - s t c  I c  ‘ ‘ t n . ’  0 - - t a l  va riance .

T h - - ; : s o  La ’ a we r” so - -’ snnora ’’—- ’, In : : i a : r o . ~C is : - i l - o o  s t - i t’,’ ‘- c- quantify
S s - S: ;’,’~ 

-
~ a 1 - s o , .  • I.. a r t  O C ;  •at a’ I • h t t  0-san-.’ I the acre C- -out C ne

a:, a l - .-s.’’, , ‘ 1  i ,  arrv’n~~a , 5011 ” r a ” e ‘j r I 01 - u -I- C 1i t’~’ wcu t have much Iow ~’r
- c’f f l  :‘s:o ; sf  ‘- -ar ~~i :on f:.an - i n i ’,’o;e-; of I-I -Iocs - :~a .s-cc-lmens Or

- 0.i S?S l -C I C’~~’7- . 01 ’; — c’o ss , Th:i:; 1: 1 ike  I t r i o  C OC, C II’ r33) i 01’ ~~re repi i—
- a ’ or ,  - I  s-aea: ;  :C-c ’OapS ’- s made ‘n • son l a o  ‘- O r -:- ,- st ” rra s WI-- S i  I be necessas y .
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