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SUBJECT : T r a n s m it t a l  of Technieal Repor t  D — 7 i — ~ 4 (Appendix I) , Volume I I )

A l l  Re po r t Rec i p 1 en t s

The t echn ica 1 report t rans mit ted l~erow I th represents the resul ts el
one ot  ‘~everni tosoareh ot tor ts (work units ) undertaken as part el Task
IA , Aquatic Dispo s al Field Invest igat ion s , et t he Corps et Fn~ tneoi -s
Dre dge d Material Research Pr ogram . Task IA w as a part of the Environmental
Impacts and Cr i ter i a Developm ent Pro I oc t  (F l Cl ip ) and had as a gener a I
oh iec t lye determin ati o n ol th e magnitude and extent of e f t e - t  s
disposa l s i t  ox on o rg anisms and the qua l i t  V e I surrounding wat or • and
the rat e , d iv e rs i t y  and ex t  out that suc h s i t  ox are i -oee loul ~od 1w
hcnth ic f lo r a  and fauna . 1’ht’ st udv reported on here In was an integra l
part of a ser len ol rese a rch i’ent rae ( s e t nt 1 v clevel oped to  ac hieve
t he gent ’: a I oh o c t  t ye at the Duwam I sh Wa I e iwav Disposal S It o • one o I

(ye s t  udv s i t  ox 1 ~‘ca ted In St ’ve ra I geograph It -a l  i t ’ glens et the Unit  ud St at c x
Consequent lv , th is report presents resu l ts  and tnt e n’  1 0  t :: t tens o I hut one
ot severa l ~‘los el~’ Interrelated ot forts and should he used on l y  In eon—

(11W t ton with and cons! dei- ;i t I en el the othe r related report s I or t 1: ix s i t  e

Tb is report , Append ix P : Chemlea I and Phvs I cal An:: Iv sos e I Vat or
and Sediment In Re I at [en t e DI S p O s a  1 el Dredged Mat or Ia I in Fi l l  o t t  t o v
\‘elume I Fehruarv—~1une 19 ~~ and Volume 11 September—December 1° • Ix

‘ I seven cent r:: 01 er—prop::! t’tl append! c es pub Ii shed :15 Wa I i’rw::\-
i xpot Iment Stat Ion lechnical Report D—?7—24 0 ’  It. led: Aquat Ic Disposal
F’ t old Invest I ga t Ions • Duwam I sh Vat erway Disposal Site . Puget Sound
Washington . The t It  I es e t .: Il contractor—prepared append i ct ’~ t o  this
so i- I cx are listed on the Ins t do I rent cove:- of th is  F O~~ 0l t . The ma In
report , th e I- ,valuat lye Summary , w ill  provide :idtltt Ion:i l results . Int er—
pleta t I ens , and cone l~ is t en s not found in b.’ add It  lena I append t ees  and
w I I .1 I~l ev  ide a compre hensive sumns: rv and svnthes Is ev e: v iew o t I ho ou t i i  e
s tud y

. The purpose ci these two inve s t iga t lens • condu~- t ed as Work In I s
IA lOC (\‘ o 1 unic I) an d IA IOI) (Vo lum e ii ‘I • wa s t o  men I t  or so l oot  i’d phvs It ’ :;1
and chemical param eter s In w at i ’ r—coli i mn and sedIment samples obtained
l’.’t ore • during • and after •1 .I sposa 1. o l  cent .iminnt ed d: edged mat or I a I at

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~ ~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~. ~~~~~~~~~. .
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WESYV 31 Jul y 1978
SUBJECT : Transmittal el Technical Report D— 7 7—24 (Appendix D , Volume 11)

an Elliott Bay disposal site. Appendix D is divided into two volumes
since two separate resear ch groups we n t ’ involved. Volume I discusses
the results of analyses of samples collected before , during , and 1 week ,
1 month , and I months afte r the dispo sa l operation while Volume II
reports on samp les colleeted 6 and 9 months after the operation .

4. The Duvamish Rt v er sediments were found to be highly heterogeneous .
However , the conce ntration s ot several significant parameters such as
ammonia, alkaline—soluble sulfid e , and tota l mercury were in general
several times higher than the E lliott Ba~’ disposal site sediments.
Standard elutri ate tests conducted with the river sediments indicated
tha t ammonia and manganese wou ld probably be released to the water
column following eat ’h disposal event. Analyses of samples collected
during the disposal operation revealed elevated levels of manganese ,
suspended solids , and ammonia in the water column for a few minutes
following each dump . Interstiti a l water concentrations of manganese ,
aminoni. , and suif ides remained above ambient at the disposal site
through the 3 months of postdispo sal monitoring discussed in Volume I.
One week after the disposal operation , there were no chemical differences
found between water—column samples taken at the disposal and reference
sites.

5. At 6 and 9 months after the disposal operation , the levels of
manganese , ammonia , and inorganic phosp hate in the interstitial waters
were found to be hi gher than at both reference sites. There were no
detectable chemical dl: ferenees in water— column eam1-l l t’s from the disposal
and reference sites at I , 3, 6, and 9 months after dispos al.

6. The results ot this stud y are important in determining placement of
dredged material for open—water disposal. Reterenced studies , as well
as the ones summarized in this report , will aid in determining the
optimum disposa l conditions and site selection for either the dispersion
of the material from the dump site or for its retention within the
confines ~ the site , whichever Is preferred for maximum environmental
prot ection at a given site.

~~~~~~~~1~~NO
Colone l , Corps of Engineers
Commander and Director
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a.’i~ Seawater.~— Suspended solids, arsenic , manganese, mercury , reactive
.dltcate , inorganic phosphate, nitrate, and ammonia. ( ..

b. Sediment...-. Free and total (acid soluble) sulfide, nanganese, chromium ,
arsenic , mercury , and particle size. e ~~d “

~~~~,.

c. Interstitial water..— Arsenic, manganese, reactive silicate , ammonia ,
and inorganic phosphate. ~

“.- Temporal, depth , and spatial changes In concentrations of chemical variables were
evaluated at disposal and reference sites . The results of analyses shoved only
minimal changes in trace metal concentrations in the water column above the dis-
posal site, but lower Eh and pH values in the sediments than at the reference
site. The manganese, inorganic phosphate , and ammonia concentration values were
greater in interstitial waters at the disposal site than at the reference site.
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ii I to  part ot ’ a ouuupt ’el:t’t::; : v t  
~~~~~~~~~ 

i’ :eu. 1 0 :u~ ’:t o : t re I tie e l e O :;

on he t i  ot u , c ’~i I meut I , ti nt wat.er ~ua l i t V ‘. hat roes it t’rexn opei:—wat or

d i sposa l o :’ .tredged mint c ’u’ i nl at  t lie i’ :iw:um 1 : t i  ‘~‘u I i t’ rw ay site , E l l i o t  I

o~~. ~p cci risut i ly , t t : i s  w or k  exaznii:o~1 th e  c ’ ,\ t t’t l t

tonI . t u r u t t  iou: ot ~‘hau:~ c’:; I:: tin’ shc ’u:u iL ’ : t1 oharast  eu ’jst is:: ~ the water

‘t~~j t ( ’~1 j :u:c ’ t ; t ~ t i t t ’  di. : t oSut  S i t ° ill Eli i ot I i u L ~v :; : ~ u nud ii i n e  not : t ho

at’t er d is :~~‘out  1 . to t ’ 1 :: ~:: ‘ i’::,t ’’,: . . t’ c ’ t ’s:’e , :lur I n~ , n:nt at t i r e t  men he i t  ~~ em

d i n t .  ‘: :9 wi ri t , t c ’ t’y t he Ens’ I rou:nc ’n t a P r o t  0 0 1  O f l  A~ t’ti~ y EPA ) I it t ’ot’a—

~t’y in ~~~~~ 1 is , L~m t ’.~oS.

I’ is toO on ot ’ .1 me ,l~~e.t n t  ‘. or ; tti t’roni I hi’ Puwtuu: i iii; Hi v or into Elliot

Bay ha:: moos It ~‘.i in u: i :: inn .u: ~ — t err: elianges in  the ~‘0tl s t ! i t  rat lo u t : : O °

u’nse nt ’t : t l e  it: w u t t  er stov e t lit’ .l ::upoS:tl si tt ’. The only signi t’L’itt:t

O h ’t ’i ~‘c ’:u ot ’e e rv tnt were ~1cn’ m ottoes i n :  t h e  00110 t ’ti t’n t Oil of SUS I’0!hit’tI 001 1 d:;

am: : i ’s i ..’ i t :  I ?:~‘ w :tt  i ’m so 1 :uszi al ovt’ th e di sposa I area l et  Wt ’i’t i  sept ott:—

t ie r  :txtoI ~es t ’nl’c ’ r 1 ‘)7t . wi it tu ~ ~‘or:ps r: tble change in L ’O ! lC t ’fl t. mut t ions at in’

me t’ert ’riot ’ It es .
A It e mat ion in everutl eht’m 1 l paramet. ers o t’ s edi meats at I ho LI is —

t ’0:uut  I i t  e ‘.‘uts :u lOt : I t’isati t six afld :i h it’ !u:on:t ho :: :‘ t e” di onosal w het :  eon—

part’~1 to one or bet it ro reret ’ ,’ t ’ sl it ions , 1:; ~ i’tot ~‘uu:t’ t ’ u’ nn I i\’et ’mt’er L)~~ I5

h i ’ ~~~ imiet i t  at t lit ’ disposal S i  t i ’ had pH aritI El; t i  t~ t ’S :.i ~‘~ l 1 ‘ ‘~.‘ u nt ly

I ewt ’r I hum hose do ’, c’ run i ned at t h e  west in’ t’e reni:’ i’ St  0 lOu . At the ~1 is—

pctsal it e , s onto out t i ’at I ons et ’ tu:::ui~ utuie: ’ • i tiorgan Ic u’ho:; ~‘l:a t. e , and antutot I a

in the 1:: t o re  i a). w i t  ers Wi us’ hi ~ l:er , han: :tt bot 1: reference s i t  es ,

whi le  t he olirom i tsr oot:ot ’ t :u i’ : ? ion was Iii elier in :ut ’d itu:ent at the w

s i t  t t int  at t tie disposal sit e .

I ~t n t I u’ I eutf lt  o lrit:~:es b e t w e e n  Sept ember tuid u 1eot ’rubem I 0~ t’ I~ I in’

o i t e m:  I on I ohut ruts t e m i s t  los 01’ t he tat I nuiet it ii at t lii ’ disposal s it o W ere a

des mc ’:Lse in value:: for pH • I t :  • and inorganiL’ phosphate and an ins roast ’
in mercury an~1 tt:itt:0:Uieuuc ’ o~~ nt ~~t’~it rat ions. At t lie me foresee et at I otis o:: ly

Eh was at out if is n a t t y  di 1• t’e r~’n I in Pe.’ ember than in opt ~‘nber and j u t

Pe’ot ’uuut ’ ’r the sediments beeame more reds ’ j u g  in t i nt  t ire.

_________ ‘— .
~~~~~~
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ft  it  101: ( ,
~ ,

‘ ) , V . ‘ ‘ t : t n u ’ ’ , t .t i::s iso ippi aint t~~’ i’ u: 1 v e t ’ .:: t y ot’ W~ :- t: I not on ,

t t  le , I~ a ‘ . t :n~ - ‘::. 0.t ’ u ’ t ’’: t u t u ’ s t: wun 0 psi: . t a t  t y  t l~ ~ t ’ f t o t ’, ~‘li to  I’ o

Enig I iii ’t ’ n’~ ( :‘A ~~— ~~~~~ — P , un it ’!’ t hit ’ C iv ii Wo t’k: : I’:’talged Put t  i ’m I iii l~ ’sear’l:

Program I, PMPI ) , ‘.
~~
. rk U n i t  1 A 1 ~~~ ‘t’ht ’ work was i n i t  : : i t ,t  in: etO t ’unl ’ t

1’) ‘ t’ ut - I t tn ‘ t o t :: j o t :  I ut ’,:ut l\ ,: t ’O o t ’ all et:t~ i rou:uu:i ’flt a t :utunt’ I es ‘~‘1 it ’s 1

no the t u ’ o , co t  w i t ’  ,‘o’,nt It ’t t ’ ,t in: ‘ ‘u i \  I ‘I ’ . ‘ . ItLI 5 S t  it,i,v 1115 1 Udt ’:

tat a u ’ u’ou’ : co t  li.’ Ion:: ma lt ’ six and ni l nit’ most its a ft or Ii ::~ a’ :utt I :tt : t t liti::

the t ’ Vn  hUt i t  I out 0 t ’ .‘ l:uiti ’e:: W !tC me:: I r: ‘I e l  t o  I h u t  t i r e  ;,t ’r I at .  The meas—

S ‘L’ . t es 0011 i’s I t ’d i t  the  di posit I s l u t  in’ f.’ u’ e , dur I so , and

I t: : ’ t ’ i ’ trot : It::: a t ’t e :‘ ii ::ta’ ::ui 1 ::utv ~‘ l i t ’ :: mut~ie t y  t o  i’ i’A I :tl orut u et~y i t

Coi’vut I II:: , . t ~ t S C: : .

The work W ’u :i  s ’ ’,nIu,’ I i’d i v  t ie La ho t’ :t t o  u ’v  0 t ’ Put i l i t  I P.’ ‘ 1

~‘ot  1e~~e ‘f FI::ttt ’t ’ h i ’::, Psi v~’ u’ :: i t ’ , o f ‘ ti:u hi i t :  , en • who:: i n ’ ’: ’ .‘s ; . t ’) .  ‘.55 l,ni~~,i
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APPENDIX 1): CHEM r CA L AN!) PHYSICAL ANALYS E S OF WATEB AND SEDIMENT

IN RELAT ION TO l)ISPOSAI~ OF D}~EDGED MA TERIA l. IN ELLIOfIwI~ BAY

VOLUME I I :  SEPTEMBEH—l)ECEMI3F ,B 1976

PAR’I’ 1: 1 N’I’RODUCTI ON

I . ‘ lb  i t ;  s t~ud.y in  p ut t ’ 1. or a eomprehenn i ye program t i  meauw’e t ’  f t’et’ U::

on the blota , sedim ent , and water quality renu lting from open—water

dl spotirti ott’ tin ’etl j .’,t :1 mater ial at, ( lie Duwaini nit Wat.erway :; i t . : ’  , Eli iott Ray

Pugi ’ I. Coun t , Washington . Opt ’ ’ I rically , (.1:1: : work exam! ned the ox tent.
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lii’s’:’ lit~ I On ot t’ Cindy Area
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arid I ii ~a in t rud e d by I)uwant I : :  h i I I. ‘us I t o  t,he r;outhwen I, and Magnol in 111 ii f f  to
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3. The 1)uwnj nish l~ I ver tim :: itt:: an area of L’’ I km’ , trots t,ly j r :du :u—

t r’ I ‘ti , and prov l di ’:: fresh wutt,i’r t o El lit) !.!, Bay at. an utv ‘t’u:gt’ annual rut to
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:; t r etc t:  of ’ t h t . ~ t i ppet’ l’iuwnnul i- itt Estuary (F! gure 1 ) W n:: d ’pt”:i I ted  n oun i’ t in’

center or ii ~ p i n :  1 a i t o  marked by ut (toti: ; 1 Guard I I gli t e d  buoy ( 1n7° ‘ ,
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site , located do,’ north of t~n~ mouth of the West Waterway, were selected
by use of a 14 by It t.r1 1 with the grid lines 76 .2  in apart. The two ref —

eren ce sit:’:: were located along the east and west shores of Elliott  Bay

and consisted ott’  two stations each (FIgure 1). Historically the west

reference site (stations 17, 18) has received the least impact from the

municipal , commercial , and industrial ac t iv i t i e s  of the Seattle area .

Water flow over this location originates primarily from the main ba sin

of Pu get Soun d rather than from the interior of Elliott Bay . The east

reference s i t e  (s tat ion s I t ) , 20) has received eff luents  from the Duwaznish

Riv er , shipp in g , and ner~rby shore—based act ivit ies , as well as from storm

sewage overflow along the Seattle waterfront.
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I’Ai ’ 1’~’ I I :  EXPERIMENTAL PROCEDUIIES

Sampling Desi,~~~

. Ce:tw tt t  or and sodlmt ’nt samples for  chemical analyses were eol—
,‘o t ot ! dux’i rig Cept embe n’ an:.! Pet ’,’tu:l’, ’ m lOis fol lowing swnpl tug and ft eld

pi’oce.tiu’e:u used during earlier portions of the disposal study .

Seawater samples

U’. Water samples were collected at f i v e stations : two stat i ons

near the center ot t’ the disposal :~ it.:’ ( s ta t ion s , north of buoy ; st .ut~

t ion 10, south o t’ buoy) ,  two re ference :ut.at.lont (st at ion l’ j’ , w est refer-
ence s i te;  s tation 10 , eas t i’efei’erice si te ) ,  and at. t he  mouth of Duwamish
River ( stat ion h I t ) ,

Water natupi 0:i were eol loot ed at depths of I and 10 in above the

bottom and 0 in l’elotw the ::::i’l’:Ice. ~1\io samples were taken at each sta-
t. ion liti I ag a pen sLut ~ t lo pump attached to 1/ 0—in. — 1 P po.1,yet.hy 1 cute tubing

tha t  had been lowered t o t  dept h on the hydrowl re and then t’ lushed t h o r—

oughly before sample oot II oot ion: .

Sediment samples

8 . Ced i mont t samples were t utkoni us I nig a double—buirre I ed gravity

cover with 67—mm—I l) l::t~ i t o  lint 01’:; at .‘t) aunnipi i rig st a t  I outs in the expeu’ I —

mental ~I I sposut 1 si t t ’ ( s t a t  iouis i— 0~ ) and at two reference sites (oit ’ Ott

the west .  a I tie of’ the hay • at at j olt:: 17 and 1 ~ ; one on the east side ,

stat,icin:; 10 and 0O~

Shjj, .ibo:u’d l’rocedurcs

Seawater samples

9. Suffic Ient water was pumped to determine suspended solid s , t race

metal s, and nutrien ts .  To determine suspended so litis , 0 t o  10 1 itre:; of

water were filtered through wei ghed o.h ~:m Nu.’lepotre  f ilt er s  and stored

in plant It’ petr i dish: es . Sam pl es for t!et.c’rmlnat ion of chromium (Cr) ,

manganese (Mn ) , ant! iii’s en !’,’ (As ) wet ’o 00 .11 e’,’ ted lit ac id—c leaned 0—i I tre

po lyethylen e hot. t i e:: and acid ! tied to  p11 1 .0 with 0 mill, doubly di sti tie ..!

9
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6 M hydrochloric acid (HC1). Mercury (Hg ) sample:; were collected in
acid—cleaned 1—li tre polyethylene bottles and acidified with 2 mi/i of’

doubly distilled Lb M n i t r i c  acid (iPio~~), tot g ive  a. pH of loss than 1.0,

and stored frozen . N;:tr ient (nitrate , t’t .’activ:’ silicate , inorganic phos—

ph:tt.t ’ , ammonia) sampl es w e re frozen at ‘-15°C in 250—mi polyethylene

bottles .

Sediment samples

10. iou’ eua.’h of the two casts ( two cores per cast) taken at a sta-

tion, the  top 10 or:: ot t ’  one core was extruded into a nitrogen—filled poly—

ethylene bag, the next i5 cii: extruded i nto  a second hag, and the excess

discarded. The t :e ’ond .‘o:’e on each cast was processed for the trace

organics program of S. Paviou, Eac h sample was homogenized, subsainpied ,

and stored at. ‘
~~
°

~~
‘ .

Fr’ocessint ~ of’ Sediment Samples

11. In the field initial measurements of’ Fm, pH, and free sulf ide
( 5 )  in the st ’dimen:t:: wet ’ :’ made using appropriate probes while working

In a n i  t . t ’ o t :~t ’ uI— !’i I Ie~ glove box. Upon return to the laboratory , in a
nitr o~~.’ n— ’t t .ui:ot:: ph u ’ u ’e glove box , sediment samples were divid ed into two

or::’ fotu ’  Eli, phi , 5 , t,ota L sulfide , percent water , and heavy
metals analyses; LuLd t b ”  other for centrifugation to remove interstitial
water  for t. :’u’,t’e :s, ’ t  ~~ j and nutriem~t determinations. Particle size anal—

yses wt ’u’ e made ott t he  sediment remaining after centrifugation .
1 . .  A u ’~.er’ Eh, p11, and f ree sulfide were determined on the first

al .iq uot Li t s,’d j u:it’u: t , 30 g w it: ; removed and oven—dried at 70°C to deter-

m in e the p: ’u ’~ ”nt water. The dry uili quot was retained for heavy metal
analyses.

13. in the nitrogen atmosphere of the glove box , 100 g of the

second sediment aliquot was sealed into a 250—mi centrifuge bottle and
centrifuged at 5°(’ for 20 minutes at 9000 rpm. Upon return to the glove

box t h e  interstitial water was decanted into a 10—drain vial, extracted
from LIt:’ vial w i th  a 0~’— t ’e clean polyethylene syringe , and filtered
through a 0. It i.mm Nuclepore~ f i lter into a tared, clean 60—mi polyethylene

10
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hot lie. One :tl ique t w ut u ; !‘t’ot:’,( ’ u ;  ut - 1~~~
°

C l’or nutu’ it ’nt aum lyses . and a
second a ii tpio t wul:: acid 1 ft eu with 0’~ LIl /ml of (‘ M ‘botul ’l v di at. i lied Hf’ 1

for heavy meta1 ,~ ari a iy:; ’:; .

Ana l v t lo ut  I I ‘rocediu’ea

11e . I’Ik’ :tut:t I V t  I oil me t hou!:: ;i: ;eul j u t  det.erm .i ni rig t’hem I on I paraxnetet’ u;

in the .‘:‘aw:I I i’r arid :: ~ i met; I u ri’ gi ven below .

Seawat:’:’ axi~i i t t  t i.’ rat  i t  in I water

1’- . Ar senic .  7w ’ u ;t  v mg ou ’ I’cu ’ ;’ 1.’ Ion was added 1 ot a measured

al iquo t o t t ’ a.t’ I I i i ’ i ed n’uw:t t i ; ’  o t t ’  I ui t.ct’st I ti ni vat i’t ~ In :tut ac I t i— c ] eutted

polv : ’t b:y I c m ’  hot 1 1 e and mixed . Cott;u ’ ’tt t u’u t.eui nuuumon turn hydi’oxi d ’ (NH 1 fill)

was :t 11 c i  t u ’ rut 1:::’ t he pH of’  I he sample t o  ln’t.ween ~ and 1 1.) to t’otp reu’ I p—

it a t e  As wit): I’i’t ’r is h,vdu’ox Id:’ (Fr (,~ii ) , 
‘t , iii gi’s t cii at.  S~ ’ ’C fcu u’ ‘~~) mi n

and all owed t.o cool . Sample:; were then iii t .err~l I I;u’oti:gh : . ~.e ‘ ~im Mill I—
pore o:’ ~ . ~irn Nuc I epott ’e i’ll. t,:’i’:: anti prec I pit  at 1’ : :  were u’i u sed wit 1;

de tort i zed di:: t. i ll cut vat ci’ . Filters were rcm~ v ‘.1 and r 1 no ed In ,‘ / ‘‘ ‘,l t’ uii

neutron ute 1. ivat ion uLu:a .1 y :: is ( NAA ) vi a 1:: t o dry at. room t crnperatut’e

When dry , v t uti s w err :;e al ed and i rruuul I:t I i,d l’ou’ 0 htout’s a long vi tht As

stn udards ::otu’t:cd to :: I I tea gel :rtid Nat i ou;ut 1 Hureau ot t ’ St and:: rut :: (NF’5~
orchard 1eave s.~

i t ’ . Mercury. Pist..i I it ’d 8 M I i N O .~ and r ’:igcnt gt’ttt lt ’ 18 N stil t’w’it’

acid (11 ,5;:: w:’;’c :tuiuieui 1 ot the t ~fi— ’f: ml ua’:tw :tt er and ~‘ , ~ — ~ ml jut ci’—

at itial water samples. ‘l’l:r::c ::‘uutj~I ‘:; were t lieu : be’~’:;eiy capped and

di g ’::tcd in a )“f’ wat ci’ bat-li fotu ’ 1 hour. Sat :ut ’u it ed l~~t :1 :::: i t ilt: LIt l oa n ]—

f a t e  (K ,5 
‘
~~ 8~~ 

Wa :: :td~i:’~i : t t t u i  I In’ :,‘lut ion :tI lowc~i tot coo l . A utnl ,v s i  a of

the mercury ~‘onceu t. rat ion  Wa.:; t lieu: ma~~’ U: : I rig lit :’ (‘lame I es:: a t o rn !  c

:ihaotu’~’t. ion urn ’ t hod of’ Me It ot t :  Hoove r’ , and Howard

.11. Manganese, Ac i di t’i i’d :::‘u:wu t ci’ and I ut t -cu ’ s t  i t .  in)  water samples

wer e di I ;:t.ed 1: ifi w i t  1: :tc iu l  1 f l ed , det oni :‘ ,eui d i s t i l  led w a t e r  and uina1,,v~ e~i

by flamnelcas atomic  ::i’sot’j’t. ion U:; Ing t I::’ method ot t ’ st uutdat’d addi I l outs .

18. N u t r i  eti t.:: . N i t .  rat c I nou’gau: Ic pl;.~::phte t~~, nunmon lit , and u’eu%t’ t . ly e

n il  ica t .e were de t erm i ned us lug a Techut I cot : A nt outt i ut  lv  ,‘,cu’. N i t  rat .:’ Wa::

ana ly zed i’y t he c; dm 1 ::fl:— ’u~I’l’ :’1’ u’culu tc t . let: of nit r uut .e  I o t~l t.rI t e vi tit

11
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corrections made for ni tr ite measured in samples.
1
~’~ Inorganic phosphate

was determined by the ascorbic acid reduction method , a~~onia by the
phenate procedure , and reactive s ilicate by reduct ion o t t  silicomolybdate

complexes by a so lution of Metol and oxalic acid. b

Sedimu:ent t samples

1-) . Free sulfide. Free sulfide was measured using an Orion spe-
cific ion electrode and a Chemtrix Model 60A pllfplon meter , The sulfide
electrode was sal ii’rated by bubbling H2S (gas ) through buffered solutions
at different pH values. A t ’t:’i’ t,he electrode reached equil ibr ium w i t h

the saturate;! solution (changes of < 1 mv/mm ), the millivolt reading
and pH of the solu t i o n  were recorded .

20. Manganese. To each 2—gram aliquot of’ dried sediment , 00 ml of

dio nized  water and 20 ml of’ distilled HNO
3 

were added . The samples we re

heated, 5 ml. of perchlorit ’ acid was added, and then the sam ple:: were

evaporated to dryness.  Subsequently , 10 ml of distilled HC1 and 50 ml
of ulionized dis t i l led  water were added and the samples were boiled 10

to 15 rn-In. Samples were then filtered and filtrates were combined with

washings of the filter. Volume of filtrate was measured and coneentt ’ :i—
tion of manganese was determined by flameless atomic absorption .

20. Arsenic. Weighed aliquots of dried sediment were sealed in

2/ 5 dram vials and I :‘radiated for 2 hours. Arsenic concentration was

determined by comparison with As standards sorbed on silica gel and NBS

standardi:’e;l orchard leaves.
22. Mercu rjy . Sediment samples were leached with d is t  illed HNO.~

and reagent grade H~5()11 
in a water bath at 90°C. Saturated K ,~5..,08 

was

add . J to each sample and samples were then treated as t.he seawater and

interstitial water samples. Mercury in leachate was determined l’y liaise—
less atomic absorption.

23. Chromium. Weighed aliquots of dried sediment were sea led in

2/ 5  dram vials and irradiated for 8 hours. Chromium concentration was
determined by comparison with Cr standards sorbed on silica gel and NBS

standardized orchard leaves .

2).e. Total (acid soluble) sulfide. Sulfide was separated by acid !-

tying the sediment sam ples to produce hydrogen sulfide (H~,S) which was

12
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bubbled and t l’::pJ’: d quantitatively in a ins (~~ut ) solut ion as zinc sul—

f ide prec ipi tate.  lodometric t i trat ion was then used t o  determine the
su.l1’ide in the p1’ec i I’~ tatc :ud solution . The total (acid soluble) sul-
fide deters; i flat iou; measured dl :;s&> .I vet) HS , H ~2, and solul;.1 e met al

sul t’ides.

P:t.u’ t is I’ :; :.c usa I yses . Following the rem;:oval of the inter—

at it ial water t’u cuu: 1 );:’ ::e;1 I au :: t l’y s t - n t  r i fugation , the particle size

di:; tr ihut ions o t t ’ : utr;pl es were determined by prca’euiuires ::uggc::t ed by
8H. I . Guy .

2 t :; 1.1 ~ tical Treat.men t ol’ Experiment al Pat :t

26. A I let . h g  o t t ’ the experimental data broken dowt;  by posit- ion ,

t ime , and deptit I:: tabulated in lab 1:’ 1 . The b;t:t reuluc t. ion amid auttilys I:;

was done by use c i ’ 2I~22 (Stati st ical l’nckag:’ l’s:’ t lie Social Sciences)
t.)

px’otg:’uut:s

‘7. The a tat. ist. ical treatment of experimental ul ut t :, vu:: djvjde~!

into the analysis of t,he I :att - pcuuleu; t. vat’ I :tb 1:’:: and the correlation 01’

dependent variables. For water and ::e l intent santples , t h e  independent
variables ot t’ time ( sam pling i : tt .e) ,  depth (lit sore or vu t cc col umn), anti

posit ion (station losu: t. ion ) were analy~ied !‘y analysis of’ sovuir i anct’

using posit ion as the  t’ac tor w ith time and depth as the cov :ui’iatcs. The

response parameter’s I’otu’ these umna..I.y’ses ott’ t’ovar iamleea we re the dependent

va t’ iutbl es l ie  ted  i n  p:tt’ ::grutpli I . The at. u’engt.h ot 1’ a eeoc i u t I ion be I wee:;

depe:tdent. var i :tb ic:: in both I Ia’ water and sediment was evaluated by means

o t t’ the l’car sort product—moment. soti • u’e 1 at. j ot:

Analytical t r ea tment
of indej-uendent variables

28. Using the analysis ot t’ covarianse t o  t.est indepemtdenl. variables ,

the e t’ I’cs t o t t ’ time and depth was isolated and checked t’ou’ si guilt ’ i t ’uutc e

at the 95 perc ent (s  ‘~ 0 . 0 5 )  and 00 percent (5  < 0.01) confidence level:: ,

This approach ut .1 loved pot:: it lo ut ci’ fe e ts 1 ot be examined aft em ’ being cc r—

p 
rec t e l  (~o t t~ I Tut u ’ and uie ’pt.1;. I’lie cott ’ :’:’c t od means rita’ I :0’;: Ia ted In the

mull i pie ci :1::: : I Cleat i ott ; sec t  lot ; of’ the uinal.y:: Is ot t ’ u ’ot v:: ri arice tables.
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The a:::; um~’ I I one :‘o r ’  i t  i t  I ,v :; i ~ o t t ’ var lane e ( ANOVA ) were a:; a umt’d vu 1 ~ d for

all .lat it and the cr’vu t’ ta t e—by — factor’ iii t e ras t. lout vu:; a :: :  urut ‘d 1 ot be ~‘.c r’ ,

29 . Aitut lye1 : 1 ’  c ov u tu ’  i tuice t o t ’  Wu t -e r ’  uu~~~es. It: the wate r  ;:arnples

the treatment d c :  ~~~ w :; : ’ a ‘‘ ~ 0 ~ t ’ut t ’ t o r i u t i  . ‘rhe l u st  si Wa :; po:;it iou;

w i t h  the’ t’ive level:: !‘e it ;~ t he t’ iv & ’  ::t a t  i o n s :  a , 12 . 17, it ) , and 14 14

The t’i ret  .‘o vut r i a t  t ’ vu.:; t inc wit. !: t h u  t wcu levels Pci m:g Sept ember’ lO7tu

and P&’cu ’ml’et’ 1’)~ r . tic : : ‘u ’ o t f l u i  S u )V ;t  u’ ant I Was ;i~~ t 1; w i t h  t h e  t t:ra’e level : :

be ing 2 m fi otu : e;u’t ’:t~’e , 10 1:: f rom l o t  torn, u.tiu.I I ii: u ’ ; ’un l o t  t .- : ‘ :  . The :‘o:: i —

t ion et ’ i’ect  a were ‘~~:u:s:tt ’ e !  :‘a i Swi ;:;‘ w t h lit ’ u ’ , ; i ’u ’~’,’t  & ,j ‘ic’ ;t ;;: g ive:; in

the nail i p Ic ci R5:; i t ’ I ‘at  iot;~ au ra ly: 1:: o t t ’ 5~’ l i t ’  !‘t’e ’ :: u::: I p It ’ sornpa:’i :a’It

i ea t .  ‘[‘he t i u:u’ m d  51u ’pt ii e t ’t ’ect . ;.  W~~~
’ , l’~’ot ku~~ isv:: mu c th ree  I’:Lr’ t a 1w

a further am ;’ : iysi; :  o t t’ c. ’v :t ; ’ iu::ce . l’hta’ u ’ : t t ’ ,- : u  were u ’\ ;:n; ir:ed ( di::poa:tl

s ite , etut lot::; a , 10; r’ ,’ t ’t’ :’e:i~~e s ite;’ , st a t i ’:;s 17 , lt~ ; :u:~i Puwuxnist t

River mouth , s t a t  ion 1414 so hut t h e  ii .:pu~:’:t l a i u~ cu ”uld i t ’ .‘ oh ; : l ’ ;mi ’c.i

with the i’et ’et ’~’ u :se s1 t c~~.

30. Analys i~ ci’ covar’ I ance t’or ~et1 I tnt ‘ti~ :~~ t;;”~~e:; . ti c :; e~i i :‘;~‘rr t

samples were ana..Ly:.ed it : a auntie ;’ a itu liar t. hat :a:c,i i’s:, t ki t ’ vat ci’

aa:u:p .1 0:: . However, I he du.t :t fo r’ I is’ :;t ’ut it nerit wu ’ru ’ ‘ t ’~iu.’t ,i I nt

ca tegor ies  to ::i~t jut int .u ’ u’ i’ i’ u ’t .’tt is:;. The t ’i :‘ :; t group 1,-u: ; I lie scat  I’ :; I

disposal sit ’ so:::: ist in:g ci’ at  :0,1cm ::; a, 7, If , uttal ii. The ::ecsn k anu~i

th i rd  g:’oup:: we t ’ - I he w’st (stat lout :: 17. 1 ~i) anti east  (a t  :iI I :n:; ~~~ 20

re ference a li t ’:; , ‘I’ltu ’ “t ’ I rig’’ ut re: : o t t’ the d I:: pu~:: a I a i t e u, t a t  i otis I , 2 ,

3, [~, ~ , 8, Q , t , ’ , 1 ~, i14 , ~~~ , and 1a~ was  iriu ’lia tu ’ .l in I ii:’ t ’s ::rt h gu ’otu~~.

After’ the dat a r’~’~Iuc I iou: , I I;’ t rea t  merit. de:: i ~~ was a 
1 5 ~ , ‘ ~ 2 ~‘u:c I su’ i :t I

The 1 : 5  t o t ’  was t o t s  lotti W i t  I I:: ‘os:’ 1 cv t ’ 1 a ~t ca ’ :’ i’u ’ui ;t l’sv ‘ . The first
ccvu t r  I a t e  U:::: t j une w i  I.!i I he I we level :;  l’s I t:g 2,’s t t ’n ,i’ u u ’  10 1- ;;u:d t u .u~c:;:l~er’

lt)7(~; uuai the ::u ’~ sr; I ‘~‘v : m r ’  1st s W 5 : :  ‘iu ’pt.h w ith the I ws 1ev , ’1 a Pt ’ I tug 0 to

10 cm and 10 t 2” cm in I he cci’t ’ . t in’ sign i t ’ It ’ uii t e t’t ’ec I;: 01’ 1 t uit ’,

position , ;it;~I du’ 0t.l; we re s ‘r.II’;lre.I , t a w i t h  t i t s ’ vu: t t ’ ;‘ :::m.utl lu i t ’:: • cx,’ ~‘pt

that t. I r.;e and ~i u ’ I t ! ;  wet s,’ brok en dowi~ I ml ot o t t i l  t ’ dl;; pc;;u 1 anti reference

sites.

Anal yt ic ii. Ii’ ’ ut . t ’:c:: I
s t ’ 1ep~~t ier: t~ Vii :’ i;;iu I cc .

31 . rut ~ rw I a’ urn: t is 5:: we ta cOlt :; t urns I cd I.e exanul tie t he  i i rust:’

i t s

— fl r1,.,. -,~ r, . ~~s—’~
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correlations between response parameters. The correlation coefficients

not only surminuarized the strength of association between a pair of vari-

ables , but also provided an easy mean s for comparing the strength of

relationships between one pair of variables and a different pair. In

o:’der’ to evaluate whether elements were behaving differently in the dis—

posal and reference site s , two correlations were done for each dependent

variable: di:;poeal anal reference. The dependent variables for the
water samples are as t’c l l o tvc:  suspended solids , As , Mit , Hg, n i t r a t e ,
ammonia , inorganic phosphate , and reactive silicate . The dependent

variables for the sedim~nt samples are as follows : pH, Eh , sediment
manganese (Mn(Sed)) ,  in te r s titial water manganese ( M n ( I W ) ) ,  sediment
arsenic (As(Sed)), intersit tia,l water arsenic (As (IW)), sediment mercury
( H g ( s e d ) ) ,  in te r s t i t i a l  water mercury (}Ig(Iw)), sediment chromium

(Cr (~:ed)), free sulfide , inor ganic phosphate , ammoni a, and particle

:;ize coarse fractions (CF1—CF6), silt , and clay. The data were assumed

to he normally di stributed and the linearity of the correlation was

determined by inspection of’ scattergranis .
11
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PART III: RESULTS AND DISCUSSION

~2. The conicen rat ions of four t n’utc u ’ metals ( Mn , As , Hg, Cr’ ) and

four mis: u’ i u ’r:t;; (nit t ” t t t ’ , amnrionla , reactive silicate , inorganic phos—
phri tei , arid au~’p. ’u’ t inig chu ’mis ut l  and j’h : ical information determined in

water • :a- . t I ‘u. :; , ata i inter,:t j thU water o t t’ Eli I ot t  Bay are 1 i a ted  in

-
- .‘— Il.

L’I:t ’r.uiCal Charac 
~~~~~ 
: s t i e s  of ’ Elliott hay W ate :’

~~~ ceucen ’ “at ion;’ o t t  suspended solids , tr uce metals , and

~ t t 1:.’ Eli j e t  t Bay dredge disposal site (: ;t  at : - mis t’ , I ~t ) ,

:~uwrL”: i sh Hi ‘.‘ t ’ r most h I, stat ion  ~~ , a t id  two cc t’erence s i :  s: ( :: t :1 ti ot u :s I

1°) ire :1 :- vu; I a Table 2. The :; igu:i t’ ict ince ot t ’ t ’tnt ’ . ’u’ ;u I , d .p ’ 1:. and a ’ .—

t j ul di f t ’t ’rt ’nct ,; in t Pu ’ chemical I’ar:unu ’t eu’s as determ I :;t ’d by unalys i::

ot t ’ cev ar lu t t uce is ts l’u I’t t  e~i In ‘l’;th le  12.

Temporal di t’b’e”e ’ ;ct ’ ;
in ch em i cal ~~t u t n ’ . L u ’ 5 t  ~‘:‘s

. ~ U:: l eadu ’d solids n;u’ut:ait ’t’d over t In’ di:: Sot:; a I a i t e ,1t ’,’ ru ’s;; t’d 1’’—

tweet ; i”cst t ’:nheu’ and December 10 ~a sampling a rt; 15t ’ S  ‘ - i ~P; no sign i i i —

cant c h:tmtge: : occurred in the ma’ t’erc :a’ e sit ca .  fe;u:,”m ’ o t t ’  a m’ ,a ’ r: I c 5 ’ou t ce t :—

trat ions at la ~I is po;:ai sit- c were lower It; Pu ’s e:’:ie;’ ii, a it ; 5u’~’t cmls,’;’

although arsenic in the ru ’ t’e:’ence sites retrial ned csu,s I nut , ft  Pt ’:’

observed temporal changes os sat’ red nt both di:; pots al and t ’e : ’~’t’ east ’ a it u ’:;

:::id t tie:’.’ fore wer e likely s ca: :otuurul rather than di;; po;:;l ‘ t ’ t ’:’s ts

r ’ot:: i t ic:: di t’:’er’ence:: over
depth in t h e  water ’ c olumn

OVe r’  t,lrt’ di::1’oa,’u I s i te , n:au:~ ;tr;t’sc cons entra t. ions were hi ghex’

in bottom water:: than in :;ut’t’ace waters , while in ac t ’ crease s i t e s  I lit’

opposite t.~ eui~I was observed .

Spatial dift’erenc ea
in chemi ral parameter::

P’ . f oncentu’at iot ; levels ci’ the various traee metal s ;t:ud nutrients

measured in the water  u :l’otve the dispo sni ~l tu ’ were not stat i::t ically

Ia

‘ . .  ~~~~ r-~~ ’-’ -~~ 
—
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-
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different from levels measured at the referenc~t sites except for mercury

concentrations in i.teptember. In September , the mercury concentrations

at the east reference si te (station 19) were approximately two to three
times higher than levels in other parts of Elliott. Bay.

Chemical Characteristics of Elliott Bay Sediment

37’ The pH, Eh , and free and total sulfide concentrations are tab—
ulated in Table 3, Concentrations of arsenic , chromium, manganese, and

mercury in sediments are shown in Tables Ln.7. Particle size distribution
and percent water values are given in Table 8. Tables 9 and 10 list the
concentrations of arsenic and manganese in interstitial waters . Inor-
ganic phosphate , reactive si l icate, and ammonia concentrations are tab-.

ulated in Table 11. The significance of temporal , depth , and spatial
differences in the chemical parameters as determined by analysis of

covariance is tabulated in Table 13.

Sediment parameters

38. ~~~ Sediment pH was lower at the Elliott Bay disposal site
than at reference sites for both sampling cruises and decreased between
September and December (Table 3) .  No temporal effect  was observed for
the west reference site. In addition , pH values for the central disposal
site increased from the top to bottom sections of the core.

39. Eh. Eh values were more negative in December than in September

for central disposal and reference sites (Table 3). The Eh values in

the west reference site were higher than values obtained in the central

disposal area arid in the fringe of the experimental disposal area . No
Eh differences were observed with depth in the core.

140. Free sulfide. No spatial or temporal differences were ob-

served for free sulfide concentrations in Elliott Bay (Table 3).
141. Manganese. Manganese concentrations in sediment from the dis-

posal area were greater in December than in September (Table 6). Concen-

trations in the central disposal area were higher than those in the east

reference site.

~~ Arsenic. The arsenic concentration in sediment from the

17

‘~~~~ 
,.

~~~~~~~
... 

~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
— —-.——— ,—., _ , . ~~~~~~~~

-
~~:‘ -



. ,~~~~~
‘ ~~~~~~ 

— ,—‘,‘ -, 
~

‘— 
~~~~~~~

_____________________ ‘ . . ‘ ‘ 

.

ce nt r’al l:;:~’s ut I s I te was hi slie r i t t  the top at’ot t ic r :  o t t’ Pt’ core than in

the lower Set’ t ion ~‘at’  t t ’ h ) . No temporal di :‘!‘er’ea~’es WCI ’ u’ ot:sc u’v . at and

di t ’I’en’ ut:ces In con .- ant u - at ion between I he cent m’al J ,s~ ‘55] : ‘ it e teal t he

~~u ’ . ’ I  ta u’e r.’r: ’ . t a t  ion were not ;: 1gm : it ’ I

________ 
Mt ’:a’ ;:’v t ’Sn:;’emit  n’at iOflS i:: se ’ d [“ it -nt i the di:nucsa l

S i t u ’ j n;s r ’ u’a, ,’ ,! ~‘t ’t  wee: ;  the f”t’t.emi’t- u’ and December saznpl ing cruises

Table 7) .  The ac r i . ’ u ’:.t r i : is:: at  t in’ dis;’.’aal s ite dt ’,’r’ u - :t: ;e d :‘t’su ;: the

t ~p to the l ot: o:~ st’s us’ o :‘ the core;; . Mere ur’y corr ect : t.t’;i t lot: ’ were

two ot I j ;r’ t ’ t ’ t 1 mes St’u ’ui er’ in ;;e..I j rut ’:: t ;; “‘~ott ’ the eta ; t . ; ’ ~ :~ t~ t ’u ’!lt’ot s i t e

t I:’;:: el.t’w hu ’u’ e it :  El i I ~ l t Pue,.

2hu’ot uu: I a” .. C u ’ ~ ‘u i ‘,us e orteentrat. icsis I:: aedimen’. ~ eta ’  I: ‘list’

at the we st  cc t’ert ’utse ~ t u t  t - ‘t i Putt; at the c stit  ra t  ~l I ~; u’s ; at , fringe di a—

a S ‘I i - ‘a eti;: a ~‘ u ’s ret;;- c a i t  ~‘s (l’utbl e 5 . The ci; rot::; i u’u, co urt ’ en t rat  ion in

sediment at the .1 1 :: ua’s:t I ;: it e decreased w i t h  deut I :  in the a c t’ s .  -

t. era s u’ a I ~t i t’t’et’ t’u ;. ‘ c we u” ,i’ ; er’ ve,i .

Put  :‘ t j ~~ ’ t- 2 : , ,‘s:t t’ :;S fans t ions 1 ( , ‘ rim; :111.1 2 (1—2 ‘u:tu )

des r’t’asc~l wit it It :’ ’ I, in the coat ’s I ::kt -r : t’u’ utu I he as:: u’s] disposal area

while ‘oars’ t’rua’ ’ io t t us  ~~~
‘ . ‘ — l ta:: ) ;utd 1~ ( O . . ”— O.5  uru~ iu:~’ reaacd w : U:

depth ~‘7’t b.Le 0 ) .  Not ;- ; . rt [a le si:’.e variation WI t Ii ds~’ ti : wul;: sect :  for’

the vu ’s I at ’ t’t ’!’t ’Ss u - S it c . Cl”.’ was higher at I he Vt ’S u’s ‘ot:’etic C a it ot

than - :  c it  he t’ I :l~’ cent. cal di:: pot sal. ut at’s or t he east St’ ‘c :‘su cc s i t  c

CF14 war hi .~l;cr at t un’ di ;.;potsu sit c t han at the cuts t’ u’ ,‘otreac e sit t’ .

The a i t t  t’;’::a iou: was higher at. I lie disposal s it~’ l uau : u:t t Il t’ ;eat u’ .

erence s ite ,

Inter’:: 1 1, ~ lal wut t c u ’  ~‘: u’:ure t cr’s

Man iutu ’s. -, Martgt i t ie ;e t’cua’ t ’ u it  rat iott;s in m t  cu’ :t  ‘it I:;] ~at cc:;

t’r’ott’ : I li s t t Bay .ed i men t. were ;: I gait ’ I ~‘;it; t ty higher with in the disposal

— a ltt ’ t ha:; ‘it u’et ’u ’reu:t’e t . uit ion s (stations 17—20 (see ~‘ab1t’ tO . No

con;; I stt’nt pu tt t err: o t t’ i nrc r’cul;; ing or de.’ reas i t:g m angan ese cot ta cut t u’at I en

was observed wi t 1: dt’pth or’ diatt iu t ce from the center of’ the disposal

site . Not I car ps u.n I effect upon concentration was ;: ot ’n for disposal s i t e

se’d i “icr; I:; . A dcc r’t’;ise in maulg:tu;t ’ru’ cons eat  rut t ion wit-I; depth was seen

at  the west l’ t ’ t ’C t ’ t ’t l t ’ t ’ site.

1,7, Arsenic. No :;t;it I stically i i  gui t’i cant. di t’t’er’cnces in
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a nceu ’_ ‘ ‘ tt  j o t ;  o t t ’ auss.’:; i a were t;hrt’ n’ved between di spu:;al and n’ eft ’r’ ct ;ce

s i t  t sr’ wi ll ; tepti;  1:; P. ’ cores (Tabl e i ) ,

its. u t::;t .~-, Inorganic pho:;ph:tte cou;eent,rations decreased from

2t’ l t e:’. l ua ’ 1 l’s . ‘ .‘:ut;er !~su~ t. i;t ’ c’.’u;t t’Si di: ~oau.1 site (Table 11). mt

pho:’t l ’ t t t ’ cot ; ;” - t ; t r’ t t t  ~~ at the central disposal region was higher than
1 Putt ol ::st”.’u ’~; at  ci t ht.-r on ’ the ret ’er’ence :: ites .  No curicentration gradi—

W t ’ t u - ;;t’::t’t’ved with dt .’pth in the core.

~~~~~~ Amm onia. Ammonia t’cni ;’eu:tu’:ition was significantly higher’ at

the c e n t e r  o t t ’ t ie ’ ii;’ t ’o.~~ j site than it the reference s ites and concert—

t z ’t tt i ; ’:i;’ were a’r:t ’u’aI ty h i g h er in December than in Iteptember for both
t i e  ii aposa i tad w t ; ’t. rt -t ’erence sites (Table 11) . No signti ficant con-

centration differcu:t’ea Wet’s ott-served with ; I e ; ’t t i ,

L:ist ’uaa ion of He:;ult

Co rrelat ion s between various
aheunical and physical parameters

50. Seawater ’ . Table 114 lists the Pearson product—moment correla-

tion cot ’I’ficieu;ts , R , for’ seawater samples taken at stations 6 and 10
.4  of the disnotral s i t e .  A similar matrix constructed for the reference

stations (~~tuitiotut~ 11, 19) is shows in Table 15. The only significant

correlat ions (2- < 0.01, 09 percent confidence limit) present in the
reference stat ions are between the various nutrients: nitrate and phos-

pha te , nitr’ate and silicate , and phosphate and silicate. In the dis-

posal site the re  is also a correlation between suspended solids and

manganese (S < 0.001) and between arsenic and phosphate (S < 0.005) .

51. Sediment. Correlation coefficient matrices for sediment param—
t’t.e;’s in disposal and reference stations are given in Tables 16 and 17,
respectively. At the reference stations , arsenic in sediment correlates
(S < 0.001) wit ii arsenic and mercury in interstitial water and with

mercury and chromium in sediment. Arsenic in interstitial water corre-

late:; strongly with uu:t’raur’y in interstitial water and with chromium in

sed iment . At the disposal area pH correlates with Eh (s < 0.003),  with

manganese (0 .ooa) , arsen ic (0.001), and mercury (0.001 ) in sediment ,

19
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:ti :,I w i th t r:aIt~’:Ini ’:a’ i t :  I mit  - u ’ ;; t I t .  t a t  wate r  (0. ~:OI  ) , lbotwc v :’m’ , t he i~{.rong

u,’, t m ’ t ’ i’l:t t I’ ’t j l ’ ’ t wi ’~’ ui  t .i:t ’ n- :u:’ I ,‘u::: huu ’a’r tti , ’t , :i 1: : uc ’e f l  u t .  Liii - :‘t-~’i ’l’ ’t:.’ ’  ::t ml’—

I. I OtiS wer i’ t ro t  i ’ l ’ : S ’ t ’v f ’ l

1~~ ’ i ’ S t ’ :‘ i ’ t ’ : ’ i ’ ’ ’  rn’s :1 ti ’: :

-~ . WIi ’ti t:r :41i’m ’t .ti k In n—I •t : ; t . n n i j v  ‘ I’ t h.’ i ’ I ’ t ’i ’ :’ t .  ‘ t ’ a pi’ m’ t  t : u ’ t ;ut  I.t: :

ml ru n t nit ’ : : I u:~~t ; t , c’ t uu It I ;  1 :it~ ’ o t t ’ t  t i nt I i ’  lilLy’ ’ m u n’ ( ’t ’(’ t’ ’t t u ’ ’ :u~~’su t , t : m i t  I:~, til m i ’ .

t ’ ~ iii’ st.: .l ,v :u :a- : :  in ~‘vsi’y ‘411..V ~‘X~’~ ’ i I  t.l;iit, It .  I:: h i t  :‘, :ml t ,j m ’ cI .  t ,

‘x l i i ’ u’ Itu:rn tt. ni I :; t , n ’ - ::: ; , In t iii: ; u’S::’’ iIl:;~’ ’ :u mu. l sf  ~l t• u~ I y , ’,l rnui t : ’,’ lut l ,
tnt t .hi:: :;t. :n,lv t h e  u- : : ; ;t  r:’t’i ’i ’ ’’ I : , ’ ’ ’  :: I t . ’ , i i  u i t ’t ’:u)ii ’ ’i t m ’ i ’ui (

~hie I’ ’ui t t I’ ’

i’~ 
i c:; , t t ; uut  rt :t ’r’ .’ tn t ’ ,v u’ot n:i’u’ni t , m ’ s I I ‘r : u - I Ti t,tn’ w ; u t . . ’ u -  • ‘ ‘I I . n ’ n t  t . • tu ri d I t n _ i ’ m ’ —

a t ,  I t .  Int l W ;t I ‘‘ta w in I~~: Wi ’ :5 51 cv;: i i i  w I t ‘u ci’:; p.’ . - I I ‘ 1 ’ , t i  t t i c ’ dl :;l.i t::?L1

aniti w ’:;t. u’e ’’~ u’ ’ ’t 5 ’ .- :1 , - ~~:, It: ;t I,I i t .  i .st • I’.!: t u t n i  ( ‘t ’ t ,~ t. .1 val : 5’ : ;  nt t hi’

5:1: ;  1 t ’e t ’c ’ u ’ ’ - ,~~~ ‘ i ’  ~ I 1 e w ‘n’ r ’ :1 1’:: i t’ i’ utr i t .  lv I otwi’ S t Ictimu v; h: ’:; :15’;:; ;: i - - t n t .

thi’ wen t .  n ’et ’e r ’ e r :c ’e :: I t i ’ . 2-ci t  j ::t, ’n i t , ; :  nIt. (-Ii i’  .‘:I:: t r’ c ’ t ’.’r’ ’ ’ i :’ u ’ : ft. ’ li~ d i i

mu sh t_1:. , :u t ,c m. un ’ u’~’ .’ t u I  ;:g.’ St I’i t it’ r’ I ’Sr ’ t  ~‘ Ii’ ;;  l;’,i’ mt :zi t . i’ ’l ;  I I ‘‘ H i t - u  t in:’

We~~t n’ e I ’:’t ’e r:c ~m~ :1 sir’ t i e  :Il:;j ’ i’usti i i i ’ :’;: , ‘l i n t:; ; , the ‘hot I ci ’ o t t ’ t .h:~ ret’—

:; f t us: rota ‘ 1  ins t i l  ;tm :d wat ,.’t ’ u ’l;’i~ t ; :t . r ’ y et~nnpnLr ’ i  : 1 1 :; w I:: not i uhi ’ t i I

(.~n u I v  u t ;u t.  lot: ;;  1’ )  ;tnn l ‘0 w , - t ’u ’ r:seii i n n  ‘[ ‘ ;u ’ j < ’  I I t ’si’ d i i  e n ’ t t u i m u i t  lou : : ;  sit’

I 1 -nul pI ‘rut ! :~nid c lu ’~ ’t . i: Ii I’ t ’.’:’s ma’s:: b’’t-wem’n: i.I,.~ set :  I i’- il c i t  :;t ’ ;,’t I : I Is nn,m;:t I lit’
Unit! I:: t .mn r ’ lced n It’ s:::; itt ’ KI I I o t t  1t 5\’

lnnpn’opt’r :t .‘t ’ni~’ c ’ :ur t i
,j,~ ’.’! :‘ent t ,mrw’nt. jn’oii

~. A l t  ht ’ ’:mi _ ’lu .‘:t t ,t :itt ’In: ’ utnuni p li ’s I’;:,: co t n u i It: nut t ’i ’u ’ut ,’ rtm :ii wmm t. : ’ : ’ I ’ i ’ m ’ n : u ’

5 ‘mi t ann I u r ; t t . I ~.n: t ’ :’ ’t u: I indu:; t. n’ I:: I nnul inrtnrLI r t i 5 : i  cci’ ;; i,ii: I sin ‘ ‘ ‘ ‘ : 1 :  I I I ri ~‘l i ’vt. I

un it i i ’ m : : : t i ’ heuvy u:ti - t, u i I: : a’’ t ,tt .I vs li t pa l :;t . l  ni’ ~ ‘ ‘~‘ . ‘ : :  ot c ’ : ’ m i m r  S

1 I I  I I.~t u I c ’ v ’ I : :  I 5 ’ i ’ ‘‘u : ,’ : l l . :tt, .’ I l~~i t  i’n :u’ .- lit ’ i ’xet’ ’ I cci i  Is tn i :Imi

tnft’t Ii I c, ‘at :11; ;  I Int l  I I i’ll ‘1’  I c ’ : u ; ;  lt::’ l t : t _ ’l .s1 Ii’ c ’l,I i t t  • :1 4 ’:’:in-~c , stat mu::: Iv:: 1;;

Wit lu’ut. at!:’ :1:1:11 I’ j ’ ’ i ’ t . i ’ i ’ t  i i t f l  o t~ :;;ut.:; ’Is I n it egi’ I t v  • ‘; l’~
t t l i i i sniti t .u”t: Itt~i’lL i

eh?tt1~7,C’ni I n n rt: , ’t ‘i i  i’i ’ r t i ’ i ’ t n t . t ’ u u t ,  l i i i :  w i n  Ii ’)n 1:1’s:::’ In : l i ii’  unu:t. n,i’ :i l :t: ; :u’ l in:’ :y’,:t .‘tt n

(‘sLm nnhu:t lii ’ ~I ’t . ’mn: : l t u r d .  ‘I’i:rr ’n:t . :r t i  t in ’ unrunnpl e In :i .( ’n- Im’ I m - ~ hut ’ h id’’ net

ei ’nitann I t int I on: om . Ii ’ ;: :; L a tine I : t t : u : n ’m n  t .4 cry itnuil i’t%tS ’ 5:::;; 1 in’ t .mi h enn 1 .’ ’ upirt! :—

t. I t’v t . l i i ’ se h’’’’~~’ 
li - rita .

‘di . “ i d  lutw i !ltr .‘ ‘ ‘n : t . : ’ t  t ’nni ’,n t t .  I:”,: • I t i t . t ’u ’ u ; t ,  I t. iit! w hI t er ’  ;SIufl I - t  e: t u t u  W (’ l’e

I ’  I ’’’ tins t y : ’.i’ I t~o tn •  I u ’;u ’’ t t t i ’ t . ; u  I:: wsr’~’ u~~- lu l l  ,‘li’ il w i t i n  ili’I nitnil u t  ‘ ,c• ,I  t i t

- -• 
~~~~~~~~~~~~~~~ 

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

‘
~~~

•
~
“

~
• 

~~~~~~
_

~~~~
_• - —-~~~

t.
~~=~~~_

4.



‘
-‘~~~~~~~~~~~~~ 

x I~~~~7~~~~~T ~‘T~~ -’~~~
’ ’  

~~~
‘t

~~~

)
room temperature in polyethylene bottles. Because samples were not

frozen, considerable amounts of arsenic and mercury were lost to the
container walls in the 5 to 6 months the December samples were stored
before the analyses were completed .

‘ i ’ . Arsenic. Table 18 shows the effec t of storage upon the ob-

served arsenic concentration in interstitial waters collected in Septem—
- ‘ ber . The first arsenic concentration , Asl, was measured in November

within about a mont h of collection. As2 is a second aliquot taken from
the sanune storage bottle and analyzed in May, approximately 6 months
late:’ . As shown in Table 18, the percent change fri arsenic concentra—

tion ranged fr’om —75 percent to +231 percent of the value determined in

November. Although adsorption of metals on the walls of containers is

probably the most likely mechanism for change in concentrat ion , result.—

trig in a decrease in observed concentration , contamination can increase

the measured concentration. Samples from the December cruise were not

analyzed until 5 months after’ collection and were considerably lower in

concent ration reflecting the loss of arsenic to the container walls.

Titus , t i n ’ only arsenic concentrations reported won’ :’ from the September
cruise,

tc6. Mercury, A similar problem was encountered in analyses for
mercury in inter;;titial waters. Acidified aqueous solutions initially

c o n t a i n in g  0. 3~: mg/l have been observed to lose more than (‘5 percent of

th e original mercury when stored In polyethylene con ta in ers for 10
days)~ Table 10 shows the change in mercury concentration measured
in September samples followi:tg 7 months of storage. Because December

samples were stor ed 6 nnont hs before analyses , the results were not

reported. September samples were stored for over a month and therefore

are also questionable and not reported , Llndberg and Harriss1’1 indicate

that interstitial dissolved mer’cury is much greater than that it; the

overly ing water . Results of thi s study did not support this observation ,

and , rather than being indicative of unique conditions in the study area ,

measured mercury concent rations In interstitial water are believed to

reflect the improper storage of the samples . Seawater samples t.o he

analyzed for mercury were frozen immediately after t ine collection ,

1
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but Interstitial water samples were not .

57. NItrate. Nitr ate values for interstitial waters are not

reported because samples were mistakenly stored in bottles that had

been soaked in nitric acid which contaminated the samples for this

nutrient.
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PAI~T lV: SU1V~4ARY AND CCINC1,Il2-I ON2-

58. Disposal ot t ’ dredged material from the Duwamish lUver into

Elliott P.ay has resulted In minimal lontg—tcrmn chan ges iii conicentrationc,

01’ trace metals oi:::em’v cut In water a boy c t his disposal r’ It t ’. Six and nine

months after t in e di :;po::utl of’ dt’euIge~l material , the only sign! flcan t di f—

fem ’ r’ r:ce between w t : t  :~m~ :it the disposal site and :it the two n’eferenice sites

was a higher nnnercut’y sonic cnt c t t t .  t ’ t t  I a water s of t u e  55:: t. cc f’erence site

located n ear the Seattle wuttu ’ :’ t’ronnt. The concent - n’ations of suspended

j solids and arsenic in tile wat em ’ colwnn above the dispi -cs al area decreased

between St ’ pt .c ’tn t c ’r’ and December alt irottigl t ito sign; i flt ’;::: t c!tnungc ’ in conicen—

trat ion was t,~~:::u ’n’ved at t itt ’ m’s fu’:’eni’:’ nit .’ : : .

~ Q , Al te rat. iou; in ; ciiu’mi ~‘ t t  I parameters ol’ the disposal s it.e ned I —

meats was Si g:t 11,1 5:1 tn t. six and n i mis month s after iii spots:; 1 when; compared

to one or hot ii re fer’ence :; t at ion;: . In; 2-e 1’t euitt’t ’ u’ timid December l°’T b • the

sediments of ’ the disposal tu’ert had phi rInd i’lh values :; I gni t’i cant 1y lower’

titan those tic t ecu:: i nc~1 at the went reference :: t ui I. i on. At. the ut ;:

siLt’ , concentrat iomis of t;nu:ntg,u tnnese , inorganic pinot :; pl :ti t s , amid atmnon i a in

the inters titiu :.1 waters wet ’s higher than at both reference ::it.en , while

chrom ium Wa:: hi. gins;: t I n S e~i i utter : tn at the west. n’e i’e;’eniu’(’ ;u it c5

nO. St gn 11 ,1 cain t. tcrt:poral ch:nungc:; in t ine sediment. 1’l:cu’: I :: t. n’v of the

disposal :; It-i’ were observed between September’ and Desu ’utnl:en’ 1 O’(t~ ; pH , Flit ,

and fnor’gan is ph osphate iliac n’ent:;cti at the iii ::potSu; I n i t 1 ’ sind mercury and

manganese coneen ;tn ’uu t i u ’nt :: in sediment increased . At . t ine n’ :’ 1’.’r.’ nn , ’e St  5—

t ions on ly Rh was s i gn i f t  cant ly  d i  t’feren I. In P.’cenul ’’ ’n’ t h a n  in 2-t’pt et:nber’

arid :ils ot , in Pee euttl ic u’ • the ::‘,i lu: ‘tnt.:: became more reulunc I nig in; nut t.ure.
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APPENDIX A ’

ANOVA AND MULTIPLE CLASSIFICATION ANALYSIS TABLES FOR SEAWATER AND
SEDIMENT VARIABLES WITH SIGNIFICANT POSITION EFFECTS
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ANOVA Table for Seawater Mercu ry ~ Posi t i o n w i t h

~~~~p , ~~~Covar iatvs

Posit ion Station location; cen tra l disposal site (st at ions 6 , 10~) west
re ference s ite (stat ion 17 ,), east refer ence si te (stat ion 19)

Time Samp ling date ( September , December 1976 )
Depth Depth in wa te r column (2m f rom surface , ~Om above bottom , lm

above bottom)

Sum of Mean Si gni f i c anc e
~~~~~~QfJ ,r~~t i~~ S~~~res DF S~uare F 

~~~ ~Covaria te s  110.008 2 55.004 .193 .825
Time 30,343 1 30.343 .106 ,746
Depth 79.665 1 79.665 .279 .600

Main effe cts 4318.674 4 1079,669 3.782 .009
Position 4318.674 4 1079.669 3.782 .009

Explained 4428,682 6 738 .114 2.586 .O.~9
Residual 14844.381 52 285.469

Total 19273.063 58 332.294

Cov ariate Beta
TIme -1 .434
Depth -1 .4 11

60 cases were proc essed
1 case (1 .7 PCI ) was miss ing

A2



Multiple Classif i cation Analysis for Seawater Mercu,~~by Position with Time and D~j t h  as Covar iates

Grand Mean = 26.26
Adj usted for

Adjusted for indepedents
Unadj usted Independ~-’nts ~

- Covari atesVariab le + Category N PFVJN Eta PEV ~ N te t d  DEV/ N Beta
Position
St. 6. central disposal site 11 -5.39 -5.35St. 10 centra l disposal site 12 -2.46 -2.47St. 17 wes t reference site 12 -2.26
St. 19 east reference site 12 16.58 16.57St. 44 Duwamish River mouth 12 -6.9 ? -6.93

.47 .47

A3
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ANOVA Table fo r Seawa te r Mangan ese by ~~ itio n wi th
Time and Depth as Covaria t e s

Posi tion Station locatio n ; central disposal si te (stations 6 , 10 , ) westreference s ite (station 17),  east referec~ce site (station ‘19) ,
Time = Sampling dat e (September , December 1976)
Depth Depth in wa ter column (2m from surfa ce , lOm abov e bottom , imabove bottom)

‘Sum of Mean Signifi canceSource of Variation Squares OF ~~uare F of F
Covariates 334 .604 2 167.303 31.388 .001Time 212. 105 1 212.105 39 . 794 .001Depth 122 .500 1 122.500 22 . 983 .001
Main eff ects 264 .417 4 66.104 12.402 .001Positio n 264.41 7 4 66.104 12. 402 .001
Expla ined  599 .023 6 99 .837 • 18.731 .001
Residua l 277 .165 52 5.330
Total 876 . 187 58 15 .107
Covari at e Beta
Time -3.793
Depth 1.750

60 cases were process ed
1 case (1 .7 PCT ) was mi ss ing

A4
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M u l t i  p1 e Chissi f i~at i ~~ ____ ~~~~~~by_ D~si t i on  w i t h  j i ~uç_ and [h!pth as Covariates

Grand Mean = l b .35
Adjusted for

Adjusted for Independents
Unadj us ted IndependCnt s + Cova r i a tes

~ Yt~L~~ ~~~~~~ - 
P DEVLN Beta

Position
St . 6 centra l disposa l s i te 11 -1 .52 -1.39
St . 10 centra l di~ po s a1 s i te  12 3 .80 3.77
St. 17 west reference si te 1.~ . 3 ’  .28
St. 19 east reference s i te  12 - .33 - .36
St. 44 Duw ami sh River mouth 12 -2.39 -2.42

.56 .55

A5
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AN OVA T~ ble for Sed I rne~~,,,,pH bv!,os It ion
with Time and Depth as Covar lates

Position = Station location; central disposal site (stations 6 , 7 , 10 , 11 ,
west reference site (stations 17 , 18), eas t reference site
(stations 19 , 20), fringe of disposal site (stations 1 , 2 , 3 , 4 ,
5, 8, 9, 12 , 13 , 14 , 15, 16)

T ime = Sampling date (September , December 19 76)
Depth = Depth in core (top 10 cm , bottom 15 cm)

Sum of Mean Sign i f icance
Source of Variation Square s DF Square F of F 

—

Covariates 1.044 2 .522 8 .622 .001
Time .430 1 .430 7 .100 .009
Depth .614 1 .614 le .144 .002

Main Effects 10.130 3 3.377 5~.751 .001
Position 10.130 3 3.377 5~,75l .001

Explained 11 .174 5 2.235 3€ .900 .001

ResIdua l 8.721 144 .061
Tota l 19.896 149 .134

Covariate  Beta
Time - .107
Depth .128

160 cases were processe d
10 cases ( 6 . 3 PCT ) were missing
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Muj~~~le C1ass if ica t i on ~~~ ysis for Sedi t~~nt pH

~y, Position with Time and D~pth as_Covariates

Grand Mean = 6.86
Adjusted for

Adjusted for independents
Unadjusted i ndependents + covariates

Variable + Category jj 0EV/N Eta. 0EV/N Beta ~~ /N Beta

Position
1 Centra l disposal 31 — .16 — .17
2 West reference 16 .50 .50
3 East reference 16 .50 .50
4 Fringe disposal 87 - .13 — .12

.72 .71

A7
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ANOVA Table for Sediment £1~~g~nese by Posft~~~~j~h_Tirne

and ~~~~ as Co variates

Position Station location ; centra l disposal site (stations 6 , 7, 10, fl),
west reference site (sta tions 17 , 18), east reference site
(stations 19 , 20), fringe of disposal si te (stations 1 , 2, 3,
4 , 5 , 8 , 9 , 12 , 13 , 14 , 15 , 16)

i ime = Sampling date (September , December 1976 )

Depth = Depth in core (top 10 cm , bottom 15 cm)
Sum of Mean Significance

Source of Variation Squares OF Square F of F

Covariates 32881 .749 2 16440.875 5.006 .008
Time 32516.971 1 32518 .971 9.90 1 .00?
Depth 277.986 1 277.986 .085 .77~

Main Effects 39583.925 3 ‘13194 .642 4.017 .009
Position 39583 .~~5 3 13194 .642 4 .0 17 .O0~

Explained 72465 .674 5 14493.135 4.413 .001

Residua l 492668.236 150 3284.455
Total 565133 .910 155 3646.025

Covariate Beta

Time 28.881

Depth -2.671

160 cases were processed
4 cases (2 .5  rCT ) were missing

A8
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Multi ple Classifi cation Analysis for Sedimen t Manganese

~y , Position wi th Time and Depth as Covar~~tes

Grand Mean = 255.88
Adjusted for

Adjusted for’ independen ts
- Unadjust ed independen ts + covariates

Variable + Category N 0EV/ N Eta 0EV/N Beta 0EV/N Beta
Position

1 Centra l disposal ~2 28.00 27.86
2 West reference 16 -11.56 -11.7 1
3 East reference ‘15 -28.63 -27.93
4 Fringe dis posa l 93 - 3.03 - 3.07

.27 .26

A9
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AN IWA I ~h It ’ t or ~ ‘d i t’nt _Mt’~cu ry_ by rt~
;.1.t ion w i th Ii itx’ find Dept h

as Co v a r 1~ t t ’c

t i on ~ stat ion 1o .i t ion; t’t ’ti t rtl dl ’. a I  ~.i te (,t .~t i on ’. ( . 7. 10, 11),
we’. t i’ t ’  t ‘i’eiic t’ s i t  e (‘ .1 ~i t i o n ’ . I 1 , 18) , pa’ . t ret t’rt’n e ~. i t  e
st1i t i ons 1’) , ;~0 ) , tr i h o t ’ of di spo’ .a 1 ~ itt ’ (‘d ~i t ion ’ . 1 I • 3 ,

4 , . ~~, ~~, 
L1 . 13.  14 , fl~, 1~ )

I i ifl(’ S.~m~ 1 I no ti.i t.e ( Seilt ~‘nihe r I)ei’t’iuht ’r 1Q76)

Iie~th ~ Dept Ii In core (1 op 10 (rn , hot tom 1!, i’m)

•Sum o f Mean Si qn I f l~~ni’e
Sourci’ o I Var~ at  i o n  S~1Il~ re’

. 1)1 St~ua~’t’ I of I 
-

Covar i~~t es 11 ~~~~~~~~ ~,. tfl 1 3 . ~~0 .0.fl
t line ;‘ . ,t~’c~ 1 ;‘ . 3;~~ 1 . .10i
Depth 9 ,’~’ /  9.bb/ !~ . / (~0 .018

Ma In e 1 l t ~ t~ ~1;’ .9/ 7 3 14.3;’~ 8.M~ .001
i t  Ion 4~ . 0//  .1 14. .l~ b ~~. t .’7t’ .1)1) 1

F ~p1.i I ned !~4 . / t )~~) 10. OoO ~ (~1 ~‘ .00 1
Res i d ua l ~ ‘t I .1°I 1~’l 1 ~~~~
lOt .l 1 • (hi ,tIo() ~~ 1 , ‘~~,

Cov~tr I .i f e  I~vt a
I Inn’ . ~43

Dept Ii .493

1 (,fl t a  ‘.e’; were pi’ t.~ t ’ ’ .

3 ~~~~~~ (1. ° I’ ( I )  w t ’ m c ’ nm1~;’.ino

1

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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r Mu l t  ip ie Cl ass i f ica t ion Anails is for Sedim ent Mt’rt~ry by P itthr
wi th Ti m e and Depth as Cova riM t’~.

Grand Mean .51
Adjusted for

-4 Adjustt~ for I ndependents
Unadjusted 1 ndepend :’nt~ s + Covarlates

Van able  + ca t~~ory N DE~~ Ltn DUY/N . J~~ 
DE VIN Beta

Posltlcm
‘1 Central dispos al ~2 -.33 -.33
2 Wes t reference 16 - .28 - .29

3 East re ference 15 1J~9 1.58
4 Frin ge disposal 4 -.09 - .09

.38 .38

All
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. 1
ANOVA Table for Sediment Chromi um by Posit ion with Time

and Depth as Covar iates

Position Station location; central disposal site (stations 6, 7, 10, 11),
west reference site (stations 17 , ‘1 8), east reference site
(stations 19 , 20), fringe of disposa l site (stat ions 1 , 2 , 3 ,
4 , 5 , 8 , 9 , 12 , 13 , 14 , 15 , 16)

Time Sampling date (September , Decembe r 1976)

Depth = Depth in core (top 10 cm , bottom 15 cm)
Sum of Mean S ign i f i cance

Source of Var iati on Squares DF Square F of F

Covariates 2537 . 371 2 1268 .686 3.886 .023
Time 124 .786 1 124 .786 . 382 .537
Depth 2412 .586 1 2412.586 7.390 .007

Ma i n Effects 37231 .017 3 124 10.339 38.014 .001
Pusl ti on 34231 .017 3 12410.339 38.014 .001

Explained 39768.388 5 7953.678 24 . 363 .001
Residual 50275.372 154 326.463

Total 90043.759 159 566.313

Covariate Beta
Time 1.766
Depth -7.766

160 cases were pro cesse d
0 cases (0 PCI) were missing

Al 2



Multip le Classificat ion Ana lys i s for Sediment Chromium by
Position with Time and D~~~~~s Covaridtes

Grand Mean = 76.79 Adjusted for
Adj usted for indepe ndents

Unadjusted independ ents + covariates
Var iable + Cate ~~ry N D[V~~~ Eta DEV/N_ Be ta 0EV / N Beta
Positi on

‘I Central di sposal 32 - 6.92 - 6.92
3 2 West reference 16 44.58 44.58

3 East reference 16 5.25 5.25
4 Fringe dispo sal 96 - 6.00 - 6.00

.64 .64

A13
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ANOVA Tab le for S~d1rnent Coarse Size Fraction l ( ~~2nin)j,~
Position with Time and Depth as_Covariates

Posit ion Station location ; centra l disposal site (stations 6, 7, 10, 11),
west reference s i te  (s ta t ions 17 , 18), east reference site
(stations 19 , 20), fringe of disposa l site (stations 1 , 2 , 3 ,
4, 5, 8, 9, 12 , 13 , 14, 15, 16)

Time = Sampling date (September , December 1976)
Depth Depth in core (top 10 cm , bottom 15 cm)

Sum of Mean Significance
Source of Var i at ion ~q~ares OF ~~ua re F ___o fF

Covarlates 182.800 2 91.400 3.834 .024
Time 6.400 1 6.400 .268 .605
Depth ‘ 176.400 1 176.400 7.399 .007

Main effects 200.860 3 66.053 2.808 .041
Position 200.860 3 66 .953 2.808 .041

Explained 383.660 5 76.732 3.219 .009

Residual 3671 .31S 154 23.840

Total 4054 . 97 5 159 25.503

Cova r iate Beta
T ime - .400
Depth 2 .100

160 cases were processed
0 cases (0 PCI) were missing

Al 4
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Mu l t i p l e  C l a s s i f i c a t i o n  Analysis for Sediment Coarse Size Fraction

]J~~2nn),~y Pos it i on  with Time and Depth as Covariates -

Grand Mean = 5.76
Adj usted for

Adj uste il ‘for Independ ents
Unadj usted independ ents + covariates

Variable 4 category N 0EV/N Eta DEV $N Beta 0EV/N Beta
Posi t ion

1 Central disposal 32 -1 .29 —1.29
2 West reference l~ 1.43 1.43
3 East reference 16 2.61
4 Fringe disposal 96 - .24 - .24

.22 .22

Al 5
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ANOVA Ta b le for Sed iment _Coarse Size Fraction 2 (1 to 2mJ by

Position w i th_Time and Depth as Cov ari ates

Position Station location; central disposal site (stations 6, 7, 10, 11),
west reference site (stations 17 , 18), east reference site
(stations 19 , 20), fringe of disposa l s1ti~ (stations 1 , 2 , 3 ,
4, 5, 8, 9, 12 . 13 , ‘14 , 15 , 16)

Time = Sampling date (September, December 1976)
Depth Depth in core (top 10 cm, bo ttom 1 5 cm )

Sum of Mean Significance
Source of Variation Squares DF S~ iare F of F 

-~~~~

Covariates 374 .29 1 2 ‘187 .146 4 .322 .015
Time 15.191 1 15.19] .351 .555
Depth 359.101 1 359 .101 8.293 .005

Main effects 939.575 3 313.192 7.233 .001
Position 939.575 3 313.192 7.233 .001

Expla ined 1313.867 5 262.77~
’ 6.069 .001

Residual 6668.195 154 43.300
Tota l 7982 .062 159 50.202

Covar iate Beta
Time .616
Depth 2.996

‘160 cases were processed

0 cases (0 PCI) were missing

A ’16
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Multiple Class if lca t~on Ana lysis for Sediment Coar,se_Si?e Fraction
2 (1_ t~_~~~~ y,Position_w~th Time and D~pth as Covania tes

Grand Mean = 10.98
Adjusted for

Adjusted for independents
Unadjusted independ ents ~ covari ates

Va~~~b1 + c t  N 0EV/N Eta DEV/N Beta 0EV/N Beta
Po Si t I on

1 Centra l disposal 32 -1.49 -1.49
2 West reference 16 5.39 5.39
3 East reference 16 -4.92 -4.92
4 Fringe disposal 96 .42 .42

.34 34

A 17 
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ANOVA Table for Sediment Coarse Size Fraction 3 (0.5 - 1n~n) by
Pos it i on  with Time and ~ pth as Covar iates

Position = Station location; central disp osal site (stat ior ~ 6, 7 , 10 , 11) ,
west reference site (stations 17, 18), east reference site
(stations 19 , 20), fringe of -disposal site (stations 1 , 2 , 3 ,
4, 5, 8, 9, 12, 13, 14 , 15, 16)

Time = Sampl ing dat e (September , Decent er 1976)
Depth Depth in core (top 10 cm , bottom 15 cm)

Sum of ilean Significance
Source of Variation Squares DF Square F of F
Covariates 263.08 1 2 131 .540 1.869 .158
Time 102.881 1 102.881 1.462 .229
Depth 160 . 200 1 160,200 2.276 .133

Ma in effects 3116.202 3 1038.734 14.757 .001
Pos i tion 3116 .202 3 1038.73” 14.757 .001

Explained 3379 .283 5 675.857’ 9.601 .001
Residua l 10840.217 154 70.391
Tota l 14219.499 159 89 . 131

Covariate Beta

TIme -1.604
Depth -2.001

160 cases w ere processed
0 cases (0 PCI) were missing .

MS
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Multiple Classification A~ jjsis for Sediment Co~ ’se Size Fraction

3 (0.5 - 1mm) by Position with Time and~~ pth as Covariates

Gran d Mean = 19.65 Adjusted for
Adjusted for independents

Unadjusted thdependcnts + covariates
Var iab 1e+Categor~ N 0EV/N Eta 0EV/N Beta 0EV/N Beta

Position
1 Central disposal 32 - .60 — .60
2 West referencc 16- 3.36 3.36
3 East reference 16 -12.80 -12.80
4 Fringe disposal 96 1 .77 1.77

.47 .47

A19
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ANOVA Table for Sediment Coarse Size Fract Ion 4 (0 .25 - 0.5m) by
Position with Time and Depth as Covar~iates

Pos iti on = Stat ion loca tion; cen tral d i sposal s ite (~tations 6, 7 , 10, 11) ,
west reference site (stations 17 , 18), e~ t reference site
(st ations 19 , 20),  fringe of disposal si t~ (stations 1 , 2 , 3 ,
4 , 5 , 8 , 9 , 12 , 13 , 14 , 15 , 16)

Time = Samp l ing da te (Se ptember , December 1976)
Depth = Depth in core (top 10 cm , bottom 15 cm )

Sum of Mean Signifi cance
Source of Var iation Sguares DF Squar e F of F 

—

Covariates 150 .783 2 75.391 1.728 .181
Time 2.906 1 2.906 .067 .797
Depth 147 .609 1 147 .609 3.383 .068

Main effects 3484 .783 3 1161.594 26.623 .001
Position 3484.783 3 1161.594 26.623 .001

Explained 3635.566 5 727.113 16.665 .001
Residual 6575 .634 153 43.632
TC~t.? ’ 10311.200 158 65.261

L’~.,~r~ate Beta
TIme .270
Depth — 1 .927

160 cases were processed

1 case ( .6 PCI) was missing

A20

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

~ ~~~~
.,

~~~~~~~~~~~
— _ --——— 

--- ___________



)

Multiple Classif ication Analysis for Sediment Coar~ Size Fraction
4 (0.25 - O.5m) bLPosition wi th Time and Depth &s Covariates

Grand Mean = 19.03
Adjus ted for

Adj usted for independents
Unadjusted independ~~ts + covariates

Var ia bl e + Ca tego ry N 0EV/N Eta DEV/N ~ ta DEV/N Beta
Position

1 Ceitral disposal 32 - 2.23 - 2.24
2 West ref erence 16 - .31 - .32
3 East reference 16 -12.53 — ‘12.53
4 Fringe disposal 95 2.91 2.92

.58 .58

A2’1
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A NOVA Table for Sediment Silt Size Fraction (0.002 - 0.05n~J by

Pos i t ion with Time and Depth as Cov~~iates

Position = Station location ; central disposa l site (stations 6, 7, 10, 11),
west reference site (stations 17 , 18), east reference site
(s tations ‘19 , 20) ,  fringe of disposal s ite (stations 1 , 2 , 3 ,
4 , 5 , 8 , 9 , 12 , 13 , 14 , 15 , 16)

T ime = Sampling date (September , December 1976)
Depth = Depth in core (top 10 cm, bottom 15 cm)

Sum of Mean Significance
Source of Variation ~~~ res OF F of F
Covarites 17 .640 2 8.820 .042 .959

Time 1.764 1 1.764 .008 .927
Depth 15.876 ‘1 15.876 .076 .783

Ma in effects 10222.910 3 3407.637 16.321 .001
Position 10222.910 3 3407.637 16.321 .001

Exp lained 10240.550 5 2048.110 9.810 .001

Residual 32153.261 154 208.787

I3tal 42393.811 159 266.628

Covariate Beta
Time - .21 0
Depth - 

‘.630

‘160 cases were processed
0 cases (0 PCI) were missin g

I

A22
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Multipl e Classification Ana~ysis for Sediment Si lL Size Fraction
(0.002 - 0.O5rmi) by Positio n with Time and Dep~~ as Covariates

Grand Mean 43.47
Adjusted for

Adjusted for i ndependents
Unadjusted i ndependents + covariate ;

Variable + category N DIV/N Eta 0EV/N Beta 0EV/N Beta
Position

1 Central disposal 32 6.39 6.39
2 West reference 16 - 8.25 - 8.25
3 East reference 16 19.77 19.77
4 Fringe disposal 96 - 4.05 - 4.05

.49 . 4

I

A23 
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ANOV/\ 1~ h1c ~~~ 
c i~t j j I~~ ,1t Cidy ~i , c’ I ia ~tion ~ fl . (

~0~ iiiin) hy

ro~ i t io n w it Ii I im’ ~ind I)ert h ac C~~i r1.~t’s

Poc it ion St •i t ion I oc,i t I on ‘. ‘n I i’a 1 d1 ’~ pos.i 1 ‘.it ~
‘ ( t it Ions t~ , 7 , 10 , ii

wt’c I r’  I ~‘r’n~ t ’ ~, i I ‘ ( ~ I ~ I ion ’~ 17 , 18) , - , I ,‘i’ I c’rt ’n~ ~‘ c it ‘

(stil t,ion’. 19 , ?0), trin ~ ’ of di ’.po~ i1 ‘s i t ’  (‘.tdt i on ~ 1 , ;‘ , 3 ,
4. 5. 8, ~, 1;’ , 13 . 14 , 15 , 1~~)

Ti me Samp 11 nq da t ’ (Sept ‘mt’t’i ’ , December 1 ‘1R.)

Depth = P~~ t h in coi’ ’ ( top 10 cm. bottom I S ciii)

‘ Sum of Mc.in Si gni
Source of Varhi t ion ‘~qu~r”,; nr Sq~a~ne F 

- 
of F

Cov.i,’iah~c ‘1(~.l07 20.053 .74’ .478
Time ‘1 .448 1 9.44~ .349 .
Depth 30.65’~ 1 30.659 1 .1 3’I .289

Main cffe t~ (‘ft~.89(’ 3 ?27.~1~~ 8.430 .001
POsit iOn 3 .‘‘,.°(‘F ~.430 .001

Expl a ini ’d 1; ’4 .003 !~ 144. ~~~~ . 3’~5 .001

Residual 4110.354 15? ?/.01?
1 ota 1 4t~.L1 . 3~’7 157 30. !‘~ ?

Cov ariatc Beta
Time — .489
Depth

160 case’; were proci ’cced
‘ cases (1 . .1 PCI) wei ’t- ml ssimj

A?4
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M u l t i,ple Cl a si fica t. ion Ap~~y ~~_Se,~~~ 1 t Clay Size Fract i on
(‘O.002o ) 

- 
) Y N S t l i w i  dfld Depth as Covar iotes

Gra nd Mean 3.52
Adjusted for

Adj u ;ted for independ ents
Unadj usted i ndep cii d e nts 4 c~ ~a r ia t es

Variabli’ 4’ category N U[VJN Eta DIV/N t~eta 
[)~ Vt N Beta

Position
1 Cen t ral dispos al 32 -1.04 -1.04
2 West reference 16 - .19 - .19
3 East reference 16 6 .16 (‘ . 16
4 Fringe dispos al 94 - .67 - .C6

.38 .38

I

~

A25
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A NOVA Table for interstitia l Wa ter Man~~nese by Po~1t Ion

with_Time and Depth as Covariates

Position Station l ocation; central disposal site (stations 6, 7, 10 ,
11 , west reference site (stations 17 , 18), east reference
site (stations 19 , 20), fringe of disposal site (stations 1 ,
2, 3, 4, 5, 8, 9, 12 ,13 ,14, 15 , 16)

Time = Sampling date (September, December 1976)

Depth .= Depth in core (top 10 CIII , bottom 15 cm)
Sum of Mean Siqnificancc

P~ ~~~~ f. --

Covariates . 354 2 .177 .036 .965
Time .354 1 .354 .072 .789
Depth .000 1 .000 .000 .993

Main Lffects 324.870 3 108.290 22.062 .001
Position 324.870 3 108.290 22.062 .001

Explained 325.223 5 65.045 13.251 .001

Residua l 721 .549 147 4 .908
Total 1046.773 152 6.88/

Covariate Beta

:11 Time .096

Depth - .003

160 cases were processed
7 cases (4 .4  PCI) were missing

I I

A26
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Mu lti j le Classification Ana’1ysis for Interstitial Water Manganese bL
Position with Time and D~~th~~ (~,variate&

Grand Mean 3.26
Adjusted for

Adjusted for i ndependents
Unadjusted i ndependents + covariates

Var i ahe +catejjo~~ N 0EV/N Eta ~~~~~~~~~ 2~YLN Beta
Pcsit ’i on

1 Central reference 30 .99 .99
2 West reference 15 -2.81 -2 .81
3 East reference 16 -2.94 -2.94
4 Fringe disposal 92 .65 .65

.56 .56

A27
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ANOVA Table for Interstitial Wa ter Inorq~~ic Phe~phate

bjjosition with Time and Dej~ h as Covarlates

Position = Station location ; central disposal site (s~’ations 6, 7, 10, 11),west reference site (stations 17 , 18), e?iSt reference site
(stations 19 , 20), fringe of disposal site (stations 1 , 2, 3,
4, 5, 8, 9, 12 , 13 , 14, 15 , 16)

Time Sampling date (September, December 1976)
Depth =- Depth in core (top 10 cm , bottom 15 cm)

Suni of Mean Significance
Source of Variation SQ~a~~s OF Sou~ -e I o fF

Covariates 9030.382 2 45 15 .191 18.117 .00 1
Time 8563.243 1 8563.243 34.359 .001
Depth 527 .040 1 527 .040 2.115 .148

Ma in effects 3 182 .6 12 3 1060.87 1 4.2 5 7 .007
PosItion 3182.612 3 1060.871 4.257 .007

Explained 12212.994 5 2442.599 9.801 .001
Residual 32898.386 132 249.230
Total 45111.380 137 ~329.?80

Covariate Beta
Time -1 5.816
Depth - 3.909

160 cases were processed
22 cases (13.8 PCI) were mi ss ing

I

A28
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Multip le Classifi cation _Ana~~~is_ for Interstitial Water Inorganic
Phosphate b~ Position with Time and D~Lth as Covaridtes

Grand Mean = 13.13
Adjusted for

Adjusted for independents
Unadjusted independents + cova r i a tes

Variabl e ‘~ Cat~9~~~ N DEV $N rta 0EV/ N Beta DEV$N Beta
Position

1 Central disposal 23 7.13 ‘ .91
2 West reference 13 -10.27 -10 .06
3 East reference 15 - 9.18 - 7.89
4 Fringe disposal 87 1 .23 1.30

.30 .27

A29
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ANOVA Table for Interstitial Water Anii~onia by Pc-~ition with Time

and Depth as Covariates

Position Station location; central disposal site (stations 6, 7, 10, 11),
west reference site (stations 17 , 18), east reference site
(stations 19, 20), fringe of disposal site (stations 1 , 2, 3,
4, 5, 8, 9, 12, 13 , 14, 15 , 16)

Time = Sampling date (September, December 1976)
Depth Depth ‘in core (top 10 cm , bottom 15 cm)

Sum of Mean Si gnificance
Source of _Variation Sa~~res OF Square F of F

Covariates 1786.749 2 893.375 6.272 .003
Time 1442.863 1 1442.863 10.131 .002
Depth 356.045 1 356.045 2.500 .116

Main Effects 2605.421 3 868.474 6.098 .001
Position 2605.4~l 3 868.474 6.098 .001

Explained 4392.171 5 878.434 6.168 .001

Residual 18373.146 129 142.427
Total 22765.316 134 169.890

Covariate Beta
Time 6.548
Depth -3.249

160 cases were processed
25 cases (15.6 PCI) were missing

A30
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~~~j~1e Class i f icat~~n Analysis for Interstit~a T Water Ammonia

~y P o ~ition with Time and Depth a s Cov ~ri ates

Grand Mean 7.99
Adj usted for

Adj usted for i ndependents
Unadjusted independents + covariates

Var iable + Cate~~,~~ N 0EV / N Eta DEV /N Beta DEV/ N Beta
Posi t ion

1 Central disposal 20 9.90 9.57
2 West reference 13 -5.60 -5.44
3 East reference 15 -4.67 -4.99
4 Fringe disposal 87 - .64 - .53

.35 .34

A3 1
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3 7.6 -32:~ 5. 1 x 10.’lo

20- 1-1 7. ? -;~ s 3.2 x 1Q~~ 67 .2 7.8 -3”~I (‘ .4 x
20- 2-1 7. 4 -300 3.2 x l0~~ 16.3 7 .5 -3 : :’ 6.4 x 10~~20- 1—8 7.4 - S t t) 3 .? x 10 — 1 3 7 .7 — 42 7 .1 x
20-2-13 7. 4 -300 3. 2 x l0~~ 7.5 -3~ 5 8. 1 x

(Shu(’ t 3 o ’ 3)
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Table 4
Cr ruc rn ( - 1it 10( 1 of  AI ’ c .U IL  in 3 1 3  iut.t b1s , ‘,~,‘ ti i’  ~‘t”

t..on.. (‘Il t ,‘ 5 i t  i t ’ ’ ‘

S~r.ip1o £~,O,.* Se p~~ n’Prt ’ r 9/ i, ( ( ~ 5 4 I ~ .~~I(~~~’ ~~~~~~~

D isp ~oca1 S t e

1- l— T 57 .7 ~ 1.7 12.8 i 1.0
5S ./ ~~~1.1

1-2- 1 10.0 • 0.95 10.4 ± 0.83 5

17 .5 * 1.1
1-1-U 73 .3 ‘ 1.5 12 .3 • 0.86

60.8 • 1. 2
1-2-8 14.4 ~ 0.94 19.5 0./8

16.9 t 1.1

2—1-1 9.1 ± 1.1 7.7 0.85
2-2- 1 9 .7 1.0 17 ,7 • 1.1
2- 1-8 17 .6 0.62 33. 7 1.3

13.3 • Li
2- 2-1’ 20.4 k LI 29 .7 1.0

3- 1— 1 18.4 1.3 11.8 1.0
24.5 • 1.2

3- 2-1 . 16 .8 .~ 1.4 14.3 8 .79
— 13 .9 • 0 ./6

3- 1— 0 1-1.1 .t Lu 33 . 6 t 1.2
55. 0 • 1 .1

3-2-B ‘L ’1 • 11.74 4 1.0 1.0
l?.1 ‘ 0 .65

C 
4- 1-1 12 .9 • 0.90 ~~~~~~~ I .?
4— 2—1 1 3 4  0.6 ” 10.3 • 0, 13
4-1-B 12.9 t 0.65 37.0 0. 95

23.9 t 0.8~4-2-8 20.1 0. /0 13. 4 1.1
44.5 ± 0.89

5-1-1 10.0 ‘. 0.80 16 .0 ‘ 1.1
5-2-1 10.5 ~ 0.04 20.5 1.1
5- 1-13 13.1 ± 0.85 8.6 • 0.90
5-2-8 10.8 ± 0.81 27 .0 k 1. 5

6- 1-1 13.8 .‘ 1.0 17.3 • 1.0
6-2- 1 10.7 ± 0.86 11.0 .• 0Y8
6- 1-8 7.4 ± 0.78 2(~.9 •

6-2-B 9.1 t 1.1 14 .3 • 0.86
(Coii tiiiu~ t t )

* tlc’te : Iirst digit of sample number ind icate s st .a~ i:’u 1~sc1ition ,
second dig it inii 1u ’s cast number , and lctter ifl Jp ca t 6s section
of core, top or ~0 t t C ~1 ,

p ** Concentrat ions measured in micrograms per gram 1 standard
deviation .

(Sheet 1 of 3)
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Table 4 (Cont i ti it~d

Cor .c cr ~t , , i tP ~Ito ~ C i I t (  I ) I l & ~,t.’ N ( i_ I it.’~, 197G

[)i’ 3 o ~
.
~iI Si t t ’ (C t it1ti ~d)

7-1-1 11 .6 • 0.8/ 9.4 ~ 0. 75
7-2-1 9.4 0.15 9.6 1.3
7-1- 8 15.5 ± LO 12.9 0 ./7
7-2-8 17.3 t 0.87 13 .4 -~ 0.87

8—1— 1 8.9 0.80 14.6 ± 1.1
8-2-1 104 • 0.18 8.9 • 0. 80
8-1-3 15.2 t 0.34 15.5 + 1.2
8-2-B 9.5 0.81 11.9 t 1.1

9-1-1 13.7 t 0.82 21 .5 ± 0. 1~’
9-2-1 12.8 • 0.9() 9 .2 • 0 . 7 ’
9-1-8 5.9 ± 0.74 32.3 L3

11.1 o 0.ui
9-2-8 15 9 ± 0.95 13.8

10- 1—1 14 .6 i 1.1 21.4 • 1. 4
10-2-1 18.5 t 1.1 . 1? .? 0 ,92

13.4 0.93 15 .8 -l 0.7 1
10-2-8 12.8 ± 1.0 15.9 .‘ 0.87

11,-i-I 13.4 ± ‘3 .0  13.4 •
‘3 1—2- 1 13.0 0.85 9.6 0.9 1
11—1— 8 18.2 • 1.1 17 .6 •

11-2- 8 17.0 i ‘ 3 . 2  
, 

9.2 0.63

12-1—1 8.2 0.74 12.6 ~ 0.82
12-2-1 9.0 ± 0.59 10.2 ± 0.67

1.3 ± 0.62
12-1-B 23.9 ± 0.96 16.8 ~ 0.04
12-2-B 9.4 ± 0.61 ‘30.9 ± 0.82

13-1-1 16.8 ~ 0.67 . 10.2 ± 0.82
13-2-1 11.7 ± 0.76 13.6 ± 0.95
13-1-LI 5.3 ± 0.64 20.5 • 0.82

5.3 ± 0.85
13-2-0 83.7 ± 0.84 ‘31.5 ± 0.81

23.3 ± 0.93

14-1-1 8.7 t 0.87 ‘33.2 0,73
14-2-1 9.1 • 0.91 9.7 - 0.87
14-1-B 19.6 ± 0.88 40.0 ± 1.0
‘34-2-B 34.8 t 1.0 16.1 * 0.81

(Continued)
(Sh5~et 2 of 3)
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Table 4 (Com. i u - t vd )

Conccnt r~ t 1 ’ n
Samp le ~o. 

~~~ 
- 6L ’~ ~.~q’r 1976

~~

15- 1-1 ‘31 .8 • 0.89 ‘37 .0 • 0.90
15-2-B 11.7 0.99 12.8 • 0.77
15- 1-8 20 .5 • 0.9? ~,c, • 0. /3
‘35-2-13 13.1 ± 0.72 13.6 t 1.0

16-1-1 11.5 ~ 0.7 5 - ‘ 3 2 .2  t 0.92
11.0 ±

16—2 -T 11.2 ‘ 0.73 ‘ 3 1 . 6  • 0.81
11.5 ~ 0. ’?

16—1—0 15.9 ± o. C l 14. 4 ±
30.:’ ± 0 .91

16-2-8 13.9 -~ 0 .70 17.4 ± 0.~~1
15.3 0.92

~c . t 6t ’ f t ’r ~’n~ Si t ’
17— 1- 1 9.3 ~ o.~

:; 11 .3
17-2-1 9.1 0 ( 6  9.4 2 ‘6

5 1 /—1 — 0 ~‘ .9 ± 0.6 7 16 . 1 ± O.~ I17-2-B 3.5 ± 0.35 8 ,2 (‘ .66

13—1— 1 11 .4 t 0.80 11.3 ~13.6 • 0. 61
18-2-1 .O • 0. / I  11.0 ± 0. 7

10. 1 •

18— 1—13 (1)i~ 1 3.1 • 0.~~ 9.6 i 0. /2
13.5 ~ 0.61

18— 1-8 (2 ) , 11. 4 •

13—1—8 (3 ) 9 .~.’
18 — 1— 6 (4 )  13.2 .~ 6 ,73
18- 1-B (S) 2. 7 0.19
1 8 —1— 8 (6 ) 11.5
18-2-B 7.7 ± 0.54 - 8.7 ± 0.70

6.3 ± 0.41

Last i’ leference Site
19—1 - 1 17.6 + 1.4 16.3 0.98
19-2-1 17.9 ± 1.3 22.3 1.0
19—1—3 17. 1 ± 1,5 18.9 0.85

‘ ‘39-2-S 15. 7 ± 1.0 16.2 ± 0.53

20-1-1 11 .6 k 0.70 15.0 ± 0.99
1 6.1 ± 1.6

20-2-1 ‘30.3 ± 0.67 25.5 i 0.89
14.0 ± 1.1

20-i-B 12.2 ± 0.92 11.4 ± 0.86
12.5 ± 1.2

20-2-B 14.3 ± 0.79 13.4 ± 0.80
12.6 ± 1.1

~ Sjx aliquots of same sam~1e. (Sheet 3 of 3)
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Ta bit- 5
C’ ’ : c - t r . i~~ 1 I’ , I , i l I~~ ’i 

t ] ]  
~~~~~~~~~~~~

( (~ .~_ I’ 1 I

~~~~ ~I5 ’ I 1  ~‘/ b  L i ~~~~ 1 9 /6

PJ~~~~~~~L~~~
t
~~

1-1- 1 77 ± 1.4 66 ± 1 .7
1-2-1 81 ± 1.6 55 t 0.8
‘3-1 -13 68± 1.4 78 1.2
1-2-B 85 ±1 .7 64±1. 3

2-1-1 63 1.3 ± 1.3
2-2-T 86 ± ‘3.7 78 • 1.2
2-1 -8 ~4 ± 1.0 91 ~ 1. 4
2-2-B 59 ± 0.9 70 ± 1.4

3-1-1 55 •. 0.8 74 ± 1. 1
3-2-1 81 ± 1.6 73 ~ 1 .1
3-1-B $1 ± 1.3 61 ~ 1.2
3-2-B 74 ± 1.5 73 ± 1.8

4— 1—1 82 ± 1.6 7’~ 1 .1
4-2-1 69 $ 1.4 75 ~ 1 .9
4-1-B 46 ± 1.2 61 1.3
4-2-B 74 ± 1.5 ‘/3 ± 1.6

59 ± 0.9 10I 1.6
5-2-1 60 0.9 7 1. 1
5 -1-8 (lii • 0.”
5-2-13 83 ± 1.3 8~ 1.7

6-1-1 64 i 1.0 7’ ~ 1.5
6-2-1 53 ~ 0.9 66 1. 4
6-1-8 59 ~ 0.9 62 1.2
6-2-13 70 ± LI . 53 ± 0.9

7—1-1 84 • 1.3 71 ± 1.1
7-2-1 81 ± 0.8 68 ± 1.4
7-1-8 (6 -± 1.0 64 ± 1.0
7-2-B 61 ± 1.2 62 ± 1.2

6-1-1 59 ± 0.9 69 ± 1.4
8-2-1 64 ± 1.0 65 ~. 1 .
8-i-B 77 ± 1.5 62 -~ 1 .2
8-2-0 67 ± 1.3 67 ± 1.3

9-1-1 83 ± 1.7 . ± 1.0
9-2-1 89 i 1.3 79 ~. 1.6
9-1-8 70 ± 1.4 68 ± 1.0
9-2-B 78 ± 1.6 65 i 1.0

________ 

(Continued ) 
__________

* 1:o~c: rirst dir,it of s~;;~p1e nun~b~~r 1;)( Co~ CS St Lic’ n locition ,
seco nd d i9i t i nd i cates cast number , and letter ii .icatcs section
of core . tnn or bottom .

** Concentrations measured in micrograms per grani 1 st md.~rd
deviation. (Sheet 1 of 3)
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Table 5 (Cont Inued)

Concent,-àt Ion
~~1e Mo. S~~tei’ r ‘3 97 6 L t ~ r 1916

P sposai S i tc (ç~~t tnued)

10-1-1 70 • 1.4 103 ~ 2 ,1
10-2-1 64 ± 1.3 59 ± 1 .2
10-1-8 58 0,9 (~9 1 ,0
10-2-B 64 ± 1.3 76 ± 1,1

11- 1-1 83 ± 1 .3 (9 1, 4
11-2- 1 76 ± 0,8 63 • 1. 6
‘3 1-1—8 67 r ‘1.3 73 1,5
‘31-2-8 11 ± 1.4 60 ±

12-1-1 75 1,5 • 1 ,3
12-2-1 64 ± 1.0 1,6
‘32-1-0 60 t 1,2 (3 ± 1 ,4
12-2- 6 58 ± 1 ,2 65 1 ,0

1 3-1-1 59 ± 0.9 76 • 1 ,5
13-2- 1 63 ± ‘3 .3 ‘3 ,0
1 3-1-Lr 30 ± 0 ,8 ~4 • 1,0
13-2- 6 . 

- 64 ± 1,3 68 t 1,0

14 — 1— 1 71 t 1.1 71 ± 1, 1
14-2- 1 63 ± 0 ,6 77 • 1,~14- 1-6 68 ± 1,0 115 1, 7
14—2— 13 75 ± ‘3 .1 , t.2 ± 1, ?

15-1-1 62 ± 0.6 75 t 1,1
15-2-1 69 • 1.0 59 ± 0,9
15—1-B 56 ± 0,8 69 • 1,0
15-2-B 65 ± 1.0 76 ± 1,1

1 6-1-1 86 ± 1 ,3 66 t 1,0
‘36-2—1 89 ± 1 ,3 76 • 1, 5
16—1—B 71 ± 1 .1 74 • 1,1
16-2-B 67 ± 1,0 71 ± ‘3 ,1

We st Reference Site

17—1- 1 152 ± 1 ,5 117 ± 1,2
17—2-1 269 ± 2.7 108 ‘t 1,1
‘37-1-B 124 ±. 1 ,2 1 31 ± ‘3 ,3
‘37-2-U 69 ± 0.7 ‘115 ± ‘3 ,2

(Continued)
(Sheet 2 of 3)
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T u6lt ’  5 (. ‘t~c 1ud.~d

- 
C e a $ ~ntra t ion 

-

t~c~eu~�~r.J.2lt
~: s t  ~~~~~~~~~~~ ~ s i t ’  (Cor ~~inued )

16- 1-1 110 ‘ 1.1 1O~ • 1.5
1s-?- T 112 • 1 .7 105 1.6
1:~— 1 — 9 ( 1  ) 95 • ‘ 3 .4  1.3
16 -1 - 8 (2 )  109 ± Li
1[’ — 1 - 5 ( 3 )  114 1.7
1 8 — 1 - 6 ( 4 )  13i 1.4
1 8 — 1 — 6 ( 5 )  160 1.6
1 8 - 1— 8(6 )  122 ± 1.2
13-2—B 101 • 1.5 111 4 1. 7

fas t  Rt’~’rt~ic ’ S i t ,~
19 —1 — 1 92 • 1.4 91 • ‘1.4
19-2-1 S~- • 0.0 00. 1.0
1~~- 1-B ~ 0.9 6- ’. i.:~19-?-S 95 t ‘ 3 .4  79 ± 1. ?

20-14 100 ~ 1.5 106 ± 1.6
20 - 2 -1  81 ‘ 1.2 56 • 1.3
20- 1- U 1.3 81 .~ 1.6
20 -2 -2  131 .~ 1.0 13 1.5

t Six aliquots of sanie sample. (Sheet 3 of 3)
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Tab le 6

( o i c i ’ n t ’~ t I S ~~I i ( I I  ,r .-~nr’,e ii. I l l io t t  Pa y  S e h , ’ t S _

- L~t c&’~tr.I(jQn ’ . , -
* 1 ’ I ts& t _’t~~’ & r 6

(~is pos a ’ 3 S i te

1— 1—1 : ‘ . ‘1 • 4 704 72
1-2-I 3? 19? 16
1—1-8 ?5$ ± 43 2:’? • 36
1-2-8 2/6 ± 13 244 ± 40

2-1-1 238 28 231 ± 22
2-2-1 21~ ± 35 26 7 ± 53
2—1-0 313 k 134 327 53
2-2-B 248 ± 15 305 ± 4 1

3-1- 1 238 ± 75 - 267 t 7
3-2-I 2&. ~ 95 /.‘6 10
3-1-0 ‘179 • 19 223 33
3-2-B 289 t 15 216 ± 20

4- 1—1 25~ i 52 33~ • 41
~07 4 95

4-2.1 245 ± 15 260 ± 13
239 -. 16 : u J  t 5?

4-2-0 303 76

5-1-1 265 • 45 ~97 ± ~‘95-2-1 1 9~l • 5 331 •

5- 1-8 261 ± 31 :33 • 28
5-2-B 2 t9  ± 14 383 ± 16

6-1-1 300 t 4? 405 k 74
6-2-1 248 ± 20 :36 ± 17
6— 1— 8 141 -

, 51 4 1  ± 31
6-2-B 216 ± 20 256 ± 21

— 7-1-1 221 98 295 ± 23
7-2-1 27? 69 243 • 21
7-1-8 240 ± 21 2 7 4  ± 35
7-2—B 301 ± 0 280 t 65

8—1-1 241 ± 13 299 ± 37
8-2-1 225 t 39 244 43
8-i-B 20? ± 33 243 • 13
8- 2-6 230 ± 3~ 339 ± 77 5

_____- - ~~___(çp~~~~~~ij
* Note: First di q it o~ sample number in d ic5 ~tt ’~ stat ion locat ion,

second d iq it in d ic ,’t t r ~. cas t number , and letter indicates section
of core , top or hott~~~.

** Concentrations measured in micrograms per g.’am + 95% confidence
intervals.

(Sheet 1 of 3)
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lablt’ 6 (Cent ltit ie d ) -

- -  . - ConccntritlnLL. ... -

~‘s$ ’~ It I ’I IILIf r 1 ‘i ,’t

1)i i .’~ ! I 
~~

‘ (C. ’iti iiucd).

9- 1-I 201 4 44 314 • 120
9-2- 1 c’:~/ 38 254 • 28
9— 1 —1~ 2.43 2 1 161 1 78
9- 2- B 255 • 12 ‘308 30 5

10-1-1 275 ‘ 41 356 • 51
10—2—1 269 1 56 2 (’ i 14
10— 1—8 214 44 ± 26
10-2-B 2 19 44 799 .‘ 50

11—1—1 330 • 51 3 14 i 36
1 1 - 2 - I  ?;‘ .~ 19 213 • 46
1 1 — i — f l  21~ 60 !5~’ 4 110
li —2- 0 400 1 33 / tsU j  2?

12-1-1 1~ 4 20 ~4 ’ 3 i 34
1? -- ? — 1 736 • 100 236 * 1 /
12.1 —II 730 f 31 • 26
12—2—8 21t. i 63 1:

?6~)

1 3—1 — ! 1// t 11 • 31
1 3 — 2 — I  258 33 2 69 • 19
1 3—1 —8 371 • 49 226 ‘ 16
13-2-B 1 67 ± 41 323 4 ‘In

14— 1- 1 749 42 234 • / 1
14-2-1 21/ 1 13 263 i 23
14- 1-B 225 31 186 4 62
14-2-B 1 60 ± 25 --
15-1-1 229 ± 18 76 1 19
15-2- 1 219 • 73 ~~ $ 17

.15- 1-8 183 -t 1/ 296 4 30

15-2-13 223 ± 15 268 -t 23

16-1-1 242 43 293 81
16-2-T 261 4 54 253 t 20
1 6-1-8 171 ‘ 6 --
16-2-8 269 i 37 233 ± 30

Wr s t  Re f i’rr,ice S I I e

17-i-I 19 0 77 236 • 14
17-2 -1 234 S 47 7 ’ ?  i 20
17- 1— 8 222 1 52 ;‘si • 92
17-2-B 252 ± 92 193 t 70

(Continued) (Sheet 2 of .~)
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16— I—I •‘14 s • ‘ :C 44 7  i

10— .’ 1 2 ~~‘ 3.’ :‘ 4 t ~ ‘

10 1 -I ’ t~l )
4 211 50 231 l 4(1

2,1
$21 10

(
~ 

) • 11
( i,)  .‘

.
,,

l *

((s ) ~‘4 ~ $ I,’)

10 0-8 ,‘31 * 110 218 ‘ 2

I i ’ . I I~.’ C •‘i .’!l, ~~ “ C

I — 1 — 1 ‘
~~ 

4 5
5
.

s ‘
~ ‘1 •

1’)— .’ 1 .‘.‘4 1.’ * .‘1
1 1. 1 . 11 .‘ ‘ . 18 —

1 ’) 2 0 .10 lOP $51 t

.0 .I— ) ,‘4I • OS 261 •
2 - 1 ‘3 ‘ • 4’~ .‘I ~~ * ~

‘

. 0 - 1 . 6  l’~6 t 12 157 t -!

I! .‘ .o i ~~
‘. 161 ‘ 11’
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7 . .

1.thli’ /
r .t I. C o i l  of Mere UI V 10 1. i i i  i~t t 14- t v  ~‘~~t 1 i~~~l l  I

Cünl t ’ f l t r~t t  ion~k
S i i  1 5.1 * C’ t t  I 1’~ U OL( € I I4 ’)L I ~ 9 ~~~

1-1-1 0.wl 0,19
1-2-1 0.04 ‘3. 2
1-1-B 1.1 0,32
1-2-8 0.06 1.5

2-1-1 0.16 0,?3
2-2- 1 0.18 0,2/
2-i- fl 0.21 1, 2
2-2-8 1.3

3- 1-1 0.22 ’ 0. ??
3 -2 - 1  0. 25 0,23
3-1-8 0.13 2 ,3
3-2-8 0.13 4,2

4-i-I 
- 

0. 15 0.27
4 — : - T  0.06 0, 33
4 -1 - 0  0.46 3,6

j 4-2-B 1.1 2,0

5- i—I 0. 25 0.??
5- 2-1 0.19 ‘ 0. 31
5- 1-8 0.30 0. 13
5-2-8 0.26 0,52

6-1-1 0.11 0,66
6-2-1 0.03 0.15
6-1-B 0.03 0,40
6-2-LI 0,03 0,16

7-1-1 0.42 0.16
7-2-1 0.09 0,16
7-1-8 0.07 0,12
7-2-8 0.06 0,22

(Continued ) 
—

* ~ki to :  f I rs C. d i ;  i t Of 5.1111 1)1 C 001110cr ind icates s t .it i Ole 1 oca t I on
second diqi C. i~ d lc.fl I~ cast  number , and letter indIc~tt es soction
of core , top or bottom .

** Concentr ations meas ured in micrograms per gram ± :— o. ; a - l i l lytical
error. (Sheet 1 cf 3)
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Table 7 ( (011 1 inued )

Concentration
~~m~ple No. !~ept~’mh’r 4 9 / s  ~De. ccn~jjfl~~~

flIc~scisa1 c j  to (C o l l t l nu e d )

8-1-1 0.19 0.26
8-2-1 0.15 0.22
8- 1-8 0.08 0.71
8-2-B 0.05 0.29

9-1-1 0.05 0.3’
9-2-1 001 0.24
9- 1-B 0.08 0.59
9-2-B 0.06

10-1-1 0.05 0. 44
10-2-1 0.14 0. 12
10-1-8 0.03 0.32
‘10-2-8 0.03 0.37

11-1-T 0.05 0.76
11-2-1 0.12
‘11-1-8 0.03 0.41
11-2-6 0.0/ 0.23

12-1-1 0.06
12-2- 1 0.04
‘12-1- 8 0.15 0.15
12-2-B . 0.13 0.08

13- i-I 0.18 0,25
13-2-1 0.06 0,12
13-1-8 0.02 0.28
‘33-2-8 0.25 0.33

14-1-I 0.04 0.21
14-2-T 0.08 0.65
‘34-1-8 0.12 0.51
14-2-B 0.16 1.3

15-1-I 
. 

0.04 0.20
15-2-I 0.04 0.33
15-1-8 0.08 0.39
15-2-6 0.06 0.16

(ConUnucd )
(Shect 2 of 3)
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Table 7 (Concluded )

- Coi ,centr~ .ion
Sample Uo. September 1976 1!ece~ber 197 6

Dfl,ppsai_Sitcjçontinued)

16-1-1 0.04 0.42
16-2-I 0.05 0.26
161 8 0.12 0.33
‘36-2-B 0.07 0.42

West Reference Site

• ‘37-1-1 008 0.32
- . 17-2-1 0.06 0.29

17-1-8 0O7 0.40
17-2-B 0.07 0.43

18-1-1 0.09 0.22
18-2—1 - .0.13 0.29
18_1_B (I)t 0.09 0.25
18-1-8(2) 0.so
18-1-8(3 ) 0.42
18-1-0 (4 - 0 .52
184-8(5 1.2

P 18-1-8(6 - 0.5 6
18-2-B 0.07 0.31

Fast Reference Site
19-1—1 0.42 1.1
19-2-1 0.53
‘39-1—fl 0.54 1.2
19-2-B 0.41 1.8

20-1-1 0.38 1.2
20-2-1 0.22 1.6
20-1-B 0.53 4.0
20-2-B 0.35 1.6

~ Six aliquots of the same sample. (Sheet 3 of 3) 
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Tab le 9
c c  entr  I on I n I n t e r s t i t i ’ a1 t-!a 4’~ r -

f ro:n E l l i o t t  Bay Sedi cnt , S e pteither i9’/~

Co •;: ei,tration**

1-1-1 34 ± 6 ,5
1-2-1 (‘3 ± 6.1
1-1-B ‘ :3 ± 5.4
1-2-b s- -’. ± 6.~5

2-1-1
2-2-1 54 ± 5~9
2-1-B 42 ± 5,9
2-2-B ± 5.2

3-1—1 60 ± 5,7
3-2—1 ‘ 26 ! 6~2
3—1—B 95 ± 7 ,6
3-2-B 47 ± 5.9

4-1-1 
‘ 

•“l ± 6 ,2
4-2—1 - ,‘? ± 5 .6
4-1—8 49 i 5 ,9
4-2-E~ 

‘ 3 4 ±  5.3

5-1-1 37 ± 4 ,6
5-2-1 ‘ ‘ 49 ± 4 ,9
5- 1-8 37 ± 4.6
5-2-B 

‘ 

34 ± ,5~3

6-1-1 73±11, 7
6-2-1 ‘179 ± 32 ,2
6-1-B 163 ± 30. 2
6-2-0

7-1-1 62 ± 2,8
7-2-1 • 40 ± 6,0
7-1-B 61 ± 6 , 1
7-2-B - 70 ± 6.3

(Continued ) 
-~~~~~~~~~~ __________________

* Note : First digit of sample number indicates stat~osi location ,
second digit indicates cast number , a nd let te r I ~dicates section
of core, top or bottom,

** Concentrations in micrograms per litre + 1 standard deviation ,

(Sheet 1 of 3) 
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Tab le 9 (Continued )

Concentration
D~~p~sa1 Si to (Continued

8- 1-T 22 ± 9. 1
8- 2-1 132 ± 31.7
8—1-B l~~ ± 25.9
8-2-B 106 ± 29 .7

9-1-1 37 ~ 9.8
9-2-1 13 ~ 1.3
9-1-i~ 32 ± 8.6
9-:-~ -1~ 132 ± 2a, 2

10-1- 1 8 ± 0.8
1 0 - 2 - 1  14 ± 3.4

7 ± 0 7
‘ 10-2-B 2~ ± 5.3

11-1-1 28 ± 5.3
11-2- 1 28 t 5.5
11-1-0 50 ± 6.0
11-2 -8 ‘~3 ~ 6.0

35 ± 5.4
12-2-1 42 ± 6.9

:~“ ~
, 5.9

12-2-0 20 ± 5.4

13-1- 1 46 ± 5.8
13-2-1  24 ± 5.3

11 ± 4.8
13-2-0 25 4 4 .5

14-1-1 41 ± 5.3
‘14-2- 1 40 ± 5 .6I: 14-1- lI 31 ± 3J
14-2- Is 36 ± 4.5

‘15-1-1 38 ± 4.4
15-2— 1
15-1-B
15-2-0 61 ± 5.2

‘1 6—1—1’ 40 ± 4.8
16-2-1 40 ± 5.0
16-1-B ‘ 40 ± 5.0
16- 2-0 ‘1 i 5.0

I
~~ (Continued )

(S heet 2 of 3)
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Table 9 (Conc luded )

S 5 p lo Nq. rc nc ( ‘ l i t C i t  I nfl

~I~’ St E~I’f(~~’(’flct’ S I t e

17-1-1 
‘ 

67 4.8

17- 1- f l  56 ~ ‘3.0

10-1-I 46 4. 8
1~t - .‘— T I,)( $ 5~3
18— 1—L I 4~ .‘ 4 .6
18-2— fl (.0 i 4 .5

ract ~ I~’ f ’l’t” Ii’c S i t e

‘19-1-1 76 4 .9
C 19-2- 1

19- 1 - f l  56 ‘ 5.0
19-2- B ~

,() $ 4 ,~

59 ~ 4 . /
?O ~—T (10 $ 4.8:‘o 1 - s $ 4 . 1

• ? U - 2 - U  ~‘3 ~

(~‘lies’t ,4 sf ’ : 4 )

- 
L. ~
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Table 10
Manganese Concent r1 tion in Inte rst i t ia l  tJat er f rotn [1l iott Ba~ Sed ime nts

Coi cer itr a 1. ~OC S ~ *

S.’~ip]e ~~~ f~ 7 i 1 ~~” D~~~ ber ’191

1-1-1 3.8 ± ‘1.3 , 3.0 ± 1.6
1-2—1 1.3 ± 1.5 4.0 ± 1.3

L8 ± 1.7

‘1-1-8 1.8 ± 1.0 3,1 ± 0.1
1-2-B 8.3 ± 3.0 3.8 ± 1.3

2-1-1 2.5 -~- 0.3
2-2-T 5.4 ± 1.9 3.1 ± 0.9
2-1-B 9 .5  ± 2.4 4.6 ± 1.8
2-2-B 2.7 ± 1,3  2.8 i 1.0

3-1-1 4.5 ± 1.0 7.1 ± 2.7
3- 2-T 6.4 ± 2.4
3- 1-0 2.5 ± 1.0 0.33± 0.62
3— 2—B 4.4 ± 2.2 1.1 ± 0.3

4- 1-T 9.6 ± 8.2 2.6 ± 0. 8
4—2—T 3.9 ~ 3,0 4.8 1.6
4- 1-LI 3.6 1.8 1 .4 ± 1.0
4-2-8 7,9 ± 3.5 5.2 ± 1.7

- 

3.4 ± ‘5 .3 3.9 i 1.1
5,.2 .T 2 0  ± 1.2 3.0 ± 1. 4
5-1-B 4.0 ± L3 4 .4 1, 4
5-2-B 6.3 ± 1.3 3.0 ± 1.8

6- 1-1 ‘ 2 .3 ± 0.7 15.6 ± 6J
6-2-1 - 2.7 ± 1 .2
6- 1—B 3.8 ± 2 ,0 ‘ 2 ,7 ± 1.1
6-2-B 2.6 ± 1.5 0.78~ 0.60

7— 1— 1 6. 0 ± 1.7 2.5 ± 1.0
7-2—1 5.0 ± 4.3 ‘1.3 0.5
7—1-B 3.7 ± 0.9 59 ± 2.2
7-2-B 3.1 ± ‘1.8 6.3 i 3.0

8-1—1 3.9 ± 1.3 1.9 t 1.2
8-2-1 2.1 ± ‘1.3 2.6 i 1.5
8-1—B 7.3 ± 3.4 4 .7 • 1.2
8-2— 6 2.1 ± 0.9 3.7 ± 1.5

9-1-1 5.2 ± 3.0
9—2-1 4.3 ± 1.3 1.4 ± 0.9
9-1-B 5.0 ± ‘1.8
9-2-8 6.1 ± 2.3 2.1 ± 0.4

(Continued)

* Note: First diçiit of sampl e nuriber indicates st~’ t ion location ,
-
~~ second digit indicates cast number, and letter indicate s sec tion

of core , top or bottom.
** Concentrations measured 4n mil ligrams per litre ± 95% confidence

limits.
(Sheet 1 of 3)
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Table 10 (Continued)

Concentrat ioni
Sai~ple Un Sn~ t tt I3 bet ’l9/ ‘

~~~~~~~ 

— ‘ 0~ce~beflqg
t~~ ,oia1 Si t e (C0flt inuc’d)

‘1 0-1-1 3.5 i 1.3 3.7 ± ‘1.4

‘1 0-2-T 5.4 1.9 4.9 ± 1.6
10-1-B 3.0 ± 1 .5  3.0 0.8

C 
- ‘10-2-B 3.6 ± 1.7 4.1 ± 1.1

11-1-1 7 7  ± 2.2 3.6 i 1.6
11- 2-T 2.8 0.9 2.7 ± 1.3
11—1—B 3.7 ‘5 .1
‘11—2-B 3.0 -i 1 .7  7.7 ± 4.6

12-1-1 3.1 ‘5.3 6.8 ± 2.6
12-2—1 2.2 ± 0.7 2 .6 • 0 9
12. 1 .11 6.3 ± 2.3 6.1  2.0
12-2-B 8.7 ± 2.5 9.0 5~0

- 

13-1-1 2.2 ± 1.3 9,9 4.0
13-2-1 1.2 ± 0.7 3.2 0.7
1 3-1-8 1 . 2  ± 0.6 4 . 7  1.4
13-2-8 0.36± 0.0~ 6 , 1  ‘ 2.9

14—1-1 2.9 ± 0.5 1.? I 0.4
14-2-1 5.2 ± ‘1.8 4A Li
14-1-B 3.5 i 3.1 ‘ 0.41 ’  0.15
14-2-8 1.6 ± 1.3 0.8-2± (1.65

15-1-1’ 2.0 ± 1.1 1.7 ± 0.7
‘15-2-1 5.7 ± 1,7 8,2 ± 2 .8
15-1-B 1. 3 ± 1.2 6.8. ± 2.9
15-2- B 3.5 ± 1.5 9.2 ~ 3.0

16 — 1—1 ’ 1.8 ± 0. 6 4.2  t 1.0
‘16-2-1 2.1 ± 0.9 2.1 (LB
16-1-8 3.3 ± 0.8 4.6 ± 1.3
16-2-B 2.2 ± 1.1 1.6 ± 0.8

West Reference Site

17-1—1 0.29 ± 0.13 0.37 ~ 0.17

‘17-2-1 0.37 ± 0.21 0.37 -‘ 0.10
17-1 -B  0.33 ± 0.13  0. 071 1 0.050
‘17-2-B 0.46 ± 0. 14 0.20 0. 11

(Continued)
(Sheet 2 of 3)
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Table 10 (Concluded)

Concentration
Saqpj,e No . 4~Tj±7,~, 

()ecein ber 1976

t’~ ct Rt.fe rence S~~e (çont inued )

18-1-1 2.0 + 1.1
18- 2-1 0.38 i 0.18 0.75 i 0.12
18-1— 8 0.3? -t 0.15 0. 39 ÷ 0. 12
‘1 8-2-B (L28 4 0.15 0.20 ± 0.13

East Refert ’nce Site

19-1-1 0.30 ! 0 .11 0.32 ± 0.19
19-2-T 0.41 ‘- 0.18 0.50 0.13
19-1-C 0.10 t 0 .02 0 ,4 1 ‘ 0 . 5 3
19-2-Is 0. 16 ± 0.08 0.16 ± 0.04

20-1-1 0.21 ± 0.03 0.89 -~ 0.7 0
20-2—1 0.’:6 ± 0,16 0.48 ~ 0.10
20-1-B 0.16 ~ 0.03 0.33 - 0.15
2p-2-B 0.092± 0.03 0.2 7 ~ 0.06

. -‘ ‘-- - -

(SIn’et 3 •‘f 3)
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N , l t l I t -nt  Cencent” ,$ t l~ ’ $ t ’ . (Ii IIl(t ’ ( ’ %t t t  i•~1 4%’, ltI ’r t I~~’I~I I I I  l~~’t I 5.l~ S t ’ d t ~ I’ , ’ I I t \

1 1 / 4  
- ‘ h , t ’ t ’ ,i

h 4 ,  \ i I i  ,i 1~ ’ ~~ Ui 1,1 I’h~~’ 4 ’ IIi I~ ’ ~.i 1 i~ •~t~’ 
- 

~~Jfll l$t)fl 1 j

S~~~~j~ 1 ’  ~~~~ l ’ J  ‘ I  4 ’  m i / I  “~ - 
ri~~ - I - I l  i’~ ,’1 I’ 

— 
n’~’/ 1— S i flH~( 1 — N

hi ‘~ ‘~~‘ ,i 1 Si

1 — 1 — I  l.. -~ ,4 , I ’ l  4,S/ 0, 1’~ 1 .t’3 6 .OS
1— .’ 1 0 ( ~ .‘ .‘~~~ 1.:~1 ‘~

‘4 . ( [ 1  1./3
1—1 - S ~~~ ‘ . ‘ ‘l  4 . ’~” 0..~. 1.54 $.t’ l
1 •

‘ —
~~ 

0 _ l ,  1 .01 2 . 50 13. 5
1 . 5 3  7. ’~02- .‘—i 0. ~~~ 

C C C  
1 . 10 0 , , - _

~ 4 . 21  3 1. 1
‘ — 1 — ? ’  1.11 . ’ 2.~ t; 3 ,0•~ 0J’~ 1. 21  10J

2 - 2 — I ;  O.1 ’~ 1 .’~0 1.41 0,4,’ ~i,(,/ 2 .1 1
.4 —1 - ~~~~ ~‘,0) 

(1.3 1
3 ‘— 1 1 .‘‘t’ 2 01.5
3 1 — 1 4  0. ,‘ -

~ 
.~ . ‘ ‘~~ 0 ,/5  (1,’, • 1 . 1$ 3,~~t )

0.4 4 . , k ) 1’ ~~~~~~~~

4 — 1 -1 U., [1 .‘ , 1 - ~ ~~~~~ 4 4 , 4 , ’ 1, 1-1  ( ‘ U
4 - 2 — 1  0.!.’ :‘.10 0. ”l 0.11 ,‘ .~~~~ ~~4
4~— 1—14 0, 1 .i .‘ , t ~’ ,’ ( 1. 1” 0.1~ • 1 ,~~~ ‘) 11 .11

1.4” 2 . ’’ .’ lU . ”
5— 1 — 4  1. ‘

~~; .‘J- ’ 1 , (\‘ 0 ,t ~. 1. t  I
S .‘--l Un’,’ 1. 1,1 1.14 , 0.22 .‘ . -~o 22 ,5
5—I 0.~ 3 ‘ , ‘ ,~ 1. 5 1

44 , _~‘ .4~ ;‘ .~ ;:‘ (l , .~ ~~~~~~~ 
511

(‘‘- ‘5— 1 1 .‘~ ‘) 2. 5 4 , 9.’ 4,1 ,, - ‘ L ’ 7  ~, fl
.1 O./ .~ ~~~~~ 4 ,4~

4’ •1 I~ 0. - ‘~ .‘ - ‘‘~4 -~ , ‘1

0.v’ 1 , , i ,i fs , 95

7 — 1 — 1  0. 3(. 2 .0.’ 11. 1 0 ’ . - ’ 2 .  3~1 9 .25
7 — 2 - 1  0.20 ~ .; ‘ i~ ;‘.~.a o. .’~ ,

~~
,

1—1 ‘l  ( ‘ .1 3 , ’,- ’) ,~t’ ,5 O, (
~’ 1.23 7./t I

7— .’- 0 3,4 .0 26.4 2.4 0
8— 1—1 0. .~ 

.1 .00 1.05 0 (‘k . 1 .( ‘O 5. ?~1.1, ’ .1 ,01 5,10 ~~~~~ ,i . .’ ’~ 5,~,28 —1 —11 0. i t)  L ‘.0 5,4 ’)  0. 1. 5~ ~
) . i O

8— 2— 0 0.65 ~~~ 5.3~ 0..~ ‘.4.’ 11.5
9— 1 —1 2.0 1 5.05 5 - t h

0,10 4,46 3 , 13 0, h) 1.37 14 .46
9- 1-0 0.11 ~~~ 4 .2/
9- 2— fl  0. /7 4 ,4 ’ S S.t~7 0.4 2.06 4 .~ 3
10-1-I 0.20 2,50 3.’~5 0.03 2.21k 34,’
1 0—2—1 1.410 (‘.17 2/ .4
10-1-11 1.36 4 . 5 6  9. 65

F 4 10-2.8 3.45 4.41 11.1
(I.o,it Inued)

‘ t~~ te~: rI~’’.t d i t i ’it of ,,aI-ple nu’1410r 1I l t I1I C$ tt ~ ~~~ ~~‘U (i ~t ’ ’ ’5 ’ ’, \(‘~ ~Cf l , j  d5 ~ lt
- t , I ndica 4 ‘~ .~ct fl~ f li5 i~~’ , .4111,1 1 et tt’r I nd at ec S( ’ ,’ t i i ’ i ,  of ~ ‘, I ‘~ or bottom.

- L ~A
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Tab le 11 ( L 114 1 udt ’d
- -  

~ t ’ i t t ~~!- ”~ 1016 - 

t i , ,  ~~: - ~~~~‘~~‘ 10/6
l’iii ~’, ‘ h I t , ’  Si  I i •i t ‘ ,‘ - ‘,~~i i  i I’ I I  ~‘, I ’~ 4 ’ , 5 I  I li ‘1 ‘~ API ! 14 ’, 41 Ci

S~iii~p lt’ No . 
- 

ii ~
-, j / l  —

~~
‘ 

- 
411 4 / 1  —S i  i i i ’ / 1  —N r ,~,’ I —4 ’ r’q ’l — S i  tn~f l— N

Pi sI’~~
,11 S it ~~ ( ‘ o C

~~
inui

~~1

11- 1-1 0. 76 1.23 0.U~ 1.16 24.1
11-2- 1 0. 1/ 1.6/
11 — 1 — 11 0,61 1.51
11-2-B 0.69 4.45 0.11 1.23 9.80

12-1-1 0.63 1.53 1.82
12-2-I 0,113 1.37 1.84 0.0’ 4.23 5.83
12-1-0 0.70 1.68 0. 17 0. 11 0. 11) 3.00
12-7- 0 1.47 1.59 1.97 0.0. 1.03 3.13

13-1-1’ 0.35 1.7? 0.54 0,09 (1.05 2,71
0.73 1. 4 7 0.28 0.0 ’ 0. 1? 11.7

‘ 1 3 — 1 — B  0.2~ 1.13 0. :~ 0.05 1.45 7 , !’?
13-2-0 0.16 1.34 0. 18 0. 13 1.6 1 10.7
14-1-1’ 1.75 1.63 O.?4 0.13 1.46 3. 75
‘54 — 2 -1 0.2/ 1.21 0.2 1 0,02 0.87 3, J0
1 4 — 1 - 0  0 .46 ‘1.7-1 0.49 0.03 1,74 2 ,t ’a
14- 2-11 0,11 1.62 0.66 0.05 1.86 5. ”0
15-1-1 0.49 1.50 0. 19 0.0~ L i i  8 6 0
15-2-1 0.3 1 1.57 0.29 0. 13 1.3 1 87.0
l5-1~ B 0.4 1 1.31) 1.35 0 .0? 0.V-1 8. ’~6
15-2-B 0,62 1.48 1.03 0.10 1. 25  13. 1
16-1-1 ~~~ 0.80 5.73 - 0.10 0,54’ 5.37
16-2- 1 0,25 1.17 0.52 0.l~ 3.63 8 ,8 .’
16—1— 9 (4.16 1.?~’ 0.96 0.P-’ 1.76 6 .6 7
16—2- 11 ~~~ 1.30 1.03 0 .0’  0.7 1 0.72

W~
, t R~’ft ’ri ’n~e S i t  -~

17-1-1 0.0~3 LOS 0.30 0. 0 - ’ 2. 21 5. 11
17-2-1 0.08 1.36 0.57 O , 0~ 1.42 4. 10
17 - 1- f l  0.16 0.95 0.79 0 .0.’ 1.83 1. 19
‘17-2-8 0.10 1.10 0.80 0.0~. 2 .14 2.69
13-1-1 0.?~’ 3.88 10.7
18-2-T 0.05 0.65 0.22
18-1-1; 0.05 0.92 0.6 1
18-2-11 0.07 1.74 0.35 0.0~ 3.09 4.51

Las t R~’ ft ’rt ’nct’ S i t ”

19-1-1 0 0 3  0.86 0.14 0.10 3.00 6.66
19-2- i  O.0~ 2.74 6 .22
19-1-14 0.05 1.02 0.80 0.1’ 2.76 4.17
19-2-14 0.09 1.21 0.53 0.fl~ 2.74 3.03

20-1-1 0.05 1.07 0.16 0.~~ 2 .66 6. 18
20-2-1’ 0.03 0.90 0.28 0,t~ 3. 74 6.7 5
20-1-fl 0.04 1.07 0.25 0.1’ 2. 25 9.85
20-2-B 0.84 1.30 1.33 0.~4 2.42 3.98

— — -~~~~~- - -~~ ‘ --
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