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ABSTRACT

The partitioning of Pb-210, Po-210, and Th-234 between the

dissolved  �.4�! and solid phases in the water column of San

Francisco Bay is presented. Profiles of Pb-210, Tn-234, and Cs-137

',n sediments are also presented. These data were used to determine

i;now'ledge o the geo hem cal behav',or o  these i sotooes in es.uarine

environments.

'; untame ,ate co stant for the scavengir,g of ;n-234 fr or,",

s''.u:,o i onto pectic',es zf 1.5=0.6 Cay - is caIcu;ates from the

eve  '--   i ssol vec:.-~ 3'. cc<ivi  y > .  ~ � ~ Ol dp" / l > rio i s pr ocu o

rate :y the oecav oi U-238. It ',s un ~ear whether tnis removal is

due .o reversiible or irreversible adsorptior,. Res~dence tim>es of

suspended particles in surface waters ranging, rom 1 to 21 days are

calculated from the;�ass balance of Th-234 in the water column and

average 6.8=4.5 davs  or the South Bay and 11=10 days, or San =ab o

Bay, If the inpu. o excess Th-234 bi . esuspensio'i 0  bottom

sediments is included, particle res~dence times of 3.5='2.2 days for

the South Bay and 5='3 days for San Pablo Bay are calculated. t'ater

colum; sar�ples; rom near the bottorr, yield longer r si dence times,

which probablv re lect near bottom t, ansport of particles rom

shallow to deep regions. Resuspension rates of 1.1='l.4 gm/cm'yr

deep areas o South av, 0. 7-1,9 for shal'ow ar eas o Sou h Bay,

0.7= .0 for the deep a-eas of San Paulo Bay are ca'.culated from

 
 or

 

and
I
I
 

he

s flCo,ipaoistri..' on of h-234 ir, tr,e water column an: se",.-.: nt.

resioence times and resuspension rates of suspended sediment

par icles, sediment accuriulation and mixing ra.es. and to fur.her the



of these rates to accumulation rates-suggest sediments are

, esuspended at least 2 to 5 ines before final burial in the deep

areas of South Bay.

Surface sediment mixing rate constants ca',culated from Th-234

sediment activities range from 1 to 10 x 10 cm /sec at deep

s.ations o the South Bay. The shallow reaches yield rate cons. ants

o less than ' x 10 ' cm /sec. Live po1ychaetes, observed .o 60 cm

;-:; c:res fr om .Pie deep area, may be respons-',ble for much of the

sed-: rient rewo~~', ng. In San Pabl o Bay sediment s, wher e I i ve benthi c

macro auna were not obser ved, Th-23a inoicates little or no sediment

in-.egra-.eo excess T!- ~ ', ac:" vi.ies I seoi fTier,ts at the

s'at;ons of the Sou-.h Bay have a 2 to 18-fold gr eater activity than

bv -ne cecav o i.'-2 ': tne ~ 'v no water

",'s s.gges.s that these areas a=cu;ulate Th-23' and sediments fror,

c ' ccent s Qa a- eas

inverse rela ionship betweeen dissolved and susper,ded

particle Po-210 activities suggests an irreversible scavenging of

Po- '0 from so'utiion. Pb-2" 0, however, shows an opposite trend,

which is modelled as an equilibrium par titioning. Over all

5distribution coei ficients of 1.3-.1 x 10 cm "/gm for high salinit. ies

 
0 /.a! and 2.8='.3 x 10 for low salinities  �8 /. ~ ! are

calculated and are used for determir ing suspended oarticle excess

activities from tota'i  un' iltered! wa-.er sar ples. A seasonal

variation in excess Pb-210 ac.ivity on suspended particles rangin

'rom l.g dpm/gm du<ing low fresh water inflows and 3.8 dpm/gm during

high 1 ows i 5 Qbsel ve,:Ii e evated a i vi i es du, 'ng h c i f I ows



measured during high fresh water inflows probab'Iy reflect the

atmospheric source of excess Pb-210. Suspended particle activity

ratios are generailv higher .han to.al samples indIcating a

pr e rent I a'i r emoval of Po-210 over Pb-2'0 r om solution.

Excess Pb-210 in the sediments of the deep areas of South and

Sari Pablo Bays ex =nds much farther down core  up to 130 cm! than in

the sha'!low reaches �0 to 20 cm!. Upper l~m~ts of recent sediment

acc m.'etio; rates are e<t',.-.ated ro-, �.he integratec excess Pb-2! 0 '.r,

sedimen. column and the excess Pb-210 ac:ivitv oi suspended

="o" D.C". -- " '0 r i---v~ ir -I'> sno ls and

C.!3 to 0.53 gm,rc,. yr in the deep areas of the South Bay., Rates in

Sari Pabio Bay r an=e ro�, 0.06 .o 0.;1 gm/cm yr in the shoals and 0,9

to 1.0 gmfcm'yr ir, the deeper areas. However, numerical modelling of

Pb-2.'C profiles using mixing and resuspension rates derived from

Th-234 data shows .hat the combination of deposition, resuspension,

and mixing can produce proi i les observed i ri the shal 1 ov,

the deep areas mode'I ling shows that some net depositi on

areas. In

is required.
I
!

I

the sedimen colu.,n can be r;:aintained without net deposition and that

the accumulation rates based or, a Pb-2'10 mass ba'iance are upper

These r esults in" cate that an influx of nevi sedimient particles to

limits.

An a.mospheric Pb-210 fIux of 0. 15 dpm,'cm yr for the San

Francisco Bay area was measured with artificial collectors. This

31

I are similar to those measured in river water above

i the estuary. Po-210 and Pb-210 activity ratios in

' samples range fr om 0.6+.1 to 1.2+.1 in both bays.

the null zone o;

total water !

!
The 1ower values



Bay-wince sed;meni. and Pb-210 budgets suggest that thepre ic s.

measured f;ux is more real istic tnari the r odel predicted i liux.

ih= depth oi Cs-137 act'.v'.ty in sediments and their integrated

ac.'vities show geographic variability similar to that observed for

n e pene.r at; on of Cs � l 37:o egua l or' g eater depths

trar excess Pb-210 .:s observed in cores with abundant active

ria v:=' .ne pe su, ". 0 i i r, 1 cat 1 0'i aiic 7o ~

d;,fusion ou � o the bu-ro::s. Cs-137 activity pro iles shou:

oi s nct;axima that can be cor~ela e w .h ter,.porali var iations

';: out del i very .. hei r abser ce: s pr obabl v due .o sedi le It mi xi rig

and the temporal input of Cs- 37 bearing particles from .he drainage

in;ento y o, Cs-137 n the Sou.h Bay ";s 50",.- of .he amou..tbas; n.

San Pablo Bay, the inventory is twices ppIied b" direc. fa,',out. In

tne amount delivered by fallout. In the Central Bay, the inventory

to the activity delivered by direct, fallout, Since ais equal

.ne bav
i

tre 1

s'gni fi can ~ fractio. cf the fa'il out Cs-137 ',s; lusned out o

in tne dissol ve=- phase, a large',nput of Cs-137 derived from

basin is re=uir d to support the observed ac.iv",tes.dra:nace

Bay-uri de Pb-21C inventor ies indi ca.e that dir c. fal 1 out

San
i

55' o, th excess Pb-2'C in South Bay sedim nt,s '-' p p i e s

r ate agrees weil with the rate of 0.12 determined by integrating the

ob-~10 excess in a salt marsh ore. A flux of 0 23 dpm/cm yr was

measurec in the Los Angeles area with collectors. The higher flux in

Los Angeles is probably due to a two fold greater rainfa11 during the

co'lection per iod than in the Bay area. Both fluxes are

s'o;i icantly lower .han Tur ek-'an et, a I 's Il979! global model



Pab',o Bcy and 4C. in the Central Bay. Assuming that the input of

suspended sediment from local rivers and streams  witwi an excess

Pb-210 activity equal to that measured in river water! i s the only

other source o Pb-Z10, 1.0 + .4 x 10 gmyyr of secim ot must be

and fpo.", del.a so rces is required. Tnis input accoun.s for 85;.' of

tr a l Bay

re ar,. a n d de

t..e se ',ment deliver ec by the '.ocal sources. The Cen

x i 0- am/yr of sediment from local srequires C. 8=. 3

"c inputs result in o; rail ac u-,.',ation rc.esr pp ~-ese

2the South bay C.1Q gm/cm yr or muddy areas of'i C ~ � , rr m y p oI

rm rrpm «p - r cap 3 p o Bav "ar11er se= i;..e~Ip c C

ted r;et erosion in the Sou.h Bay based onbudge:s, wn1ch suages

hanges in bathymetry, may be in error because .hey ai,l to accoun.

for recco. sea level r se and cvocal subsidence.

depos',ted ',n the South Bay to maintain the observed Pb-21C activity.

Thi s is . ";.' of the sediment supplied by local streams. For San Pablo

1 ', 0Bay e 2. 2=, x 0 cm!yr 0 sediment from local stpears and ri ve, s




