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FO RE WARD

In April 1972, the San Francisco District of the United States Army Corps
of Engineers initiated a three and one-half year $3 million study to quantify

- . the impact of dredging and dredged material disposal operations on the Sa~
Francisco Bay and Es~uarine environment. The study is generating factual
data, based on field and laboratory studies needed for the Federal, State
and local regulatory agenz~ies ,to evaluate present dredging policies and
alternative disposal methods.

The study is set up to isolate the questions regarding the environmental
impact of dredging operations and to provide answers at the earliest date.
The study is organized to investigate (a) the factors associated with dredging
and the present system of aquatic disposal in the Bay, (b) the condition of
the pollutants (biogeochemical) , (c) alternative disposal methods, and (d)
dredging technology. The study elements are intended first , to iden ti f y
the problems associated with dredging and disposal operations and , second ,
to address the identified problems in terms of miti gation and/or enhance-
ment. The division into separate but inter-related study elements providf-~s
a greater degree of expertise and flexibility in the Study .

This report presen ts the findings of Appendix H, Pollutan t Uptake. The overal l
study will be the basis for preparation of a composite Environmental ImpacL
Statement for Dredging Activities in San Francisco Bay System. A drafL final
report on the entire study is scheduled for completion in December 1975.
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CONVERSION FACTORS

If conversion from the Metric to the British system is necessary, the
fo l lowing factors apply:

LENGTH

1 kilometer (k~)=lO
3 meters=0.621 statute miles=0.540 nautical miles

1 meter (m)=1O centimeters=39.4 inches=3.28 feet=l.09 yards=O.547 fathoms
1 centimeter (cm)~.lO mill imeters (mm )~ 0.394 inches~ l0

4 m icron s (y.)
1 micron (p ) = l O 3 millimeters=0.000394 inches

AREA

1 square centimeter (cm
2)=0. 155 square inches

I square meter (m2)=1O
�
7 square feet

1 square kilometer (km )=0.386 square statute miles~O.292 square nautical miles

VOLUME

1 cubic kilometer (km3)=109 cub ic meters~ lO 15 cub ic centimeters=O .24 cubic
statute miles

1 cubic meter (m3) io6 cubic centimeters=103 liters=35.3 cubic feet~ 264
U.S. gallons=l.308 cubic yards

1 liier=lO~ cubic centimeters=l.06 quarts=0.264 U.S. gallons
1 cubic centimeter (cm3)=O .06l cubic inches

MASS

I metric ton=l06 grams=2 ,205 pounds
1 kilogram (kg)=10 3 grams=2 .205 pounds
1 gr (g) 0.035 ounce

SPEED

1 knot (nautical mile per hour)=l.l5 statute miles per hour=O.51 meter per
second

1 meter per second (m/sec)=2.24 statute miles per hour~ 1.94 knots
1 centimeter per second (cm/sec)=l.97 feet per second

TEMP ERATURE
_________ — 

= °F— 32 °F = l.8(°C) + 32
Conversion Formulas 1.8
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PREFA CE

The heavy metal concentrations found in indigenuous organisms in San Francisco
Bay are known to be higher than organisms of more pristine areas. This is
probably a direct result of the storm runoff, municipal and industrial loadings
of the Bay. The sediments of an estuary are known to be a repository of
contaminants introduced into the system. During dredging and disposal operations
these sediments are resuspended possibly increasing the likelihood of organism
uptake. One of the primary considerations in evaluating such a phenomena is
to know the mode of uptake of contaminants by organisms. The Crystalline
Matrix Study , Appendix F, investigated the desorption of heavy metals from
sediments and influence on ambient water-metal concentrations. The objective
of the Pollutant Uptake Study was to investigate the mode of pollutant uptake
and determine if dredging operations influenced the trace metal composition
of resident species in a project area.

This objective was met via a field study of dredging operations in Mare Island
Strait and a laboratory study . The study was arranged in four sequential
steps. The steps included in the study are (1) the population structures
dynamics and seasonal fluctuation of the most common invertebrate benthic
and intertidal forms before , dur ing , and after dredging operations in Mare
Island Strait , (2) the heavy metal composition of the most abundant invertebrates
in the dredge site collected prior , during and after the dredging operations,
(3) monitoring of mussels (Mytilus edulis) transplanted into the dredged area ,
and (4) a laboratory investigation of direct uptake and accumulation of heavy
metals. Each of these steps are interrelated and were conducted in the outlined
sequence. The study, although focused on the Mare Island Strait area, was
designed as a system for observing fluctuation s in the population structure
and heavy metal composition due to both natural and man-induced environmental
modifications.

During the period of the field study , the two heaviest rainfa1ls of the year
occurred at the same time as the dredging operations. Increases in the heavy
metal body burden of the monitored species occurred during these periods.
However, the trends in accumulation were the same for all the stations,
both juxtaposition to the operation and outside of the project area. If
the resulting accumulations were the result of the dredging operation , gradient
would have been produced with the highest accumulations being in the vicinity
of the most intense dredging activity (Steffen ’s). No such gradient was
apparent. The laboratory investigations showed that uptake was significantly
greater in low salinity water than in high salinity water. It appears that
the rainfall which lowered the salinity level in the water in Mare Island
Strait significantly, and the storm runoff which provided the source of heavy
metals , were probably responsible for organism metal accumulation.

The resul ts of this  study w i l l  be in tegra ted wi th the resul ts of th~ Water
Column Study ,  Appendix C; C r y s t a l l i n e  M a t r i x  Study, Append ix F; and , the
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Pollutant Availability Study, Appendix I; to ascertain the influence of

dredging and disposal operations on the contaminant levels of San Francisco
- Say organisms.
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HEAVY METAL UPTAKE STUDY

ABSTRACT

Dredging operations in Mare Island Strait in northern San

Francisco Bay were examined between September, 1973 and May , 1974 to

determine whether these operations release toxic heavy metals from

the dredged sediments, resulting in elevated concentrations of these

metals in adjacent sediments and invertebrate populations . - -

Concentrations of the metals silver, arsenic , cadmium ,

copper, mercury, nickel , lead , selenium and zinc were monitored

prior to, during and after two dredging periods. t’-letal concentra-

tions were measured in sediments , and the native invertebrates

Macoma baithica, Neanthes succinea, Ampelisca ruilleri, Mytilus

edulis and Ischadium demissum. Mytilus edulis transplanted into

Mare Island Strait from Tomales Bay , a relativeiy undisturbed area

on the California coast, were also monitored. Samples were

collected at stations established immediately adjacent to the dredge

zone, and at stations located outside of the area exposed to dredgiuj~

activity.

Changes in the mean metal concentrations in sediments and

invertebrates during the study period were relatively small ,

considerably less than an order of magnitudc . Mean metal concentra-

tions iii sediments and benthic invertebrates changed by less than a

factor of two and changes in metal levels in M. edulis were no
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greater than a factor of three.

The two dredging periods coincided wi th the two heaviest

rainfalls of the year, and the resultant freshwater runoff caused

significant changes in the salinity and particulate load in Mare

Island Strait. It was, therefore, not possible to determine whether

changes in metal concentrations at stations within the dredge zone

were caused by either dredging or rainfall phenomena. However,

changes in metal levels at stations outside of the dredge zone were

of comparable magnitude and direction to those exposed to dredging

activity.

The data indicate that dredging activity within Mare Island

Strait did not significantly affect the concentrati~n of heavy

metals in adjacent sediments and in local invertebrate populations.

Monitoring of lead concentrations in suspended particulates

and in centrifuged water samples obtained in the vicinity of the

dredge area before, during and after the operations , showed a signif-

icant increase in lead concentrations in uncentrifuged water samples

and in the suspended particulates during the first dredging period .

Comparable changes were not observed during the second dredging

period , suggesting that the observed changes resulted from surface

runoff.

Uptak e and accumulat ion of the chloride sa lt ~: of s i lver ,

cadmium , copper , lead , and mer cury by the clam Macoma balthica,

were examined in a 1 aboratory study. txposure to three concentrat ions
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of these metal s under three s a l i n i t y  regimes , demonstra ted uptake

above pre-exposure levels and that lower saliriities were assoc-

iated with higher levels of accumulation .
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I NTRO DU CT ION

Maintenance dred ging of Mare Is land Strait , V a l l e j o ,

Cal i forn ia , in northern San Francisco Bay , has been undertaken twice

annual ly  by the U . S .  Army Corp s of Engineers for many years . The

Strait , approximately 3 k i lometers  in length , is bordered on the west

shore by the Mare I s land  Naval Shipyard and by the ci ty of V a l l e j o

on the east shore. Mare Island Strait (MIS) receives water from the

Napa River and tidal action introduces water from Carquinez Strait.

Sediments deposited in the Strait from these inputs may, therefore ,

contain toxic heavy metals from both urban and industrial waste

wa ters .

Dur ing dredging operations in MIS a certain amount of sedi-

ment resuspension occurs, but careful operation of a hopper dredge

minimi zes the input of resuspended sedinents into local waters . This

resuspended material is a potential source of heavy metals and other

pollu tants to local food webs , particularly to invertebrates exposed

55. to suspended particulates or living in adjacent sediments. The

possibil i ty tha t dred ging act ivi ties in San Francisco Bay may increase

heavy metal concentrations in the biota has prompted the San

Francisco District of the Corps of Engineers to sponsor studies on

the impac t of dred ging on poll utant release. The present report
~~1

presents the results of a one-year study of the effects  of dredging

• activities in MIS on the levels of nine metals in local  inverte-

brates , and in  adjacent sediments.

1
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Studies by the U . S . Geologic Survey have examined the

distribution of mercury and of lead and copper in surface sediments

of San Francisco Bay (McCulloch et al., 1971; Peterson et al., 1972) .

Haupert (1972) reported concentrations of several heavy metals in

• sedimen ts collec ted from Mare Is la nd Strai t and Moyer and Budin ger

(1974) determined Cd levels in Mare Island sediments as part of

their San Francisco Bay shoreline sediment study . An excellent

review of the metal content of San Francisco Bay sediments was pre-

sented in the final report of the Crystalline Matrix Study

(Anonymous , 1975).

The sediments of San Francisco Bay appear to be a significan t

sink for metals which have been introduced into the waters of the Bay

as a result of various human activities. Whether dredging activities

mobilize a significant fraction of these metals has been a subject of
‘5- -

controversy (Gustafson, 1972; Jernelöv and Lann , 1973; Turekian,

1974). The studies and reviews carried Out to date on the environ-

mental effects Df dredging activities have provided relatively

little informa tion on this top ic.

‘5 Surveys such as those conducted by the National Marine

Fisheries Service (1972) on dredge disposal in New York Bight , by

May (1973) on hydraulic dredging in Alabama estuaries , and by

&rehmer (1967), Bi ggs (1968) ,  Flener et al. (1968), and Pfitzenmeyer

(1970) on environmental effects of dredging in Chesapeake Bay , have

examined only the gross physical and biologic al effects of dredging

ç operations .

2
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Studies conducted by Cable (1969), Wennekens (1972) ,

Turekian et al . (1971) and by Gordon (1974) on the envi ronmenta l

consequences of dred ge spoil  disposal have included proposals for

reducing the p o t e n t i a l , de t r imen ta l  effec ts of spoi l in g opera t ions .

Concise overviews of the env i ronmenta l  aspects of es tuar ine dredgin g

and spoiling practices are presented by Windom ( 1972) and by

Turekian (1974).

o ther studies concerning specific environmental effects of

dred ging activities arc listed or reviewed in compiled biblio-

graphies , such as those by Sherk and Cronin (1970), Bohien and Devine

(1973), and Morton (1973), or in annotated b ibl iographies such as

that prepared by Metcalf  and Eddy (1968) .

The l)reScflt stud y at tempted to moni tor  heavy metal  concentra-

tions in sed iment and invertebrates during two dredging operations ;

and through a series of f i e ld  and laboratory experiments to determine

whe ther these opera t ions si gn i f i c an t ly a f fect the con centra tion of

metals in local invertebrate populations . 

~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~ _ _ _ _
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MATERIALS AND METh ODS

I. Rationale of Study and Experimental Desi gn

The present study was designed to determine the natural

fluctuations in the concentrations of nine heavy metals in inverte-

brates and sediment in MIS and to compare these fluctuations to

changes observed during and after the two scheduled dredge periods .

Benth ic and intertidal stations and organisms were selected

on the basis of a prc-survey conducted in this area prior to the

first dredge period . Samplin g stations were subsequently established

both within the dredge zone and outside of the vicinity of planned

dredging activity . This station arrangement allowed changes observed

within the dredge zone to be compared to those observed at stations

outside of the immediate influence of dredging operations . It was

felt that by this method , natural , seasonal f luc tuations in metal
- 

-~ levels could be separated from possible fluctuations due to dredging .

Since main tenance dred gi ng has been conduc ted in MIS fo r

many years , it was possible that native 11. edulis may have reached

some pollutant equilibrium whereby increases in the test metals would

not be observed . To test this possibility and to gather data on the

rate of metal uptake and accumulation in a filter feeding inverte-

brate, the mussel M. edulis was transplanted from Tomales Bay to

stations within and outside of the dredge zone in MIS.

The clam , M. bal thica, was used in a laboratory experiment

k £‘_ _ _ _



to determine the effects of salinity and the concentration of metals

in amb ient water on the uptake and accumulation rate of these metals.

I I .  Pre-Survey Collections

A pre-survev was conducted during July-Septemb er, 1973, to

gather basic information on the taxonomy , abundanc e, and distribution

of subtidal and intertidal invertebrates in Mare Island Strait (Fig.

1, p. 6). Sediment and invertebrate samples were collected to

determine the concentration ranges of the metals Ag , As , Cd , Cu , Hg, - •

Ni , Pb , Sc and Zn . These data were used to check instrument sensi-

tivity and to establish subsequent sample handling procedures.

Benthic samples were collected for metal and popula tion

analyses by a corrosion-free, stainless steel , 0.05m2 Van Veen grab .

Three popu lation and three metal samples were collected at each of

the  following n i n e  p r e - s u r v ey  S t a t i o ns :  N I  (N  = north , I = i nne r  or

sha l low , I meter), NO (N north , 0 outer or deep , 6 meters), SI ,

SO , 1)0, I I , FO , WI , and WO (Fi g. 1) . A l iquots of surface sediments

(<2.0 cm) were removed from each of the three metal  samples 1

immediately frozen and returned to the l aboratory for la ter  a n a l y s i s .

The remainder of the grab samp le was washed on a 1.0 inn mesh stain-

less steel screen and col lec ted  inver tebrates  were frozen for l a t e r

metal analyses .

A l l  popu la t ion  samp les were washed through a 1.0 mm mesh

screen , and the  re ta ined  organisms preserved in 10~ forma l in  for

la ter  s o r t i ng ,  i d e n t i f i c a t i on , and coun t ing .

5
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During the pre-surve ’, 20 M . edulis were collected from

Marconi Cove on the cast shore of Tomales Bay (Fi g. 4 , p.15) and

transplanted to station SI to test transp lant hag desi gn and mussel

survival rates.

I I I .  Dre~ c~~ Period Col lec t ions

A . Subtidal Biolog ica l Col lections

The nine pre-survey benthic stations were judged to be suit-

able in terms of faunal similarity and abundances for continued

monitoring. Four additional stations were chosen for study and were

desi gna ted TI , TO , DI , and SP (Fig. 2, p .S ) .  The add it iona l

stations were selected to provide the best spatial coverage , within

practical limi ts , of the dredge zone and adjacent areas including the

spoil site (Station SP).

Prc-survey collections showed that the most abundant , suitable

benthic species for metals analyses were the clam , Macoma bal thica

(Bivalvi a: Mollusca), the worm , Neanthes succinea (Polychaeta:

Anne lida) and the amp hi pod , Ampel isca mi l ler i (Cr ostacea : Ar thropod a) .

The Van Veen grab used in the pre-survey, although a good remote

sampler , was unable to eff ic ient ly co l lec t the large numbers of

individu als necessary to accura te ly determine fluctuations in metal

concentrations in the above species. A specially-designed , diver-

operated , suct ion dred ge, constructed of PVC p las t ic p ipe and

similar to those used in underwater mining operations , was used to
P4

collect the large number of benthic invertebrates necessary for metals

7
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analyses . To eliminate possible metal contamination , al l dredg e

parts , hoses , and f i t t i n g s  were constructed of either PVC , Teflon ,

or nylon (Nytex).

• The 16 cm diameter x 100 cm long dredge was connected to a

7,800 liter/minute water pump which forced water through the dredge ,

creating the necessary suction . The discharge end of the dredge wa s

coupled to a 1.5 in long, 1.0 miii mesh Nytex bag which retained

invertebrates and some sediment . Samples obtained with th is devic e

were emptied into large p last ic bags and later washed through a 2.0

sin mesh pre-screen and into a 1.0 inn mesh f i na l  screen . Both screens

were constructed of stainless steel mounted in aluminum frames.

Specimens of M. balthica, N. succinea, and A. m ulle n were

separated in the field and returned alive to Lawrence Berkeley

Laboratory in oxygen-filled plastic bags. The live M. baithica and

N. succinea were removed from remaining detritus , placed in separate

acid-washed plastic trays filled with aerated Mare Island water , and

allowed to purge their digestive tracts for three days. The water

was changed at leas t once during this period .

In the field A. milleri, averaging 5 miii in length , were

removed from unwashed samp les by sti rring them to the wa ter surface

where they were entrapped by the surface tension . They were then

• skimmed from the surface by fine mesh nylon screening and returned

- ~ alive to the laboratory in oxygen-filled bags. In this manner ,

adequate numbers were obtained for replicate analyses. After

returning to the laboratory , the amphipods were refloated to the

9
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water surface in c lea n plast ic rays w d  pourcd o n t o  nylon m esh

screening, further separating thc:~i from 1C~~LaI ing dt- ti i tus.

attempt was made to p u r g e  th i~ S:~ -cies due to hi~ h mortality at this

stage of samp le prep aration.

R e n t h i c  p o p u l a t i o n  sao~~1es were c o l l e c t e d  by divers using

PVC plast ic cores rather than by the Van Veen grab , since cores

allowed uniform substrate penetration , the collection of a greater

number of rando m samples of equal vol ume and surf ace area , and

— reduced the amount of sediment to be screened and sorted . Lar ge

cores (10.2 cm diameter x 30 cm length) were used to collect M .

baithica and N. succinea for population analyses. Small cores (7.6

cm diameter x 12 cm length) were used to collect A. milleri. The

large cores were washed through a 1.0 mm mesh screen and the small

cores washed through a 0.42 mm mesh screen . Invertebrates retained

on these screens were preserved in 10% formalin for later sorting,

identification , and counting . Specimens were eventuall y t r ans fe r r ed

to 10% ethyl alcoho l for future reference.

Two dred ge periods were scheduled dur ing  this study . The

f i r s t  dredge period lasted 20 days (29 October - 19 November , 197 3)

and the second lasted 4~ days (13 February - 2 A p r i l , 1974). The

subt idal  b io log ical  sampl ing  schedule  is presented  in Table  1 , p. 11.

The co l l ec t ions  bracketed the  two dredge p e r i o d s  hut d i f f e r e d  L I I

t h e i r  t i m i n i ~ and i n  the s t a t i on s  m o n i t m r e d .

The fi r s t dred ge period was preceded by two si i bt  ida 1

I
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biolog ical collections just prior to the dredg ing operation which

was immediately followed by a i~ iir d subtida l biolog ical collection .

It was f e l t  that  poss ib le  short term ch an~ i s of meta l  c o n c e n t ra t i o n s

as a resu l t  of dred g ing  could be observed by this uethod. All

th i r t een  b e n t h i c  s t a t ions  ( F i g .  2) were sampled  for  both met a l  and

popula t ion  data during these collections.

S i x  of the above t h i r t e en  ben th i c  s t a t i o n s  were mon i to red

for me ta l s  concen t r a t i ons  dur ing  the second , longer , dred ge period

(Fi g. 3, p. 13). During this period , population samples were

collected at twelve of the previous stations (Fig. 3 ) .  Th i s  dredge

period was preceded by a s i n g le su b t i d a l  b i o l o g ica l  co l l ec t ion ,

fol lowed by a second me ta l s  c o l l e c t i o n  one week before  dred ging

ceased , and a third metals and population co l l e c t i o n  two weeks a f t e r

the end of dred g ing a c t i v i t y  (Table I ) .  This  schedule  was designed

to moni tor  both potent ia l  short term metal  releases and possible

subsequent desorption .

Populat ion samples co l lec ted  dur ing the f i r s t  dredge per iod

consisted of five large and five small samples per s ta t ion . The

number of l arge cores per large sample was increased from two fo r the

first collection (18-24 September) to four per large sample for the

second (19-22 October) and third (26-28 November) collections . Pi ght

larg e cores per samp le were co l l ec t ed  du r ing  the  four th  (15 January

- 13 February )  and f i f t h  ( lb -U ?  Ap r i l ) ,  second dred ge period col lec-

t ions . These increases  were necessary to reduce the number of
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samp les w i t h  zero specimens thereby pr ov id in tz  more s t a t i s t i c a l l y

reliable data.

One small core per small samp le provided statistically

re l iable  data d u r i n g  the three , f i r s t  dred ge period co l lec t ions .

However , A.  n i l le r i  disappeared from the stud y s i t e  a f t e r  the fi rs t

dredge per iod .  Small  samples were d iscont inued at the shal low

stat ions du r ing  the  second dred ge period s ince  A. m i l l e r i  had been

significantly more abundant at the deeper s t a t i o n s . I t  was f e l t

tha t  r e c o l o n i z a t  ion , i f  i t  occurred , would begin at the deeper

stat ions.  Therefore , the number of small  samples col lec ted  du r ing

the second dred ge period was increased from f ive  to eight  per outer

station.

B. Transp lant Studies

‘l’he t r ansp lan t  studies were designed to determine whether N .

edulis, native to Hare Island Strait had reached some pollutant

equi l ib r ium whereby poss ib le  f luc tua t ions  in t he i r  metal  content as

a resul t  of dred g ing would not be detected . The s tud ies  would a l so

allow the  de t e rmina t ion  of uptake  rates of the test metals by H.

edulis by comparing concentrations in N .  edulis t ransplanted in to

MIS from Tomales Bay , with native Tomales Bay and Mare Island

populations .

For the t ransplant  experiment , approximate ly  1, 200 N . edul is

were collected from Marconi Cove in Tomales Bay (Fig. 4, p. 15) and

returned to the Bodega Mar ine  Laboratory . Ep i fauna  and hyssal
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threads were removed and the m u s s e l s  sor ted  in to  fou r  s i z e  c lasses

(30-40 , 40-50 , 50-60 , and 60-plus  nun in  l e n g t h ) .  F i f t y  of these

mussels were prepared for analyses as base l ine  samples .  The remain-

ing mussels  were d iv ided  in to  45 groups of 25 musse ls  each; a l l

groups included equal numbers of i nd iv idua l s  of each s i ze  class.

The groups were p laced in 1. 0 mm mesh Nytex bags (50 cm long x 15 cm

high)  for t ransplantat ion. Nine bags were at tached below mean low

tide level at each of the t ransplant  sites : ‘FR (Marconi Cove) (Fi g.

4 ) ;  and stations SP , D , T , and ST (F ig .  2) on 8 October , 1973. Care

was taken to evenl y arrange the bags and mussels so as to avoid

crowding and al low adequate water  circulation . Native N. edul is

populations were found at two locations in Mare Island Strait.

These two stations were designated SIP and OWP (Fig. 2). Two of the

transp lant stations were loca ted adjacen t to these native popula t ions

and native and transplanted mussels were removed as indicated in

Table 1.

One transp lant bag per s ta t ion  was removed during col lect ions

I - IV. By collection IV (19 December 1973) native and transplanted

M. edulis had suffered high mortalities at the Mare Island transp lan t

si tes , mos t l ike ly  as a resul t of heavy ra infa l l  and greatly reduced

- 
~~- salinity . Transplants at station SP and D appeared normal , however

60% of thc transplants at station T and nearly 100% of the trans-
I— plants at station ST were dead . Native mussels at station OWP in

Carqu incz  St ra i ts  appeared normal , but less than 20 nat ive

16
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i nd iv idua ls  remained a l i v e  at station STP . An oil spill occurred in

MIS on 20 November 1973 , and the  presence of an o i l y  coat ing  on

transplant bags and p i l i n g s  could have contributed to th i s  m o r t a l i t y .

The mussels transp lanted to the Tomales Bay s i t e  c~ t inued to have

zero m o r t a l i t y  throug hout the exper iment .  The f ive  remaining trans-

plant bags at s ta t ions  ST . I , 1 , and SP were removed in c o l l e c t i o n  V

due to h i g h m o r t a l i t i e s  at these s tat ions .

Due to the high mortality of the Mare Island transplants

after  the f i r s t  dredge period a second t ransplant  experiment was

ini t ia ted on 24 January 1974 to moni tor  the second dredge per iod.

Mussels were again collected from Marconi Cove , Tomales Bay ( F i g .  4 ) ,

and a second Tomales Bay base l ine  was de termined.  Sixteen bags w i t h

25 mussels per bag were t ransp lan ted  to the stations NO , SO, TO , WO

(Fig .  3).

Transp lants were removed according to the schedule presented

in Table 1. l)uring t ransplant  co l l e c t i on  V , one bag was removed

from s ta t ions  NO , SO , and TO. A l l  mussels t ransplanted  to s t a t i o n

~sJQ were dead by collec tion V I ;  all remaining bags at stations SO and

one bag from stat ion WO were removed during this collection. One

bag was removed from station 1~’O during collection VII and the two

remaining bags were removed in collection VII I. All transplant

samples were re turned a l i v e  to Lawrence Berkeley  Laboratory for

purg ing and samp le preparation .

17
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C. H. edul i s  Desorption Stu~4~

Higher concent ra t ions  of the test meta l s  were observed in

N . edulis nat ive  to Mare I s land , than in those collected in Tomales

Bay . To determine whether desorption of meta l s  could occur in \1.

edulis a number of mussels were collected from the Selby Pier (Fig.

3) and transplanted to Tomales Bay . The Se lby Pier area had been

the si te of a lead smel ter and in previous studies high concentra-

tions of several heavy metals were observed in N. edulis from this

area.

A baseline group of these mussels was prepared for analysis

and another group was transp lan ted to Marconi Cove , Tomales Bay on

4 May 1974. The Tamales Bay reference samples and the Selby trans-

plants were removed for analysis and comparison on 29 May 1974.

D. Intertidal Biological Collections

Popula tions of the ribbed mussel , Ischadi um demissum were

found at three locations in the Mare Island Strait area. The three

intertida l marsh stations were labeled NVM , STT~I , and OWM (Fig. 2).

Samples of 25 mussels per collection were removed from these sites

according to the collection schedule (Table 1). This animal l ives

semi-buried in sediments but is a suspension filter feeder similar

to N. eduljs. Their habitat makes them more susceptible to exposure

to metal rich suspended sediments , resuspended by wind and wave

action or by dred ging-spoiling operations . Collected samples were

returned a l i ve  to Lawrence Berke ley Labora tory for purging and

Sample preparation .
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E. Sediment Collections

Sediment  samp les were  c o l l e c t e d  by d i v e r s  at the sub t ida l

stations durin g the subtidal biological collections as presented in

Table 1. Small , plastic vials were used to collect a sample of the

upper 2 cm of sediment at each station to monitor possib le fluctua-

tions in the concentration of metals in newly  deposited sediment

layers . Collec ted sediments were returned to Lawrence Berkeley

Laboratory and immediately frozen for later analyses .

F. Water Collections

Water samples were collected for the determination of

dissolved Pb and Pb associated with suspended particulates . Samples

were collected during ebb tide from a depth of 4 meters at three

mid-channel locations in Mare I s land  St ra i t  (Fi g. 2 ) .  This proced-

ure was employed to obtain samples representative of natura l

conditions and as free as possible of shallow water inputs. Water

samples were collec ted by divers using 4 l i t e r , acid-cleaned ,

polyethylene bottles wh i ch were transported through the water surface

in sealed plastic bags. Collections were made before, during and

5-
. after the first dred ge period and before and during the second dredge

period. Samples taken dur ing the dred ge per iods were collected

:
5- downstream from the dred ge zone , behind the operating dredge , and

upstream from the dred ge zone.

C. R a i n f a l l  Data and Sal in i ty  Determination

Da i ly r a i n f a l l  data for th e period September , 1973 - May ,

$ 

1974 was obtained from t:he Meterolog ical Service of the Mare Island

19
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Naval Shi pyard .

S a l i n i t y  measurements were determined by s i l ve r  ch lor ide

titration (S tr ickland and Parsons , 197 2) in water samples collected

at stations NO , SO , DO , TO , and WO (F ig .  2) throughout the study

period .

IV . Laboratory Uptake and Accumu.lation Experiment

A laboratory experiment was conducted at the Bodega Marine

Laboratory (BML) to determine whether N. balthica could accumulate

heavy metals direc tly from water and to determine the effects of

concentration and salinity on uptake rates.

A diagrammatic representation of the laboratory design is

presented in Figure 5, p. 21 . The test tanks , holding tanks ,

reservoir tank and all water lines were constructed of acic-cleaned

polye thylene or PVC plastic. Filtered water was ontained from the

BML seawater system and refiltered through a pol yethylene-poly-

urethane foam f i l t r a t i o n  u n i t .  Seawater was d i lu ted  in the reservoir

tank to a s a l i n i t y  of 25o/oo wi th  deionized water .  This i n i t i a l

s a l i n i t y  represented the upper range of values observed in Mare

Island S t r a i t .

The system was desi gned to s imul taneous ly  expose N. ba i th ica
5-
I to three s a l in i ti es  and to three concentrat ions of the me ta l s  ~g, Cd, Cu

Ji g, and Pb added as chlor ide  s a l t s .  The concent ra t ions  of m e t a l s  in ,

and the salinit y of , the water  enter ing the  12 tes t  tanks were

~~ controlled by the  f low ra te  of the  p r imary  so lu t ions  en tP r ing  the
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var ious  p r e - ru  x i n g  chambers . Three of the  12 tanks were used as

c o n t r o l s  r e c e i v i n g  ~atcr s  of th ree  d i f f e r e n t  s a l in i t i e s  hut no

additional metals. Th~ remaining tanks each received water of a

p a r t i c u l a r  sai init y and added metal content . The salinitics in the

twelve tanks were as follows: tanks 1-4 250/00; tanks 5-9 =

12.50/00 ; tanks 9-12 = -1 .8°/oo . These values represented the

approxirlate range of salinities observed in Mare Island Strait

during t h i s  study .

Three stock solutions of the divalent metals Ag, Cd , Cu , h g,

and Pb were prepared from the ch loride sal ts o~ these metals . The

stock solutions had the following concentrations of the three metals:

solution A (low) = .25 ppm; solution B (medium) = .5 ppm ; and

solution C (high) = 1.0 ppm. These solutions were dripped into the

pre -mix ing  chambers at a rate of approximate ly  0.1 ± .01 mI/mm and

combined w i t h  10.0 ± .1 m i/ mi t ,  of water of one of the above salinin-

i t ies to provide a flow rate of 10.1 ml/min i n t o  the test  t anks .  The

resultant concentrations of the three metals entering the test tanks

were assumed to he as f o l l o w s :  t anks  1 , 5 , 9 = X or control  seawater

concentrat ions;  tanks  2 , 6 , 10 = X + 2 .5 pph ; tanks 3, 7, 11 x +

5.0 pph; and tanks 4, 8, 12 = X + 10.0 ppb . The three concentrations

were chosen on the basis of the determination of Pb in Mare Island

Strait  water  wh ich  was approx imate ly  5. 0 pph . This value was

~~ bracketed by the two a d d i t i o n a l  concen t r a t i ons .  The co n c e n t r a t i o n s

of the other metals were equivalent to the Pb concentrations ar i d

22

11*

- -- _ _ _ _



LI - -~~~~~~~~ -~~~~~~~~~~ -

were based on “he ‘e~’o r t c d  S O  e~arer values ~resented by Coldber

(k-lorne , 196 9) . i~a ter  e n t e r i ng  t h e  test tanks fron th e  p r o — m i  s i n g

chambers was cont i n ioti s lv ui ~e~l and a e r u t  ed i c  a d~ agc,na 1 Iy fluwi i ig

cross current , naint aincd by in air—i tt ) ccted v e n t u r i  sys tem .

:\pproxin~itely 1 ,001) b a l t h i c a  were  co l 1e~ t cd  f rom s t a t i on

SC in ~hIS (Fig . 2) for exposure in this continuous flow syster . The

clams were alioeed to purge for  three  days in filtered , 150/00 sea-

water , then seoarated into 12 groups of 75 individuals and introduced

into the  tes t  tanks . In add itio ri~ 2S purged clams were composited

into S groups oF 5 individuals each to establish a baseline metal

concen trat ion. .-\fter 3, 6 and 9 days exp osu re , 25 c lan s  were  removed

from each tank and prepared fo r  me t a l s  a n a l y s e s  as d e s c rib e d  be low .

Althoug h the metal concentration of the test solutions were

not monitored , the r e l a t i v e  exposure  procedure f o l l o w e d  in thi s

study was considered valid to answer the  above questions. Control or

mon itoring of p11 , Eb, temperature , in s i t u  metal concentrations ,

chemica l state of metals and other physical-chemical parameters w h i c h

-
~ 

- - influence uptake and a c c u m u l a t i o n  of heavy metals was not attenc t ed

~~~ 

- - due to severe time limitations and the lack of necessary anal ytical

facilities.

V . ~~ n~ 1e Preparations for ~-1ct a l s Aq~~yses

— A.  I n v e r t e b r a t e s

Benthi c and i n t e r t i d a l  i n v e r t e b r a t e s  c o l l e c t e d  dur ing  t h i s

s t u dy  were  returned alive to Lawrence hierkc lc\ Laboratory for
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prepara t ion  and meta l  a n a ly s e s .  A f t e r  ~)u r g i n ~~, the tissues of M .

ba it h i ca ,  ~h . e d u l i s ,  and I .  dem issum were removed from t h e i r  s h e l l s

and placed in clean , p l a s t i c  v i a l s .  The musse l s  were large enough

for i n d i v i d u a l  r ep l i ca tes , but it was necessary to analyze the c l a m

M. ba l th i ca  and the polychaete  N . succinea as compos i te  r e pi i c a te s

wi th 3-5 i n d i v i d uals pe r samp le.

A di gestion step was necessary to break down the worm , c lam

and mussel t i s sues .  F ive  to seven m l of the s trong organic base ,

t e t r ame thy l  ammoniu m hy d r o x i d e  (Eas tm an-Kodak , 0 .006M ) were added to

each vial. The samp les wer e then heated at 40°C for S hours . The

s olu b i l i z e d  samp les were frozen , lyop hilized for 36 hours , ground to

a powder within the sample vials by a corrosion free stainless steel

pestl e and ana lyzed for Hg as described below . Frozen samples of

A. milleri were separated into 2 gram (wet weight) replicates ,

lyoph i l i z e d  for 36 hours and ground to a fine powder. This material

was then read y for hi g  ana lyses .

B. Sediments

Sediment  samples  co l lec ted  ( I t i r in g  t h i s  s tudy  were f rozen

immedia te ly  upon r e t u r n  to the  laborat or> for preservation and l a te r

a n a l y s i s .  Sediments  were prepared for m e t a l s  a n a l y s e s  by s l i g h t ly

thawing  the f rozen  samples , and removing  a 2 - 5  gram a l i quot for

freeze-drying. The dr ied sediments , including the suspended particu-

late samp les , were ground to a fine powder in an agate , mortar and

pes t le  and were then ready for h g determina tions.
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C. l~ater

Samples  were immed i a t e l y re tu rned  to L awre n ce  B e r k e l e y

Laboratory and two 250 m l ali q i t o t s  were removed from each s a mp l e

a f t e r  vi gorous shai  lu g .  One al iquot of raw sar J)le was centri fii~~e~

to remove suspended par t  i cu l a t e s  (> . (~~~ esd = equivalent spherical

diameter) . The supernate was drawn off , ad jus ted  to p11 2 with 12h

3x d i s t i l l e d  (NRS) lid and heated for three days at 55°C in scaled

Teflon bottles. The supernate was then analy ;ed for Pb by anodic

stripping voltametry (AS\ ’) as desc r ibed  by G i r v in  et a l .  ( 1 9 7 4 ) .

Lead in this supernate is referred to as Phase I Pb (Table 9, p.~~l ) .

and represents that fraction of Pb which is soluble, p lus Pb whi ch is

IIC 1 acid extractable from both organic and inorganic suspended

material (< .6w esd) remaining in the supernate. The suspended sedi-

ments , removed by cen tr i fuga tion , were col lected , dried at 40°C to a

constant wei ght and prepared for metals analyses as described below .

Lead in these dried sediments represents the total Pb associated with

suspended particu l ates in the water column and is referred to as

Phase III Pb on a dry (i g/g) and wet (og/l) weight basis (Table 9).

The second aliquot of raw water was immediately acidified to

p11 2 with 12N , 3x distilled (NBS) HC1 , and heated as above prior to

5-

; analysis by ASV. Lead concentrations determined in these ali quots

represent total Pb burden in the water column and are referred to as

Phase I I Pb concentrations (Table 9).

— - - — - — 5 -  5- - - - - , - - - ~ -“ . —
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U. Sample l’reparation for X-ray Fluorescence Anal ys is

Once the samples were ground to a f ine powder , Hg could be

determined in this material. For the analyses of Ag, As , Cd , Cu ,

Pb , Ni , Se , and Zn by X-ray fluorescence spectrometry , it was

necessary to prepare thin wafers from the powdered sample. Samples

were prepared by weighing out 150 mg of the invertebrate powder,

pourin g it into a special stainless steel , 300 mm diameter die and

pressi ng the material into a wafer by hydraulic pressure . Sedimen t

wafers were prepared by weighing out 75 mg of both the fine sediment

powder and pure , powdered cellulose and gr inding the two materia ls

together in an acid-cleaned agate, mortar and pestle. The prepared

wafer could then be analyzed on the X-ray fluorescence apparatus

described below .

VI. Description of Instruments

The analyses of heavy metals in all samples of organisms ,

sediments, and suspended particulates were performed on the X-ray

fluorescence spectrometry and Isotope-shift Zeeman atomic absorption ,

IZAA , systems at Lawrence Berkeley Laboratory. These instruments ,

al though not yet widely used for environmental trace element analy-

ses , offer a number of advantages for the analyses of a large number

- - of samples for a series of metals. Both systems require relatively

simple sample preparation and low sample weight . The X-ray fluores-

cence system allows the rapid analyses of several metals

simultaneously. Over two samples per minute can be analyzed for Hg

26
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by the Zeeman atomic absorption method.

A. ~~~~~ Fluorescence Method

A semiconductor detector , X-ray fluorescence spectrometer was

used for the determination of the elements , Ag, As , Cd , Cu , Ni , Pb ,

Se, and Zn in this study . This system employs a low power, tungsten

(w)-anode , X-ray tube (30 watts) which is capable of operating at

80 KV. Additionally, in terchangeable secondary targets are uti li zed

to obtain near, monochroma tic exc itation radia tion which enhances

sensitivities over those obtainable by other X-ray systems.

Determination of the elements , As , Cu, Ni , Pb , Se and Zn were

ascertained with a molybdenum (Mo) secondary target and a terbium

(Th) secondary target was used for the Ag and Cd analyses . Trans-

mission measurements were made on representative samples of each

invertebrate species and sediment type collected to determine the

corrections necessary to compensate for matrix absorption effects

(Giauque et al ., 1973).

Data obtained on this system were recorded on magnetic tape

and subtraction of scattered excitation radiation background , unfold-

ing of X-ray l ine overlap , and concentration calculations with

counting errors were carried out on Lawrence Berkeley Laboratory ’s

S CX 7600 computer . A more detailed description of the theory and

operation of this semiconductor detector X-ray system is presented

by Jakievic et al. (1973).
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B. Isotope-Shift  Zeeman Atomic Absorption

Mercury determinat ions  in a l l  biolog ical , and sediment

samples were performed on a new type of atomic absorption spectro-

meter developed by Dr. 1. fladeishi at Lawrence Berkeley Laboratory.

This instrument allows the measurement of the Hg content of a solid

or liquid sample in less than a minute without previous chemical

separation of the Hg from the host material (Hadeishi and McLaughlin ,

1971).

In this technique , the sample is thermally decomposed in a

nickel furnace main tained at a tempera ture of 800°C. The

decomposition products are swept into a heated absorption tube by

oxygen carrier gas , where they are scanned by a light beam from a

20411g electrodeless-discharge lamp operated in a magnetic field. The

ii ght emi tted from this l amp has two components; one has a wave

length centered on the absorption profile of h g in air , and the other

is sligh tly displaced (less than 1 cm~~ ) from the absorp tion l ine .

The centered component is absorbed by mercury vapor , non-mercury

decomposition products (smoke, particulates) and other thermally

stable molecular species present . The slightly displaced component

is absorbed only by the non-mercury background . In this system

absorption due to mercury alone is measured by electronically taking

the difference between the absorption of the two components. This

background cancella tion results in very low interferences even in

~~ fresh tissue samples. A fully detailed description of this system

2S
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is presented by Hadeishi et al. (1975) .

During the present study over 5,000 Hg de termina tions ha ve

been made using this system. We have calculated the practical

detection limit of Hg (limit at which results are reproducible at

±5%) with sample weights ~5 mg , to be 0.01 ppm in lyophilized sed i-

ment and biological samples .
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RESULTS AND DISCUSS iON

I. Results of Rainfall and Salinity Measurements

Rainfall data over the period of study were provid:d by the

Meteorological Service of the Mare Island Naval Shipyard. The data,

integrated over five day intervals beginning 1 September 1973, are

plotted in Fig. 6, p. 31 . The number of days after September 1 are

plotted on the horizontal axis and the two dredging periods are

indicated by crossbars. This graph shows that the two periods of

heaviest rainfall coincided almost exactly with the two periods of

dredging .

Salinity was measured in bottom water, water from 1 meter

depth , and surface waters at various periods during the subtidal

biological collections. The mean salinity values observed at all

stations and times are presented in Fig. 7, p. 32 . Mean salinity

values ranged from 13-20°/oo before the first rainfall period , with

hig her salini ties being observed in 1 meter and bottom water samples.

Salini ty differences between surfac e and bo ttom waters were mos t

pronounced at stations near the mouth of Mare Island Strait indicat-

ing greater stratification at these locations .

Salinity decreased significantly in surface, 1 meter , and

I 
~ bottom waters during the first dredg ing period . Values fell from

130/00 in surface waters and 200/00 in 1 meter and bottom waters to

40/00 in surface and l meter water and to 90/00 in bo ttom wa ters .
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Dur ing t h e  Februa ry  col l ec r io n e , sal in it lee u n i f o r m l y ~ver age~ 3
O

/~~~~

lowered sa l i n i t i es  (10/00) were observed during the second dred ging-

rainfall period increasing to 4-~
°/oo af t e r  d r e d g i n g — r a i n f al l  c:eased.

The effect of salinity on the mobilizat ion of metals has

been studied by several workers (l3othner and Carpenter , 1972;

Cranston and Buckley, 1972). These studies have shown that higher

concentra t ions  of some trace me tal s ar e associa ted W i t h  low c h l o rid e

ion concen t ra t ions .  It  is possible that lowered salinity , as a

result of heavy rainfall, and freshwater run-off may affect tr~~- ,-

metal mobilization from sediments and influence suspended particualt~

sorption processes.

- - The heavy rainfall during the period of this study, no doubt ,

transported significant amounts of metal rich suspended particulates

from street run—off and land drainage into Mare Island Strait.

II. Data Analyses

The results of the analyses of the nine metals monitored in

sediments  and i n v e r t e b r a t e s  during this study are presented in the

Appendix Tables la-VIli, pp. A I to A 63 . These data are give n i n

parts per million dry weight and are either the mean va lues  and ‘~~~t

confidence limits of the indicated replicates or individual values

where no r ep l i ca tes  were ana lyzed .

In the discussions presented below , the mean concentration V a ] -

~ ues and one standard deviation of the mean values observed at dredge

zone stations (Sl ,SO,TI ,TO,DI , and DO) are compared to the m(~~! (Ofl (T (’5

3~

a
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tra t ions observed at stat ions ou ts ide of the dredgi ng area (NI ,NO,

EI,EO,WI ,WO ,and SP). These grand mean values  are presented in Tables

2-6, p. 36 and pp. 48-51.

The da ta obtained dur ing  this  stud y was anal yzed by a “group

pairing design test’ to determine whether changes in metal concnetra—

tions in sediments and invertebrates at dredge zone stations were

greater than at outside stations during the dredg ing operations . Both

dredging periods were treated as one experiment and all stations with

suitable data were combined , The mean concen trations observed dur ing

or Just after dredging were subtracted from the most ixmnediate pre—

dredging values for each station. The d i f ferences  observed at statlors

inside the dredging area were then compared with changes at the outside

stations in a group comparison test. Sig n i f i c a nt t rat ios indicate a

significant difference in the amount of ch ege between inside and out-

side stations. This test is a combination of a pairing design and a

group comparison test and is therefore referred to as a “group pai r ing

• design test” . The results of th i s  test are -presen ted in Table 7A p. 52 .

To gain insight into any general trends that occurred during

• the study period , a two-way anova without replication was performed on

the mean concentration values observed in sediments , M. baithica, N.

succinea, A. milleri, and M. edulis transplants. This test compares

changes observed between station and through all collections. The res—

ults of the two—way anova are presented in Table 7B p. 53 .

The laboratory data for Cu , Hg, and Pb concentrations in M.

baithica were subjected to a three-way anova (Model I , with replica-

tion for Hg values and without replication for Cu and Pb values) to

34 -
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test pr imary e f f e~ ts , ~~d ~ ir~~t~ •tr 1 second order Interact ions among

the variab1e~~: salinity, cc-nc -nt  ra~ ion , and t ime . The results of tL~

test are presented in ~~aole  it , p. 73

III .  Results  of Metals J~naj1~~ s

A. Dredge Period Collect ions

1. Sediments

The resul ts of metal ana lyses of sediments col lected at ~j l l

stations during all collections in this study are presented in the

Appendix Tables ( I a — l i , p. A 1— 9). The mean and one standard deviation

of concentrations observed within dredge zone stations are compared

with the mean concentration of values observed at stations outside

of the dredge zone in Table 2, p. 36

The concentrations of the nine metals analyzed remained rel-

atively constant in sediments from dredge zone and outer stations —

throughout the period of study. No significant differences through

time or between stations were observed in Ag, Cd or Se. Changes

- 
• 

through time and differences between stations observed in the other

metals did not appear to be related to dredging activities (Table

7A , 7B).

The mean concentration of t I e  metals Cd , Cu, Pb, and Hg in

Mare Island sediments analyzed during this stud y are sim ilar to t f s

values of these metals reported by McCul loch  et a l .  ( 1 9 ’ l ) ,  Pet r~- - l I I

et al. (1972), Haupert (1972), Moyer and Bud inqor (1974), and Anon-

¼
ymous (1 975) . The met a I t ’onc~ nt rat Ions 1 r ~~~-~ ted  i t ,  th i s report a t

less than or comparable t o  levels of these metals fo un d  i n  o ther  p o t s
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- of San F r a n c i s c o  t~s; and -i re  much 1~~W (r t S O  those found in sed rn -n t  s con-

sidered polluted in other iiidu strialized ports such as Los 1~n q - 1 e s  and

Baltimore Harbors (Chen and Wang , 1974; V i l l a  and Johnson , 1974). It  is

interesting that neither dredging activity nor reduced salinity ~nd i 4 , rr~ a s_

ed sediment transport significantly altered the total concerltrations of

the metals analyzed during this study.

2. Inver tebra tes

The results of the metals analyses of the benthic species M . 1s lt ~.i- :a .

• N.  succinea,  A. m il l e r i,  and the mussels  I. demissum and M. edulis are dis-

cussed in this section . The mean concentration of the nine metals , th~ 95~

confidence l im i t s  and number of rep l ica tes  of these species at each s t a t i o n

during all collections are presented in the Appendix Tables h a  — V i i i , pp.

A 10 to A 63

• 

- 

The moan concentration values and one standaro deviatioi. . f the mean

concentration of metals in the three benthic species and M . edulis fr c.

dredge zone and outer stations are presented in Tables 3—6 , pp.48 t u  51 -

The data are discussed by metal in relation to stations within and cutsid-

of the dredge zone during the two dredging periods.

Si lver

Silver concentrations remained near or below the detection lisits

- • of our instrument (<1.Oppm ) in N. succinea , A. milleri , I. demj s sum • i rn ~ t . - - t h

n a t i v e  and I r a sp l an t ed  M . edu l i s .  The mean c o n c e n t r a t i o n  of As r e ma i t i e~

below 2 . 0  ppm in N.  su cc i nea  and below 1.0 ppm in A. m i l l e r i ,  ~

and M . e d u li s .  No si g n i f i c a n t  d i f f e r e n c e s  were observed between • t i ~~~ i -r 1~ • ‘.on~’Lt. ~~

and o u t e r  stati on s in any of these s}s -c ieS (Tables 4—6 and Va , p .  A 37 ) .
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S i g n i f i ca nt changes w - r  ~- seo S ~ i 5 . b a 1t h i~;s a f t e r both

dredgi ng per iod s. However , these changes werc not significantly

g reater at s ta t ions  wi th in  the dredge zone than at those ou ts ide  of

the dredging area . There was a gradual  increase with time from ap-

proximately 2.0 ppm to 3.0 ppm at al l  stations suggesting tha t these

increases were a resul t  of na tu r a l  phenomena (Tables 3 , 7A and 7B,

PP- 48 • 52 and 53 ) .

Arsenic

The mean concent ra t ion  of As in M . balthica, I. demissum

and native and transplanted a- eduh is  did not change s i g n i f i c a n t l y

with time and no correlations were observed with either dredg ing or

rainfall period (Table 78). Arsenic concentrations in these species

were approximately: it . balthica - 10 ppm ; I .  dern issum and M. edulis

- 7 ppm.

S ign i f i c a n t  increases were observed in the As concentra t ions

in ~~~. succinea and A . mi l le r i  but these increases were observed ei ther

befo re dredging began (N ,  succinea) or occurred equa l ly  at both dredge

zone and outer stations (A. milleri). The observed increases were

not correlated wi th  ei ther dredg i ng or r a i n f a l l  periods (Tables 7A

and 7B ) . Mean As concentra t ions  ranged between 4-5 ppm in both

N. succinea and A. m i ll e r i .

Cadmium

No s i g n i f i c a n t  changes were observed in the Cd concent ra t ions

of M. b a it h i c a , A. m i l l e ri , I .  de m i s s w i  or t r a n s p l a n t e d  M .  e d u l i s
.44. — - -—-—-— - —-— - — —--— —— -  - —
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(Tabl es 3. 5, 6 and Vc , p.  A 3v). ~ tdn.4ium cuncent rations we ic

approximately 15 L >P’14 ~n 1 . dernissuni 5 II ) ipm in transp lant u i

M. edulis, and 2 ppm in both H. ba ithica and A. m illeri .

A si gnificant increase in Cd concentrations was obser-4t-(I i t

N. succinea at both dredge zone and outer  sts~t i o n s  a f t e r  the second

dredge period (Table 78). A similar increase was not observed dunin~

the fi rst dred ge period. Observed changes were not si gni f ic ant ly

different between inside and outside stations during either dred~ s

period (Table 7A) .

Concentrations of Cd in nat ive  H. edulis increased from 10

ppm to 20 ppm with time at both the dredge zone and outer station ,

but th is  increase was not correl ated w ith either dr ed ging or rain-

fall period (Table 6).

Cadmium concen tra tions in transp la” cd mussels were slightly

hi gher than those in Tomales Bay samp les suggesting an accumulation —

of Cd by these mussels .  it is i n t e r e s t i ng  that  Cd levels in trans-

planted animals did not reach levels observed in native mussels

during this  stud y .  Studies condu cted by Koehn and Mitton 11972 ) have

shown that  H . edu l i s  and I .  demissum from d i f f e r e n t  geograp hic

locations exhibit parallel patterns of genetic variation at homol -

ogou~ loci. This suggests that  d i f f e r i n g  se lect ion pressures  in

different areas would produce popula tions with different genetic

structures . It  is poss ib l e  t h a t  To inal es  Bay m u s s e l s  are g e n e t i c a l l y

d i f f e rent than n a t i v e  H . edulis and that Cd uptake and accumu lat i on ,

— — —. - -~~~~~~4 — , .4- 7 - 
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if it occurs , is much slower in the  transp l anted mussels.

Mean Cd concen trations did not exceed 5 ppm in N . succin ea

during t h i s  s tudy and the range of Cd values was similar to those

reported for other polychaete species (0.1 - 3.5 ppm; Bryan and

Hummers tone , 1973). Concentrations of Cd in I. demissum were higher

than those reported fo r a c losely  related species , Modiol us modiolus ,

from the Atlantic coast (6.0 ppm; Segar et al., 1971), and Cd levels

in H. balthica were within the range of values (1-10 ppm) observed

in other clam s (Shuster and Pringle , 1968; Graham , 1972). The Cd

concentrations observed in native and transp lan ted M. edulis were

wi th in  the range of Cd values reported for this species (2-40 ppm;

Mullin and Riley , 1956; Brooks and Rumsby , 1965; Segar et al . , 1971;

Graham , 3972; and Topping, 1972).

Copper

No si gn i f ican t  d i f f e rences in Cu concentrations were observed

through time or between stations in A. mi lleri , I. demissuin or trans-

p lanted H. edulis and no si gnifican t differences in Cu levels in

na t ive  H. edulis were related to either dredging or rainfall periods

- 
~ - (Table 7A and 7B) .

Si gn i f ican t  increases in the mean concentrations of Cu with

time were observed in H. balthica and N. succinea at both dredge

zone and outside stations (Table 7A , B). Copper concentrations in

H. b a l th ica  increased from 30 ppm before the f i r s t  dredg ing period

to 90 ppm after the second dredg ing period . Concentra t ions of Cu in

I
.4
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N. succinea increased by a factor of two (25-45 ppm) during the

period of study . Neither of the above increases were related to

either of the two dredging-rainfall periods (Table 7A and B).

• The average concentration of Cu in I. demissum was 20 ppm

which is similar to the closely related M. modiolus (27 ppm ; Segar

et al., 1971). A. mil leri had an average of 60 ppm Cu and Cu values

in N. succinea (19-46 ppm) were low compared to the range reported

by Phelps (1967) and Bryan and Hummerstone (1971; 1973) who observed

Cu levels from 20-2000 ppm in Nepthys incisa, Nereis diversicolor,

and another Nereis sp. Copper concentrations appeared to be high in

H. baithica in relation to the reported range of Cu in other estu-

an ne clams such as: Tapes japonica (as semidecussata) (19 ppm) and

Protothaca staminea (8 ppm ) collected in San Francisco Bay (Graham ,

1972) or in ~j arenaria (23 ppm) collected along the Atlantic coast

(Shuster and Pr ingle , 1968).

Copper levels in Tamales Bay mussels fluctuated slightly f rom

5.5 - 9.0 ppm while native M. edulis averaged 12 ppm through time

- ‘ 
except during one collection. The range of Cu values at all stations

through time was 5-30 ppm , which is similar (5-36 ppm) to the range

of Cu values reported by other workers for this species (Brooks and

Ruinsby, 1965; and Graham , 1972) .

-
. Mercury

Mercury concentrations were not significantly different

through time in I. demissum at any station . Concentrations of Hg

-n

‘A
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increased with t ime in na t i ve  M . e du l i s  at s t a t i o n s  bo th  i n s i d e  and

outs ide of the dred ge zone d u r i ng  the first dred ge period and

continued to increase at the s t a t ions  outs ide  of the dred ging area

through the f ina l  col lect ion 28 Apri l  1974 (Table 6 ) .  Mercury levels

in transplanted mussels and in Tomales Bay mussels increased sli ghtly

after  the f i r s t  dred gi n g - r a i n f a l l  period and then decreased with

time . These changes were not correlated with either dredging or

r a i n f a l l  and were d i f fe ren t  than those observed in native M . edu li s ,

further suggesting possible genetic or ph y s i o l o g i c a l  d i f ferences  in

these two populat ions . The mean concentrat i on range (0.17 to 0 .74

ppm) was low compared to Hg values reported in N . edulis from other

locations which range from 1-9 ppm (Segar et al., 1971; Bertine and

Goldberg , 1972).

Si g n i f i c a n t  increases in Jig concentrations were observed in

1. balthica and N. succinea after both dredging periods (Tab le 7 11) .

These increases were not significantly different at stations within

the dred ge zone than at stations outside of the dredg ing area and

hence cannot be considered a resu l t  of dredg ing activity (Table 7A).

A si gn i f i can t  d i f fe rence  in Jig l eve ls  w i t h  t ime was observed

in A. m i l l e r i  at a l l  s ta t ions  a f te r  the f i r s t dred ge period (Table

7B) . Increases in Jig observed at s ta t ions  wi th in  the dred ge zone

were not si gnificantly greater than those observed outside of the

dredging area (Table 7A) .

Nickel

No s i g n i f i c a n t  d i f ferences  wi th  t ime or between stations were

42
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observed in I. dein issu m ,  N.  succinea or n a t i v e  and t r a n s p l an t e d

M. e d u l i s  (Table 711). Nickel values ranged between 1-4 ppm in I.

demissum and between 8-15 ppm in N. succinea. Mean Ni c o n c e n t r a t i o n s

were 2-3 times higher in native H. edulis (10-15 ppm) than in Tomales

Bay mussels which averaged between 4-8 ppm . Mussels transp lanted to

dredge zone stations ranged from 6-27 ppm Ni and mussels at outer

stations ranged from 5-18 ppm Ni.

H i ghly significant differences with time were found in the

Ni levels observed in N. baithica and A . milleri (Table 7B) . The Ni

concentrations decreased significantly prior to the second pre-

dred ging collection in both M. baithica and A. milleri and then

si gnifi cantl y increased in both species after the first dred ging

period (Tables 3 , 5, and 7B) .

These changes were equivalent  at both dred ge zone and outer

stations and do not appear to be related to dred ging activity (Table

7A). Nickel concentrations ranged from 7-15 ppm in both H. baithica

and A . milleri during this study .

Lead

Nean thes  succinea showed no si g n i f i c a n t  inc rease  in  t }~~ n -a:-

concen t r a t i o n  of Ph ( 2 . 5  ppm) w i t h  t ime  and no si g n i f i c a n t  l i f f - r-

ences were observed between s t a t ions  (Table 7A and R ) .  i•ead l c -ve lc

in N.  succinea were comparable to those repor ted for  o ther  s i m i l i r

species which  ranged from 1-6 ppm Pb (Bryan and I u n n - r ~~tone , ~~~~~~

Lead va lue s  remained low ( 1-2  ppm) in Tomales Bay m~i~ ’-~- ls and

43
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mussels transplanted to Mare Island Strait and no significant

differences were observed w ith time or between stations in this

species (Table 78). An increase in the mean Pb concentrat ions in

native N. edulis was observed during and after the first dredging-

rainfall period , hut owing  to the wide variance associated with these

values and the absenc e of a s imi lar increase during the second

dredging period , no comparisons were made (Table 6). The Pb levels

in Mare Island native and transp lanted mussels were relat ively low ,

1-7 ppm , as compared to the range of Ph values  (0.1-48 ppm) reported

by a number of o ther  workers (Chef t e l  ct a l . ,  1949 , Cos ta and ~1olina ,

1957; Brooks and Rumsby , 1965; Segar et a l . ,  1971; Graham , 1972;

Nick less  et a l . , 1972; Schulz -Ba lde s , 1972) .

A h ig hl y si gnificant difference in Pb levels in I. demi ssum

was observed between stations (Table 7B) . ~1ussels at sta t ion  STh had

Pb values nearly twice as hi gh (5 ppm ) as at the  other two s t a t i o n s  
4

before the firs t dredg ing  per iod (Table V g,  p. M 4 ) .  The Pb concen-

trations remained unchanged at all stations through time and th e -

hi gher values at station Sm appear to be unrelated to dred ging

activity. Pb levels in I. demissum appear to be low when conpared to

the levels (33 ppm) reported by Segar et al . (1971) for H. modiolus.

Lead concentrations in M . baithica increased signific antly

after the two dredge periods from 2 ppm before the firs t dredgin g

period to S ppm af ter the second dredge period . This gradual

increas e wi th time was observed at both dred ge zone and outer station

44
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and no si gnifican t differences were observed between theac S t u t i j i

sites (Tables and 711)

The Pb values observ ed in  M. i i a l t h i c a  durl!Ig t h i s  s t i i u y  ‘-cre

similar to lesels reported for other clams in San I r anc i~,cu hay  d u l L

At l antic coast estuaries. The ran~e of Pb concentr ations i it Li-i

clams was from 2—5 ppm (Shuster and l’ringl e , l ) S  ( r f l t i u , l~# - .~ )

A si gn i f i c a n t  decrease in Pb l e v e l s  b e f o r e  the  first died 4 i i~

period followed by a significant increase a f t e r  t h i s  per iod  W a S

observed in A. niilleri at both dredge zone and outer stations (Table

• 78). The amount of increase at stations within the dredge zone was

not significantly greater than increases observed at outer statjons

(Table 7A). Population data indicated that environmen tal factors

were exerting strong pressure on this species during the third

— 
collect ion . Since no specimens were col lected at s tat ions NI and No ,

it appears that pressure was greatest in the upper part of MIS where

the greatest population declines and highest metal concentrations

were observed (Table 5, Fig .12 , p.69 ) .

Selen ium

Selenium concentrations were not significantly different

through time or between stations in I. demissum , native and trans-

planted M . edulis or in N. baithica. The mean concentration of Se

in each of these three species was approximate ly  5 ppm Se.

A signi ficant decrease in Se levels was observed in A.
¼

milleri after the f irs t dredgin g period at bo th dredge zone and out~
.F.
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stations (Table 7B). The decrease was not significantly different

between outside stations and those within the dredge zone (Tables 5

and 7A).

Levels of Se were significantly different through time in

N. succinea (Table 7B) . A si gn i f i can t  increase was observed af ter

the second dred ge period . However , a similar increase was see n

before the f i r s t  dred g ing period and no significan t difference between

dredge zone and outer s ta t ions  were observed (Tab le 7A) . Selen i um

levels averaged 2 .5 ppm in A. m i l l e r i  and 6.5 ppm in N. succinea.

Zinc

Mean concentrations of Zn were not s i g n i f i c a n t l y  d i f f e r en t

through tine or between stations in N. succinea and N. edulis native

to MIS or transp lanted to e i ther  dredge zone or outer stations (Table

78). The levels  of Zn were s l i g h t l y  higher  in na t ive  and trans-

p lan ted  mussels  than in Tomales Bay samples sugges t ing  s l ight

accumula t ion  of this element by transp lanted animals.

i n c  concen t r a t i ons  in N.  succinca  averaged a p p r o x i m a t e l y

300 ppm and Phelps (1967) and Bryan and Ilummerstone (1971) found

s imi la r values  (25-200 ppm) in other species of pol ychnetes . Mean

Th concentra t ions  in na t i ve  and t ransp lanted 1. edul i s  ranged from

100-300 ppm at all stations and were well within the reported range

(40-3000 ppm) of Zn values in this species (Brooks and Rumsby , 1965;

Macch i , 1965; Bertine , and G o l d b e r g , 1972; Graham , 1972; and

Ireland, 1973).
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t e ~ e is of n in I. de-m i ssnni at  stat ion ~T” W O V e  S i  gu i  Li cant lv

g r e a t e r  t -ni at  the two onter s t a t  j u i i s  NV~ and O\C I ( ‘l ab  le  ~ i and

No Si gn i ficaut di iferences through t ine , however , were observed aT

any of t he se  th ree  s t a t i o n s  and tlìc h i g her  ~n l e v e l s  itt s t a t  ion  STh

arc u n r e l  ;tte -~ to dred g i n g  activiti e s. Concent rat ions of ~~ii re1-orted

in the simi lar species Modiolus rnodiolus f rom the At lantic Coast

were  much hig her (425 ppm) thaii observed in 1 . demissum (7~ pp m l

~Iurin~ this stud>- (Segar et a l .  , 1971).

Si~~n i f i ca n t  d i f f e r e n c e s  in  Zn c o n c e n t r a t i o n s  t h roug h t i m e

were observed in ~L. baithica and A. r n i l l er i  (Table  ~ l3) . Mean :m

concentrations i n  ~1. haithica followed the sane trend as Cu v a l ~~e s ;

levels of 2ii increased significantly by a factor of two (300 pp~ to

700 ppm) during the study period (Table 3). There was no significant

d i f f e r en c e  between dredge zone and outer s t a t i o n s  and no correlat ion

w i t h  dr edg in g—rainfall periods (Table 7A) . inc l e v e l s  o b s e r ved  in

N . b a i t h i c a  were an order of magnitude greater than levels observ ed

in other clams from San Francisco Bay , the At lantic Coast and Japan

which ranged from 11-76 ppm (Ichikawa and Ohrio , 1965 ; Shuster and

P r i n g le , 1963; Graham , 1972).

Concen t r a t i ons  of Zn decreased significantly in A. m i f l e r i

before  the f i r s t  dred ging  per iod and significantly increased after

t h i s  per iod . These changes occurred at s t a t io n s  w i t h i n  the  d r e d i ~e

zone and at outer  s t a t i o n s  and no si gn i  f i c a n t d i f f e r e n c e  in n l e v e l s
¼

were observeil tic tween t h & ’ ; e  twu  s t a t  i on c ~ s (‘l ab los 
r and ‘A) .
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Levels of :n in A. milleri averaged approxar 10tely ‘)() ppm.

3. Reverse Tr~~~~~~ ots

The mean concentrations of the nine test metals in M . edulis

collected from Se ihy P ie r , Carquine. Straits and transp lan ted to

Tomales Bay are compared with metal concentrations in Selby Pier  and

Tomales Bay baseline samples in Table 8, p.  55. The resu l ts are

discussed by individua l metals or by metals that behaved in a sinilar

fashion in relation to the rate of desorption of these metals.

The half-tim e or amount of time required to desorb half the

initial excess concentration of each of the respective test metals

in Selby Pie r mussels  transp lan ted to Tamal es Bay was determ ined by

subtracting the concentration of each element in Tomales Bay baseline

mussels from the concentration of the same element in Selby Pier base-

l ine  and tra nsp lanted mussels. The concentrations of the test metals

remained coostant in Tomaics Bay baseline samples and were assumed to

be stea dy S ta te  co ncentrat ions .  The ha l f - t imes  of metals in Selby

transp lants were based on the t nnc necessary to dcsorb one half the

excess concentration of a particular element above this steady state.

The excess concentrations are plotted on a semi-log graph (Fig. ~

p. 58) as a function of time . This treatment assumes the desorption

rate to be exponential. Previous studies of trace metal desorption

have shown most elemen ts are released in an exponential manner

(vounq and Folsom , 1967; Keckes et al ., 1968; Bryan and Huinmerst~~nt 197 ~)

lb I ~ 0.’sj le r im t ’ nt  , a 1t ho)p~h including ;6 mininn is ot ’ observa t ions
NI’.
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and lgnorlnL the possTh~~ e f fec ts  of sa i ir ity prov~ des a rel t :ve

estimate of desorption rates of the eight metals tested .

Silver

The concentration of Ag was below the detection limit of our

instrument (<1 . 0 ppm) in all samples and no comparisons can he made.

Silver does not appear to he concentrated by ~1 . edulis at these

samp le locations .

Arsenic

The mean As concentration was higher (9.4 ppm) in Selb y Pier

baseline mussels than in Tomales Bay baseline samp les (~ . 
(1 ppm) at

the beg inning of the desorption study and dccr ase] slightly (s..

ppm) over the study period. The half-time of As dcsorption in Selby

Pier transplants was calculated to be 32 days.

Cadmium

Cadmium concentrations in Selby Pi er basel ine mussels  were

H 17 times hi gher (34 ppm) than Tomaics Ba baseline samp les (2 ppm)

and decreased to 1~
),3 ppm in 2” olays .  The half time of this element

was estimated to he 2Y days.

I ~- 
Copper

The mean Cu con centr atll ) in 0- elby Pier baseline mussels was

approxima tely S times (23. o lIp !,) hly :l cr than in Tomales Bay baseline

:. 
samples (5.5 ppm) and desorhed to a concent ration of 8.0 ppm over the

test period. The estim ated h a l f - t i me  of [ i  was 9 days.

•11.
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Mercury

Concentrat ions of h g  in Selby Pier basel ine sam ples were

almost 3 times (0.69 ppm) as high as Tomales baseline musse ls (0 .26

ppm) . Mercury concentrations decreased in Selby transplants to 0.29

with a short estimated half-t ime of 7 days.

Ni ckel

Mean values of Ni  in Selby basel ine mussels were also almost

3 times higher (14.0 ppm) than those observed in Tomales Bay mussels

(5.5 ppm) . The concentration of Ni decreased to 7 .3 ppm wit h an

est imated half-t ime of 13 days.

Lead

Concentrat ions of Pb in Selby Pier mussels averaged 10.4 pPm

and were 25 times greater than Ph concen trat ions in Tomales Bay

mussels which averaged 0.4 ppm . Desportion of Pb from Selby Pier

transplants resulted in a concentration of 2 .3 ppm after 27 days.

The calculated half-time of this element was 11 days .

Selenium

The concentration of Se in transplanted and baseline M.

edulis from Selby Pier were equa l (4.5 ppm) , w ith apparently no

-- ‘ -- desorption occurring in 27 days . The mean concentration in Tomales

Bay baseline mussels was 2.8 ppm and the half-time of Se was

estimated to be greater than 50 days .

~~nc

Desorpt ion of Zn occurred more rapidly than any of the other

e lements tested . Zinc concentrations in Seihy transp lants fell from

57

.4
-0

+4—. — -_‘-. S 1’ — ~~‘ — - — - 1’ t’~~~”1’t0— . -. I - — - . . - - -

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

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

________________ 
‘
~ ~~~~~~~~

. ~~~~~~~~~~~~~~~ -



50

‘.04(1 0 • Observed Point —

• Half Init ial In tensit y

~~~~~~~~~~~~~~~~~~~~~~~ Qt iiz 032 d .

~ \~ , 
\

~~ 

~~~~~~~ 

‘

~~

“
\ 

~~~~~~~ ~~~~ 
T.5d.

z
0 - -
C., -

-J 
- 

Ni, —

~ 5 — 1u,a e 12d. - 
—

-

. 

2 -

So , 
~l/2 >SOd .

I I I
0 5 10 IS 20 25 30 35

DAYS AFTER TRA NSPLA NTIoT ION
tigure 8. Desorption rates of some metals from Pt. edulis tr ansplanted f rom

Sethy Pier to ‘tomales Bay. The excess of each metal in the trans-
planted M. 010115  ove r the eqioilihriuas co ncent ration of that .?tal
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174 ppm to sl ightly below Toma les Bay basel ine concentrat ions ( 111

ppm) . ‘I’he best estimate of Zn hal f - t ime was less than 5 (lays.

it is interesting to compare the concentrations of the test

metals in native -tare Island St ra i t  M. edulis , Table (, p.31 , to

Selby Pier baseline concentrations , Table ~~~, p. 55. Concentrations

of the meta ls Ag , As , Ni , Se • and :~ were equivalent , whereas the

concentrat io ns of the metals Cd , ( ‘ i i , J I g, and Pb were considerably

higher in Selhv samp les , probably as a result of past Sineltind

operations at this s i te .

4. Lead in Water and Suspended Particulates

The mean concentrations and one standard deviat ion of Ph in

uncentrifuged water , centrifuged water , and in suspended par t ic u lates

collected at three stations in ~lare Island Strait , before , during , and

after the dred g ing periods are presented in Ta ble ~~~, p. 61.

Tue concentration of Phase I Pb (soluble Ph plus Ph that is

acid extractab le from both organic and inorganic p~irticulates <0 .6u

esd remaining in the supernatc) increased during the first dr eddin~-

rainfall period. A sim ilar increase was not observed during the

second dredge period. Water samples collected dur ing the second

dredge period f6r Phase I Pb determinations were centrifuged for

a longer period , removing suspended particulates >0.2u esd. The

Phase I Pb concentrations were considerably lower(< .O7ppb) before

p and during the second dredging period than during the first period

collect~ c - .s. ~~c ~~
-
~~erce  c~~ an ~r,~-~- ’:aee Phase I Pb in the

S000: i o . i oc ’- --o l - - t ’ r ~s , t i - - .‘~~~~~~ o”.- -:c r - tratlons observed

‘4

:ri ~ 
— 
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during ~ r i s  peri d , o r - . t nt- ( C V I ]  a t  !-~~r ; 1 e!;d0d mater ia l

the sam] lcs (> .d o esd v s . ‘ . - ;  esi) - g e s t  ‘ hat  the f r rs t  dr e dge

period increas es res u l teL t r oo  st ree t  r u i o o f :  or sonic other non—

dred ging 1~~0t as ’~ee ia t ed w ith SuSpC;ided part i cul ates -

Piia- ~e II Pb to ta l  ,tc - id ex t r a c t a b l e  f rac t  ion) concentrat ions

f luctuated durin g thc study per iod r ot were l ot  c urre lat  0(1 o~~i t 1.

dred ge periods or o-:ith ra in fa l l .

Phase Ill Pb to ta l  Pb in suspended e ,i rt icul at es I concent r a—

t ions a r e  pros ented in ‘t able 9 , en both a dr) w e i J t  (ng/ g g ) a o l  a

wet  W~~ j j I t  j og / i  basis . The amount of  Pb a s s o c i a t e d  w i t h

part iculat i-  matter removed from the w a t e r  sa m p les by cent r i f i reat  ion

(Phase III Pb) increased during tire tw o periods of dred g ing and rain-

fall. t h e  values expressed on a dry we i girt lus i  s show a factor  of

increase dnring the t r .’o dred g in :—r a in fa l  I per iods  indicating a

re la tive  e l eva t i on  of the Pb burden in suspended h art i cu 1 at es  d r o r i  op

these per iods .  .\ sinr i b r  Incr ease is observed in Phase I l l  Pb

conce ntrat ion expressed on a W et w e i g ht h i s  is during th~ f i r s t  dred ge

period col lect ions . However , no increase i~is observe d dun : the

4 second collect jo cm iOu suo~~~s j o g  that the i re rease in Phase 111 Pb

obse rved J ur or  ti re Pi r~;t ti re - u - e r r o l  was pe r ha p s - h o c  to an

r ncr ca_ ed tral ls}ro r~ oh l b — r i c h  srosnei i~- d - a r t  t e r m i r o t e ;  into t i~~ - t o - I - ’

area t ror s r r  a ce  r a t

t h e  .i sl ow I - ut  g i ca t c i  ~l; o; dh ’ . ot tg e t o t ; o l 1°; in t :a-

water  C- I r i : : I I o n  t~~~e i c  c o l l e c t  1 0 1 :  5 f l h ,  t S s o u ; * t - w i t h  sus~’ei I r l
*‘.
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l;i m t i c u l a t ; s  o : ;d t i e ~ ~~~~ to ran ~ of h b 0 i  l t a ~ 1 u h f ; : -  in ~.i  t l o r u

or ,u s sc:m h i  ( s i t e ‘ ‘ i rt i c~~T - i t ’  - r O t t e r  -~~~ ( -~~~~~~~~~~~~ I:~ le r : - it uu~T~- ot

~~~ tota l  i!t l ; ) 5 u -  I red II - L scn ted in i~~I o j ~ wa s o - i e r o ] ; u t c d  CL- I O —

tiv c to l ;is(- Il l Ph le~ e l s , l it h one e x - e j t io mu ( I h a s ; ’ 1. du l l ’ -  t 1~~ r :

th e : ‘ - ‘r c-r ;t:I e of Plo u - ; :a c i a t e d  w i t : ;  t ’ e~~- t u e  i i : u -
~es r r ; . ; i r ;ed

re l t  iv e l  cj r ; - ; t a n t  t : r ro i r y l ;  t h e  s I x  coll e ct ro on - -

- 
- It . Re sult s ot I uba t ion -at a

Ore t nvc r t e t r ra tes  tha t r-:e cc c o l l e c t e d  o n )  iderol . j f i cci from

I 

- Mare Island Strait  are l i s ted in la ldo lu , p• ~- 3.  The populations

of the three b~~ i i t r : ic s pe c ies , ‘- I .  balt h ica , h - succinea , and -\ .

oil len, co l l ec ted  for metals anal y s e s , r~e:e monit or-e l at the saL—

t ida l  c o i le c t i o n  s t a t i o ns  ( l o g s .  2 and ) tI roro g hi c - o t  t ee  period - ; I

1 I to , n e r r o  number and t e ce - or  f idenee hIt erv;u 1 of ‘3.

b a l t h r i 0 ; u  c o l l e c t e d  ru , s ta tions , - - ( Id: , 130 , and NP (Fi g. 2) are

~ 
-r e nted ii l ig .  , p. u .4 • No ~o fferences s-crc observed in the

r i r c i :  uter I r- of individuals resen t  at s ta t ions  NO , SO , and 1)0 with

( f l t~~. ‘ t S t  it 1 )’: ~T l , th or -c was to s ig i i if ica :r t  decrease in ti re mean

lOC- or o f  organis ms after th~ second dredging period (Fi g. .~ ) -

Shel l  I c i :  . ; e as ur em ents  were :sa1le to gather dat o on the abundance

o r o, a r m  i t s  ~ :c c l a s s e s  of 1-1 - ijaithica and the dat a  for sta r  lo re-  ~r

and W- a r e  ) - r u - : -o rmr t - I in Fi gs. IO T~—)O .pp. 6~,— ’0 - The p u r i t a t i o n s  at

- 
- ~~. 

these two s;to ’ ions remained ~t a L i e  during t h i s  sl owl y .  Tl data 1:, -

show t he appedrance of smaller individuale it the b em i nn i ; ” o t

i_ T ~i_~ - —-—-~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~ h—-- -



Table 10.

Inbertebrate Faun a of Mare Island Strait
Solano County , California

Ni~ bers 1—7 are codes; see below

Annelida Decapoda
Oligochaeta Carides

Tubif ic idae 2 Crangon franciscortss 6
Polychaeta Palaejno,’r racrodac tylus 3

Eteone lighti 2 Brachyura
G lyc ir rde op. 2 Cancer nagister 7
Harnoothae i~br icata 6 Hemigra rsus oregonen si s 6
Hetero rnastus fi liformi s 2 Rhit.hroI~.r,apeus hot rri sii 3
Neanthea succinea 1,2, 3 Anomura 

- _______

Poly dor ~ lig ni 6 Upogebia pugettensis 6
Pseudu_p lydora kexn i 6
Streblosro,o benedicti 2 )4ollusca
Tharyx l.arvus 6 Bivalvia

Ischadiur demissum

~rthropoda (.Modiolus) 5
Crustacea Macoma baithica 1,2
Ostracoda Moasculus senhousja 6

Sarsiella zostericola 6 Mya arenaria 2
Cirripedia ~yti1us edulis 3,4

Balanus impr-ovisus 7 Tapes japonica 6
Malacostraca Gastropoda
Comiacea — Cwoella_volgaris 6 ~assarius obsoletus 7

— ~be1ifera Odostomia sp. 6
Tanais vanis 6

Isopoda Chordata
Sphaero rna guoyana 7 Tunicata
Synidotea L.aticauda 3 Molgula manhattensis 3

~~~ hipoda
-‘ 

~mpelisca milleri 1, 2
~~ pith oe valida 6

Anisogarrm aru s confer—
vicolus 6

Corophium acher’usictmi 2
- - Cerophiurn irosidrosun 6

Corophiurn sti sop so ni 6
Corop tr’ ~uzs spin icor r.e 6
Corophiuri sp 6
Grandiclirella j000nica 2
Melita op., cf. ni tida 7
Parapleu stes pugettensis7

l used for metals analysis in benthic 6—numbers or biomass of inc ffi—
survey cient quan tity for considera tion

2—used for population analysis in 7—in sufficient abundance for metals
benthic survey analysis but not included because of

3—used for metals analysis from time limitations
fouling survey • Species identified by J. Chaptoan

4—used in transplant study Amphipod identification corififmed by
5—used for intertidal nudflat J. L. Barnard ; polyclaetes by

~~~~eish and molluscs by ~~ . Carltos
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February . inc nriril o,-r ~~1 scalier indivi duals was considerabl y greater

at stat ion tVO t han at s ta t  ion SO at the end of the study period.

The aeon numbers of N . succ inea co l lec ted at stat ions NO, SO ,

DO , and SP are presented in Fi g. 11 , p. 68 . No s igni f icant differ-

ences were detected in the mean number of individuals at these

stations through time .

The population data for A. m i l l e r i  col lected at stat ions NO ,

SO , 1)0 , E l , and SI’ are presented in Fi g. 12 , P. 69 . The mean number

of individuals increased sl ighti>- prior to the f irst dredging-rain-

fall period and decreased si gnificantly after this period (col lect ion

III). A. milleri were col lected at only two stations during

Collection IV. The number of individuals was inadequate for either

metal or population analyses and no individuals were present at these

stations after this period.

Size class data indicate that during the first collection a

bimodal size distribution existed i— ’ith the mean size of individuals

increasing through the third collection (Fig. 13 , p. 70). As

mentioned above , the number of individuals decreased significantl y

after the first dredging-rainfall period at all stations. The data

do not indicate whether this disappearance was due either to dred ging

activit - or lowered salinity or whether the A. m illeri popu~~tions

may not have dispersed en masse from this area. Studies of other

C -. amphi pod species in this genus indicate that entire populations

disperse during the spring in association with reproductive behavior

V
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(Mills , 1963) . S iz e  class analys i s  of Mare island Strait populations

indicates a similar life history in A. miller i . However , if these

populations dispersed during this period the causes are presently

unknown .

V. Results of Laboratory St~~y~

The results of the laboratory experiments on the uptake and

accumulation of metals  by M . ba lthica are presented in Tables 11 A-C ,

and 12 , pp. 72—75. The M. baithica used in these experiment were

collected at station SO during the period between collection IV and

V (Table 1, p.11). The concentrations of Ag , Cd , Cu, Pb , and Hg at

station SO during these two collections are shown in Appendix Tables

II , pp. A 10—18. -

As can be seen by comparing the values presented in these two

sets of tables , the baseline values of Cu and Pb were equivalent t c

the average of the mean concentrat ions of these metals as determined

in M. balthica during collections IV and V.  The baseline values of

Ag and Cd were equivalent to concentrations observed during colic-ct-

ion IV , but baseline Hg values were unaccountably higher than FIq

- - concentrations observed during either collection IV or V .

- 
- 

The pattern of uptake and accumulation of the five metals

by M. baithica differed for each metal. The results of the nine day

exposure exper iment show that Cu was significantly desor bed from M.

-,
~ balthica in the control tanks at the two higher salinities as w i ll - l

Pt.

in the test tanks to which 2 .5 and 5, 0 ppl- c -f  Cu , in chloridi salt ,

was added .
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Table 11 B. Macom~ bai thica Laboratory Study. Results of nine days exposure of
M. balttuca to three concentrat jons of the chlor je salt of Hq. Values
are expressed as ppm dry weight , w t h  95% confidence limits and sample
size indica ted .

Elemen t / Days LX ç O S - ~ rC
Assumed Exposure Mercury 

- -

Tank Nc . Concentration (ppb) Salinity 0 3 9

1 xt 25%. l.92~~ .62 .27 .26
(1.5— 2.4) (.52— . /2) (.22— .3l) (.21— . 31)

5 5 5 5

2 x + 2.5 .54 .42 .57
(.47— . 62) (.29— .56) (.43— .7 1)

5 5 5

3 x + 5.0 -, .87 . 49 .64
( . 7 2 — 1 . 0 )  ( . 4 1 — .56 )  ( . 5 2 — . 76)

5 5 5

4 x + 10.0 2 .31  2 . 5 0  3 . 0 4
(1.8—2.8) (2.0—3.0) (2.6—3 .5)

5 5 5

5 x 12.5%. ‘ . 72 .37  . 2 9
(.41—1 .0) ( . 2 5 — .4 9 ) ( . 2 3 — .3 4 )

5 5 5

6 x + 2 . 5  .88 . 44  . 5 5
( . 7 8— 1 . 0 )  ( . 3 8 — .5U ( . 4 1 — . 69 )

5 5 5

7 x + 5 . 0  1.09 .74  .5 3
( .7 1— 1 . 5 )  ( . 6 0 — .8 7 )  ( . 6 4 — 1 . 1 )

5 5 5

8 x + 10.0 “ .82 .99  2 . 4 4
( . 4 7 — 1 . 2 )  ( . 8 7 — 1 . 2 )  ( 1 . 5 — 3 . 4 )

5 5 5

9 x 5%. “ 1.41 .59 .41
( 1.0—1 .8) (.50— .68~ (.33— 1.5)

5 5 5

10 x + 2.5  2 , 11 .68 .53
( 1 . 3 — 2 .9)  ( . 5 4 — .6 8) ( . 4 0 — .6 4 )

5 5 5

11 x + 5 .0  1 .84 1.05 1.13
(1.0—2.7) (.35—1.8 ) ( . 8 4 — 1  .4 )

5 5 5

12 x + 10.0 5, 5, 4.17 3 . 3 0  4 . 0 2
(3.7—4.7) (2.9—3.7) (2.l— 5.9i

C 5 5 s

* Concentration of Hg in seawater based on values reported in open ocean waters by
by E.D. G~~1dberg in (Hom e, 1969)

** Concentration of Hg in baseline M . baithica collected at station SO (10 , March)
after purging for three days in filtered , 15%~~seawatez. .
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Copper -.~~~e ac~~u i nu 1 a t e - : hv M .  b a l t  t~ica i n  both the  control  I f l I l  t l - ~~~ ’

tanks re c -i vinq oith r 5
0
/
1 00 ~ l-~~w~4 t - -r alone or 5 /oo seawater  ~ lus

10 ppb Cu. Copper appears , therefore , to be- desorbed rapidly at the

higher salinities and lower metal concentrations and accumulated

slightly at the lowest salinity and highest aic-tal exposure cor (- cn-

tration,

- 0/
- : Lead values decreased by a factor of two in the 25 00 con—

trol animals from the baseline concentration (4.0 ppm) but remained

constant in the 12.5
0
/00 and 5

0
/00 control clams . After three days

exposure to x + 10 ppb Pb , only  the clams in the lowest sal inity

(5
0/00) tanks showed accumulation . After nine days exposure , clam s

in a l l  tanks  receiving x + 10 ppb Pb so lu t ions  accumulated Pb above

the baseline levels; with the highest accumulation occurring in the

test tank with the lowest salinity and highest Pb concentration

(Table 11 A)-

I n t e r p r e t a t i o n  of the Hg accumulation data was difficult

owing to the unaccountably high (1.92 ppm) Hg concentration in base—

- 
- _ line M . baithica (Table 11 B). In general , desorption of Hg occurred

t, 

~ . 
in M . baith ica  exposed to x , x + 2.5 , and x + 5 .0  ppb Hg in all three

- - - salini ties. The greatest desorption occurred at the higher salinities

and lowest exposure concentrations. As ‘4.ith Cu a nd Pb , me r c u ry  was

accumulatel by M. balth i ca  in a l l  three s al in i ti es  in tanks r ece iv ing

-
- x + 10 U-L Hg. The greatest accumulation oc -urred in clams exposed to

‘. the lowest salinity (Table Ii B).

Silver and Cd determinations were pertormed only  on the  5
0
/00

p 
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control clams and hvsL-  exposed t o  x ~ j o  1-pb Ac ccl i  Cd in 50
/e-~ ‘~~~~

—

water ewing to l imi t ed  ana ly t i c a l  t i z o o l ) .  ‘Jdc ~cults of tl~~r~~ w o 5 l ; ses

are -presented in Table 11 C. i n c  ~~ it ~~ show t c d l  Aa ariU Cci were accum-

ulated cy is. ualthica above oaseline levcj - , tii v c-r values dn -~~~ I c

after nine ‘.lays exposure and concentrat ions of Cd in P. ba1thi~~a in-

creased uy an order of magnitude during this stuc .- -

Tne r e su l t s  of the t h r e e - w ay  anova f e - st  of L~~i- Cu, Pb , and be

laboratory data are presented in ‘fable 13. The significan t i n t er - —

action terms shown in this table indicate- that the e f f ec t  of one v a t - -

iable on metal uptake was aftected by another variable. The dat- a t i

h g concentrations in N. b~ 1thica during this laboratory study il l us ’ ra~ cs

this point (Fig. 14, P. 7’~)

The l ines on each graph are not par allel , particularly at x +

10 ppb. This graph (which  includes basel ine v a l u e s )  i l l u s t rat e s  t i .

each resultant concentration of H g in N. balthica exposed to toe t O~~~~c

salini ties was dependent on exposure- tine . If these graphs w e r e

imposed to represent the interaction of salinity and concentration

througn time , toe line-s sould  again not be p a r a l le l , i n d ic at i r l q  l i t e r —

4 action or non—linearit y of the effects of salinity and concentiaticn on

the uptake of Hg.

It is clear that , although there were  f i r s t  order  i n t e r -

ac t ions  b e t w e e n  s a l i n i ty , concentration, and time of exposure- on

uptake and a c c u m u l a t i o n  t h r o u g n  t ime , the lower  s al i n i ti es  and h u L l

concen t ra t ions  of the test meta ls  r e su l t ed  in  the gr e - p - s t  ~ s- t ~~l con—

centrations in M . baithica. Conversely, t~~e oireatest c h - s - - r 4 l i i i  ir or n

N. baitnica occurred in those ann als ex ~ os ; -P to t h e  hi gh e-t s-il jni t il - :
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I
This experiment a~ so allowed a study of desorption of the metals

As , Ni , Se , and Zn from M. baithica sxposed to th~ above conditions.

The results of the analyses of these metals are presented in Table 12.

Baseline values of As and Se were equal to the average of the mean

concentrations of these metals as determined in M. balthica from station

SO during collections IV and V (Appendix Table II b and h). Zinc and

Ni baseline concentrations were somewhat higher than values observed

at this station during collections IV añd V.

The concentrations of As , Se, and Zn decreased by a factor

of two at the highest salinity and by less than a factor of two at

the two lower salinities. The least desorption occurred at the lowest

salinity as was true for Cu , Pb and Hg control animals. Nickel con-

• centrations decreased by a factor of three at the highest salinity

and by a factor of two at the two lower salinities. Again , the least

• desorption occurred at the lowest salinity (Table 12).

The results of the Laboratory Uptake Study show that , in M.

baithica , uptake and accumulation of the test metals , if it occurs, is

greater at lower salinities and during exposure to elevated ambient con-

centrations and that greater desorption occurs when animals are exposed

to higher salinities.

4 ,
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SUMMARY AND CONCLUSIONS

The effects of dredging activities in Mare Island Strait on

the concentration of nine heavy metals in sediments and invertebrates

were studied during September 1973— May 1974. The concentrations of

the metals Ag, As, Cd , Cu, Hg, Ni , Pb, Se, and Zn were monitored in

surface sediments and the invertebrates Macoma baithica, Neanthes

succinea, Ampelisca milleri , and Ischadium demissum collected from

stations adjacent to and outside of the dredge zone before, during , and

after two dredging periods.

• Mussels, Mytilus edulis, were transplanted from Tomales Bay to

stations inside and outside of the dredge zone in Mare Island Strait.

Changes in the concentrations of the above metals were monitored and

compared wi th the metal concentra tions observed in native mussels in

Mare Island Strait and at Tomales Bay. Mytilus edulis from nearby

Selby Pi er were tra nsplanted to Tomales Bay to determine the desorp-

tion ra tes of the nine test metals over a 27 day period .

Lead concentrations were monitored in water and suspended par—

• ticulates collected before , during , and after two dredging periods.

Analyses were performed on raw water aliquots and on water that was

-. was centrifuged to separate suspended particulates.

A laboratory study was conducted to determine the effects of

salinity and metal concentration on the uptake and accumulation of the

chloride sal ts of the metals Ag, Cd, Cu, Pb , and Hg by M. baithica.

The clams were exposed to three salinities during this nine day experiment .
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• The following is a list of conclusions based on the results

of the above studies:

1. The two periods of dredging activity coincided with the two
periods of heaviest rainfall.

* 
2. Salinity decreased greatly in Mare Island Strait during the

period of study, with the lowest salinities being observed
at stations further up the Strait.

3. Metal concentrations in sediments and invertebrates fluct-
uated during the period of study. With the exception of
Ni concentrations in N. succinea, no significant changes in
metal levels were associated with dredging activities. The
results of Ni determinations in N. succinea are question-
able because of the high probability of f inding a significant
t ratio, at the .05 significance level , from a population of
t ra tios as large as is presented . Further , the changes
were significantly greater at stations outside of the dredge
zone suggesting that, if anything , dredging inhibits Ni
accumulation in this species.

4. Concentrations of the metals Cd , Cu , Hg, Ni, Pb, Se, and Zn
were generally two to three times higher in native M. edulis

• than in Tornales Bay controls during this period .

5. Metal concentrations were not significantly different in M.
• edulis transplanted to stations within the dredge zone than
• in mussels transplanted to stations outside of the dredging

area during any collection.

• 6. Mussels transplanted to Mare Island appeared to accumulate
• the metals Cu, Ni , and Zn above Tomales Bay control concen-

trations. However , no metal was accumulated by transplanted
mussels to the levels observed in mussels native to MIS.

7. Desorption of the metals As, Cd, Cu, Hg, Ni , Pb, and Zn occurred
in M. edulis transplanted to Tomales Bay from Selby Pier during
theTh7 day desorption study. The order of desorption was
Zn >.Hg~~Cu >Pb).Ni>Cd>As. Selenium did not appear to desorh
from this species.

B. Concentrations of Pb in uncentrifuged water and in suspended
particulates increased during the first dredging period . Com-
parable changes were not observed during the second dredging
period suggesting that the observed changes resulted from sur—
face runoff.
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9. The results of the nine day laboratory study showed that the
greatest uptake and accumulation of the chloride sal ts of the
metals ag, Cd , Cu , H g ,  and Pb occurred in M. Baithica exposed
to the highest  concentrat ions  of these metals in the lowest
salinity water.

10. The greatest desorption of the metals As, Ni, Se , and Zn
during the nine day laboratory study occured in N. baithica
exposed to water with the highest salinity .

11. The results of a three—way analysis of variance of the labor-
atory data showed significant first order interaction between
salinity and time , influencing the concentrations of the i~ietals• Cu, Hg, and Pb in N. baithica. Significant interactions were
also observed between salinity and concentration , influencing
the uptake and accumulation of the metals Hg and Pb by N. baithica.
These data support the observations that the lowest salinities
and iiigriest metal concentrations resulted in the greatest metal
accumulations in N. baithica.

12. The increases in concentrations of the metals Ag, Cu, Fig, Zn
and to a lesser extent Pb in N. baithica at all stations after
each period of dredginj and a general increase in these con-

• centrations during the study , correlate well with the results
of the laboratory study which showed the greatest uptake of
metals to occur at the lowest salinity . The heavy rains
during each of the two respective dredge periods resulted in

• marked decreases in salinity at those times and a general
decrease in salinity during the study .

the data obtained during the field studies indicate that the

collection and analytical methods employed during this study were re-

• producible and sensitive enough to detect small natural fluctuations

in the concentrations of the nine test metals. Therefore , if changes

in the concentrations of these metals occurred as a result of dredging

activities , the changes were either less than these small natural fluc—

tuations or were of snort duration .
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2 5 3 S 7

50 1.4 1.0 1.5 1.2 1.3
(1.0 3.1) (1.0—3.0) (1.3—1.6) — (1 .5—1.9)

0 3 4 5 S

40 1.0 1.0 1.4 1.2 2.1 40.1
(0 .4-1.4) (0 .0 .5 . 4 >  (0.1-LI) (O N—i .E — —

6 7 7 4 1 3

1.4

TI 1.3 1. 1 1.4
(1.0.2.7) (3 .0.3. (0.6-2.2)

4 4 1 ,

10 1.1 1.0 1.0
(1.1 5.4l (0 .0.3.0)

ox a.o 1.3 ii 0.3 3.0
— (0.6-2.0) — (3.5.-). ’) 12.7 7 .N5 (1. 7—4 .17

1 4 2 9 3 4
k- -

40 3 5  2.5 1.1 1.4 3 .1 1.4
(i.6-3.S) — — (0 .4— 3 .3 5 (2 .3—4 .0 ) (1 . 1— 5, 7)

3 2 2 S 3 5

II 2 .2 2 . 4  4 .0
>1.4—2.1)

3 3 2

40 3.4 1.9 1.0
(0.9-2 .0)

3 3 3

51 2.6 3 .5  1~ 1
(1 . 6 — 3 . 5 )  (0 .4—3 .0 )

3 9 3

40 2.3 40 . 7 4,0. 7

9’O .- --I. --
I 4 3

5p 3 .0 1.4 3 ,0  1.9 0.4 5 . 6
(O N—I l) (1 . 0’ .I.S) 10 .9.3.5) ( 1 . 0—3 . 1) (2. 7— 4. 3)  (1 .0 - 1 . 9 )

0 0 4 9 3 4

~~~~3t16, S335. .0 .0  0 0 . 7 .0.1 .0.7 • 0 .S • o . 1

•N!4~_18N ~~ 6054.30. 11*51.
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Table h Id. ~~ 61 00.510010115010 50 0% 487 .0596.. 953 000154.0.. 11811.460 00551* N I  0011405505 ..h.d.l ..

N— ~~445~35! 3303142%
115.11 (04440
5655 S0 .% 73 22 73 22 0% 73 11 344 74 25 4 ,  74 19 *534 74
5611 011185 I II I I I  (V V VI

$165248 II 35.0 33.9 39.4
(17 .5—34 .41  (20 .7.27 .0) (27 .4—31 .3)

3 4 4

40 30.3 20.3 25 5 34.9 33 .9 i S o
115.1 -23 .3 )  >19. 1-21 .4> (32 .4—77 .0) (27.0—35.17 (3 1.7—40. 5) (31 .2— 20 .4 )

3 4 IC 4

II 35 .4 2N .4 37.5 35.4 36-5 43. 1
113.4.09.2) (21.S—3 S .0) (59.5 -25 .3)  (14 .7—32 .9)  (05 . 0—42. 9)  )41Ii-I41.1)

9 6 4 5 10 N

40 3 6 - 7  43.1 33.S 33.0 59.9 51.5
(34 .5—4 2.5) (37 .9—46 -4> (35 .4-34. S) (35 .3—4 6 .7) — (4 4. 2— 57. 3)

4 7 7 5 1 9

50-0 43.4
(04I4~ 74 3l

7! 23 .0 97 .7 25 .2
>21 .2—20 .11 (31. 7—4 9. 7) (22 . 2— 29 .3)

4 4 4

30 30.2 07 .0 31.4
(10.0.39.9) (21.0. 33.0 )  (54.4-25.0)

2 4 3

02 IS- I  34 .2 l O S  32.4 31.4 45.1
— (10.S—30 .0) (39.0-36.6) (30.3-34 .3) (13. 1-51.6) ()2 S 36.I(
1 4 3 4 1 4

44 24.0 00.7 34.4 23 . 2  41. 7 29.3

(33. 7—O S.) ) — 11.6.14.2> ) ) 5 . 7—3 S .7( (3410- 44.9) (24 .2—3 3 .9)

O 2 4 5 3 S

51 25 .5 59 .0 35 .5
(14 . 5—24 .9) >5 4 .1— 2 1.51  >11.4— 30.5 )

3 2 2

19 2 17.0 55 . 4
> 9 . 1 — 3 ) . ) >  ( 1 4 , 5 2 0 . 0 (  ( 5 6 . 0 — 5 4 . 9 )

3 3 3

50 13 .3  3 1 . 1  14.0
(54 .4 .3* 1> (30.3-24. 0)

3 7 4

40 30. 7 57 7 24 .5
7.10 9) (33 , 3 -37 .3 )

5 7 4

39. 5 56 . 7 33 .3 47 .5 45 .0 00.3
l)U.5 40.0( (55 .0 54 . 4 )  > 3 5 . 1 — 3 5  NI (39.3 -91. 7) l31 .N.49.)) 45 .7—46 .5 )

0, 9 6 10 0 2 4

~~ *t175 90353 • ) .I .5.3 . 53  • 5 .3  . 5.5 .1.)

5, 1 • 13916541 000114.sCI (Salt.
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Table tIle. ~~.a ooao~~t’*1,0. 55 0% 8151 .554.1. 939 o 0(54~~ 0s Ital ts .60 •~~~1s 5146 05. 0.5141 05 515.44654.

6506546 ~~022~~~ !2002~0~~S15.1 551601
0011 $ ONS 7) 23 000 1) 22 0% 73 Il 44 14 20 4558 74 19 653 74
0151411121$ I II III IV V

10*1118. 51 14 9 .0 11.5
IS.9-12.S) (7 .5.10.0) (7 .2.44.2)

3 4 4

40 30.2 4.4 17.4 9.0 7.3 7.4
US 4—33. 3 ) (7 . 7 .15.0) (16-4-54 .)) (4.0-10.5) (2. 7—11 .7) (3. 7—10. 4 )

3 4 I S 3 4

51 2).) 101 9.0 1.1 4 .6 25.6
(3-I S—Il l) 17.1—1 2.3 ) (6-6.16-0) (4 9.7 .3) (3 .4— 7 .4) (15 .4—34.3)

4 5 1 3 20 4

40 LI 14 .4 3.9 4.3 4.5 7 4
(2.4-9.1) (5 3.19 .3 ) ().1 3.4 ) )S .1—7.2) —— (4 4— I0.1)

• 0 1 3 1 9

40.0 4.4
)4 .2’4.O)

TI 16-0 12.4 5.1
(9.4—24.4) )9. 4-14.N) (4.4-11.1)

3 4 4

30 31.2 29.3 5.4
(1.3—31.0) (14. 1—34.9) (3.6.14,3)

3 4 3

DI 11.0 4.1 16-7 12.2 14.4 9.4
— (2.3.4.5) — (10.1-13.5) () .4 25.5) (5 . 24 3 .3)
I 4 2 5 3 4

00 17.1 12 .4 14.0 10.0 4 .5 N. )
(14.3.00 .1) ( 2 . 3 — 3 4 . 4 )  (1.1—22.21 (4.5—12.3) (0.0.17. 1) (5 . 3 — 5 2 .3 1

O 2 4 4 3 5

II 4 .0  4.5 9.0
(3 .9-7.5) >7.5—12.0)

3 3 2

$0 5.5 3-S.) 24.1
(3.9-1.4) (7 .9—23.7) (IS.1—30 .7)

2 2 2

II 11.3 1.0 5 5
— (4 . 3.4 .5) (7 5—10.3 )

2 7 4

44 5.4 3 .5  14.5
*5. —— (3 .3-4.4) (3.4-36-9)

1 7 2

23 .S 2.) 10.7 U T  4.4 52. 7

(5 .3-34.4) (2 .4-4.4)  (7.9-13.0) (5.3— 14.0) (2.1—1).S) )S.S—1I .4)
3 6 10 1 3 0

~~~~1.laq 65305 ~ 
1.0 ~ 1.1 ~ 1.1 5 .0 ~ 1.1 •

SNIIISVI 0.0014400* 1)511.
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Table lIlt. .~ ooIIc.,11,05110, 15 P39 ~~~ 
.11061, 135 ,of1d.~~. llnStN .214 445511 5518 ,1. 0011.0110, 003-.dll. .

03.15.0 03 100! •003Sfltl
l10%*t 1414
0518 I 011 73 22 013 73 23 409 73 11 306 74 2S 5~~ 74 15 0% 74
151110,9505 t II III IV V 152

51.5101 SI 4.0 2.4 4.)
(2.0—4.1) (1 0.4.3) (3 .4 .4.3)

3 1 4

40 2 .4 3.2 4 , 3  ( 3 . 3  1.9 2_a
(1 .7—3 .4) (1 . 9—4.1) (2. 2 .4.) )  ——— ( 1 .2— 2 .00 (0 . 7—3 . 6)

3 3 7 5 3 3

40 9.) 5~7 5.6 2.2 4.1 1.0
(3 .7— 13,3) (4 .2— 7. 2 )  (2. S— S. 5) (1.)—2 .S) > 3 . 2—3.9 )  (3.6.1.5)

5 6 4 4 10 5

40 1.4 5.9 4 , 1 . 3  ~ 1.3 2 .1 3. 0
(0 .S— 2. 0)  (4 . 2—0.4 )  ——— ——— —— (1 .0 — 3. 0 )

4 7 5 4 1 9

50.-0 2.7
• —7 .0)

TI 1. 5 0 .1 2 7

(0 . 7— 3 .N( (0.4—9.4) (2. 3-4. 7)
1 4 I

30 3 , 4  9,3 5.5
(0.4—I.)) (3 .4— 7. 9 )  I • 6-9)

2 a 0
•1 

01 3 3  3 .2 4 . 5  2. ’) 5 4  3 7(5 , 9 - 3 , ) )  ‘~~ ( 1 .2— 2 .4)  (1.0—S I) (1.1—3.255 2 6 3 4
40 5 _ N  7 . 5  3 . 9  2 . )  2 .4(9 .54 .0 ) ._. (2. 2— 0 .4( ((.0—3.2) (1.5—1.3) ( ( .6—1,6 >

2 4 3 3 S
II 3 . 1

40 4 ,1.2 I N
—— >0.1—3 . 0)

3 3 2

NI 1.5 2 .4  3 , 5
(5 . 6—3, 1> (1. 0.4 5>

2 7 4

(5 . 5  3 .3

53 1.5 3 .0 3 . )  3 . 3  (I 4(1 .3— 5.4 )  II 3-2 8) ( 2 . 5 4 . O (  12 .0— 4 . 4>  (1 ,4—5 . 7)— 9 5 9 4 2 4

(0~59IL04 511.o 1,1 1.2 
~~~ t .~ ± 1 . 5

• 1131 0 s054.iso, 5 53453 .

7*1
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Tab le 111g. *58~0 0.1518.02181145 15 953 4.y 4110%. ‘Slsf,44.w. 51811. 6.1 5944(~ 51I~ 41. 001140110. .4444156-

51401.. 
~~~5034

81551 1150.
0415 5 00% 73 22 Ost 73 32 40. 73 11 1506 74 245 74 14 853 74061105505* I 21 III IV V VI

51.1255 44 3)4 005 741
(111—400) (344—7 74 ( (306-1100)

2 6 4

40 202 243 211 252 34 3 243(ISO—34S) (193—299 ) (175—347) (2U—)32( (120—946 1 (313—273 )3 5 7 10 3 4
02 327 557 449 341 747 354(241—414 0 (131—47S) (150-715) (2S2—4$S) (S15-4ISI (313—4*4 )0 4 4 5 10 5
40 134 209 1N7 204 270 234104—356) (147—352) (1)7—234) (75—340) — (142—203)3 7 7 13- 1 I
00-0 . 347

(115.374)

5 0
TO 304 215 415

(311—402) (1)7.441) (022—000)
4 4 4

10 524 311 235
— (223— 351) (127— 331)
3 4 2

3) 077 379 427 040 792 329
— (214— 442) (395—359) >33S—SES ) (540—1045) (444—4 12)
1 4 2 4 2 4

44 174 330 281 3S4 231 320
(131’321) — — — (100—431) (202 —363) (1231~3I2) (354..374(

0 2 4 4 3 S

II 140 - 399 479
(157-9301 (404—992)

3 3 2

40 133 337 274
(37.335 ) 113I-S42( (354—210)

2 0 3
8 

51 435 157 364
(342—4 73) 1 )50—475) (163.911)

2 7 4

—. —. (194— 215) (520—3)7 )
1 7 2

$0 015 30* 322 349 453 293
(104—337) 1241—3 4)) (347—314 I (2)6—3 11) 1314—770) (156— 5001

5 4 10 1 3 4

~~~~U39 $015521 t 3 t 7 t 3

p l

S. • 5654153* 013I15441%15 (185%
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Table IlIb. ~~~~. .008..tsslL.s 1, ~~~ 4217 
*15961. 959 0.6(14.00. 11*118 *60 58031* .15. 00. 0011.01100 003-4115. .

51051.0 0334)03! !0I1A~~$5~~~~~
t 6.111580

0518 5 011 73 33 0311 73 22 0% 73 11 1506 74 20 568 74 13 *915 74

0.110.1.50. I II (II IV V VI

$181155 50 6.5 7.1 0 .4
(5 .1 7.5) (9.3 1.0) 14.1-1.0)

3 5 4

40 6,3 4 .9 9.5 7.0 6.3 6.5
(5 .5—4.4) (S . S — 7. 2(  (4 .5—7 .) )  (4 . 3— 7 .4) (4.4.1.2) (6.0. 7 .4 )

3 5 7 10 3 4

NI 3.1 6.7 0 4  6.2 6.5 6.0
(4 .1—4.1) (9.3 .N.2) (3 .4 - 7 ,5 )  (3 .3—7 .1 )  (4 .0— 7.7 ) (4.1— 7 .4)

1 6 4 0 10 5

44 3 .3 7 .1 7 1  5.4 9.4 4.0
(3.5.5.5) (4 .0-S I) (6.2.1.0) (4.3— 1 .0) (3.6-6 .3)

5 7 7 5 1 9

009 
7.4

(6-5.1.2)

71 7.0 5.5 5.2
(6.4-9.0) (7.2-50.1) (4.1.4.4)

4 4 4

1..
’ 10 ~~~ “~(4.4-U.)) (4. 14 .5)

3 4 3

DI 4.4 5.5 4.7 ~ .0 7 .1 1.1
(7.3 — 10 .4) (6 . 2—7 .7 (  (2.1—13.6 ) (3 .2— 9.0 >

I 4 3 4 3 4

44 6.0 12 .0 5.7 6.0 S N  4.9
(4 .5.7.2) — (4.6’ .5.5( (5.0—U S) (4 .4—5 1.1) (4.3-7.5)

3 2 4 S 3 S

51 4 .2 5.7 7 .1
—~~ (7 .6.3.5)

2 3 2

40 4 .4 4.S 4 .5
(3 . 4. 10 . 3)

3 3 3

St 0.3 7 .1 9 .4
(1.4-5.4) ( 3 . 4 — 4 . 3 )

3 7 4

40 4.5 4 _ 3  4 .3
(0.0-4 .4)

1 7 2

NP 1.5 5 .0 6.7 3. 7 1.9 1.6
12.1-4.6) (4 .2 — 7 .4)  (4 . 0 — 7 .3 )  (4 . 4 — 1 .0 )  (4 .9-11.2) ( 3 . 3 — 7 . 5 >

1 5 10 3 4

‘

5

15341104 653*0 ± 0 .4 t 0~~ ±0 .4 ±0 .4  • 0.~ ± 0.9

0*’)
10441241 051554.0.5 15*15.
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Table lii i. 5610 .1ss1.n121.1515 5~ ~~~ 
b y  .1196. . 99% ol.154*so. 11811. 141 051. 1551 IN. 4111100,115 •Ch~~~1..

5.-i- 033410!! 0E!~~~f l at  50.0.217
341* 5 031 73 2) 0111 73 22 56* 73 10 144 74 35 551 14 19 0% 74
06121511545 I II III TV V VI

S1815*I 52 .2)0 .151 .34 )
5.205. 3)2) ( .147— 195) (.213- 274)

3 1 9

40 .170 .100 .134 .3-N) .353 .2)1
(.134— 203) (.134. 162) ) .1S3 .205( ( . 5 7 1— 192) (.214- 354 > (.144 295)

3 5 6 10 4 5

II .159 .193 . 204 (NO .259 .293
( .133- 223) (.143- 16)) (,149- .359( ( .114 .1515 (.245— .273) ( .229— 211)

0 7 3 3 10 N

00 .107 .142 .197 .143 . 20S .154
(.097.. 117) (.117—1 57) (.173— . 221) (.512. 164 > (.175 . 242) (.165.. 201)

3 5 5 S 3 4

TI .140 . 152 . 209
(.115- .117) (.142 .222) (.175. 240)

3 4 4

10 ‘ 570 . 204 .147
( . 14N— .1511 (.5S 4— .203) ( . 137— 154)

2 4 3

31 .196 .204 . 240 .247 .514 .339
(.170— .322( (.230. 255) 4,3)). ,557) (.230” .)44 ( ( . 221— 700) (.2N7 — .341)

3 3 2 4 3 4

44 .231 .194 .3 S0 .193 . 254 .224
(,303_ ,253) ( .174- 213) (.OSS’ .212( (.155. 300) (.211— .357) (.21) .239)

3 2 3 6 3 5

51 ,1~ 7 .194 . 242
(.169. 326) ( .155— 215) (.246- 279)

3 4 2

40 .19) .1)1 .3-IS
(.13 6— 110) (.109- 170) (.111. 22S )

2 3 4

51 . 151 .144 .200
( .143. .1?4) (.129- 164 ) ( . 17 7— . 222)

2 9 4

44 .121 .141 .259
( 533. 553 )

1 9 I

— $0 .114 . 5 4 3  .159 .233 .272 .230
(.124- 154) (.100’..154 ) (.571- 200 ) ( 114. 274) (.3 S5— .2S91 ( .219- 241)

5 4 11 7 4 5

‘I
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Table IVa. 1.400 0051...325155* 2, 
~~~ 1217 *51961, 155 colt 54.10. 11.1515 .41 .51. *15. 0.. 10(10.0111 04*8411. ,

0~..I.. 140105108 !k.)A0i(~515.S Si)~~~
041. I 050 7) 22 031 7) 22 510* 73 15 1544 74 2* 0% 74 (9 *53 741511.1500, I II III IV V VI

51.5.555 II 1.1 1.4
(0.9-i S) (0 .4 -1.1> — -

4 ,

40 0.5 5.0 -——
(0 .2 — 1.4 )  (0 .6—1.0 )

5 0

II 1.0 0.5 1.0
(0 .6-1.4) (0 .7—1. 2 ) —

S 3 1

00 —— 1 2  —
TI 0.* 0.5 1.1

( 0 7 1 .L) (0.6-1.1) — —
4 9 3

10 0.3 6-7 1 1
(6-0—1.2) (0 .4—1. 4)  (0 .7—1. 9)

1 4

01 0 6  3.4. 9.9
(0.1-0.5) (0.0-0.9) -—

3 1 1

44 0 9  1.3 1.4
(0.0—1.)) (0 .4—1.9) (0 .3—LI)

0 0 3

II 1.1 0.5 1.3
(0. 7—1 .4) (0 .9—1 .0> (0.5-1.5)

5 1 S

40 0.6 O N  1.4
( 0 . 3 —1 .0) 0 . 3 — 1 . 3 >  ( 1 . 2 — 1 . 7)

3 1 3

NI 0 .5  O N  1.0
(0 .3.0 .1) (0 .1.1,)>

9 3 2

40 0.5 0. 7 1. 2
>0 . 4— 5 .5 )  (0 . 4—0. 9 )

O 4 2

11 0 . 7 1.0 1.0
(0.0-1.9) (0,6.1.2) (0 .4 — 1 .6)

S 9 4

5150521 ± 0 . 1

P ~~ 190. 15531 30151*1 115*0 20,11681211 (II ( N 4  5ol~~t1co 1.15).

0*1
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Table IVb - ~~~~ 0050.11.0N1510 50 953 4 ’y  .1 1961, 999 155014850• 5)_Ill 584 051 .0(18 01. 44(1101200 .di-o1 ..

5530554 5434L1081
81501 1090.51
0514 N 03t 7) 22 011 73 22 40* 1) 3-1 144 74 2S 55, 74 19 0%
0011501211 I II Ill 79 V VI

41.1155 41 2.4 3,1 —
(1. 34 . 4 )  ( 2 . 5— 4 .9 )  1’

• 3

40 2 . 3 3.6 —-

5 
(1 .5-2..) (0 . 2— 4 .0 1 ——

9 10 —

31 4 . 7 3 .0 5.1
(5.1 5.2) —— —

9 2 1

NO - 6-0

VI 4 . 2  3 .3 5.9
(2 .5—3 . 1) ( 3. 5— 4 .4)

4 0 2

¶0 4 .4 4 .0  5.7
(4 . 1—5 . 27  (3.5—4 .1) (2 .5— 7 .6 )

O 10 4

DI 4 .2 3 .2  4.0
(3 , S—4 .9( (3 .5— 4. 9)  -—

10 10 1

00 3.5 5 .0 5 .2
(3 . 2 — 4 . 3 )  ( 3 . 6 — 4 . 3 )  (4 .S—9.S (

10 7 5

II 4 .1 4.0 4 .4
(3 . 44 .0 )  (3.1—4.3 ) (5 .4-4 .3)

10 10 3-0

40 4 .4 3 ,5  1,4
(4 .6-4.1) (3 .3— 4. 1) (4.9-6.0)

9 10 50

VI 5 .9 4 , 3  4 , 3
(9.04.6( (3 ,9-4,6)

9 10 2

44 4 .2 4 ,1  3 .4
(3,4-4. 1) (3,4- 1.4)

0, 
10 10 2

59 3.~ 1.9 4 .4
12.0.4 .51 ( 3 . 5 — 4 . ) )  (3 . 1—4. 2 )

5 9 1

• 01*55155 $8310 ~~ 0 .U • 0.5 • 0.7

I
40 091055.11 30• *Vt 0(001 005(001211 (II (511 9.9551.1500 1815).
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Table IVc_ 2155, ~~,c.. 5I0t110 10 ,1* 2110 .01691, 95% conIS dI000 llSSt I .04 ‘ 5 1 - 001 1.CtSOa 0,04401..

---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1900168 (~~~517011 551 3-~~
1 5 1  Cal ,.
Dot. N Oct (5 22000 7) 24 c 70 (1 1506 74 l O b s  74 13 .~c (4

0611.01168 I SI SI! IV V VI

510021.0 II 
( 1 .0 ,3 , 1 )  (1.5-1.0) —- t

51 3 .4 3. 7 —
(1. 1.3. 5) (3 . 1—3.0 ) ——

S S —

II 0 .4 5.1 1.2
(1.0’2 .S) —. —

3 2 1

NO — 0.0 —

TI 2.0 1.9 1. 7
(1 .6—3 .4 ) (1.4-2.1)

I S 2

71 2.1 3 .4
(3,3-1.0) (1.3-3.0) (1.7— I ll

3 1 4

05 2 .5 3.5 3. 0
(2.1—0 .0) (1 .9 -0 ,0 )  ——

3 S 3-

3.1 1.7 2 .3
(3 . 3.3.9) (1, 6.0. 0) ( 2 .5 - 3 . 2 1

3 3 S

2.1 2 .4 2.9
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