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1. SUMMARY

Basel i ne sanple collection of water and sediment for the Qul f of
Al aska and pering Sea has been conpleted and some biota sanples taken
from these regions have also been received. Only data for Cd, Cu, Zn,
Cr, and Se (and some Hg, Wi, and Pb) are currently available for a number
of water and biota sanples. In addition, archived sedinent sanples from
t he Beaufort Sea have been analysed, and a nunber of granulometric and
clay mneralogy data for the surface sediment fromall regions are in-
cluded in this report.

The contents of trace metals analysed to data in the water show no
anomolous trends and are as low (or lower) asin other reported data sets
for open-ocean, uncontam nated regions. Mytilus and Fucus contents are,
in general, lower than for other reported coastal areas. Sone initial
comments regarding the sedinment grain size and clay mneralogy data are
included. A detailed analysis of the heavy netal distributions in these
Al askan coastal areas cannot be given. until considerably nore analytical
work has been conmpleted. W would tentatively conclude that sufficient
wat er and sedi nent sanpl es have been collected in nmost parts of the Qulf
of Alaska and Bering Sea, although nore detailed collecting will be re-
quired in the coastal zones and river discharge regions. Insufficient
biota sanples are available at this tine and the Beaufort Sea has been
essentially unsanpled. Fromour data in hand it woul d appear that the
Alaskan OCS m ght well, at the present tinme, serve as a type exanmple of

pristine coastal waters as far as heavy netal distributions are concerned.



[ INTRODUCTION

A, Heavy Metals in the Marine Environnent

The term “heavy netal s” can be variously defined. In the broadn ; sense
it includes all those elements which are present in sea water in trace amounts;
usual ly less than pg/l quantities. In an environnental inpact study of this
type we have naturally confined our attention either to those metals which
have known pollutiocnal- properties or to those which may serve as index metals
for petrol eum geochemical reactions or functions. These heavy netal s need
not be insignificant conponents of the natural geochemical and ecol ogi ca
cycles; they are present in trace amounts in solution because of high reactiv-
ities in this phase which tend to partition themonto or in th: coexisting
solid phases. The inorganic sedinents constitute the largest repository but
the contents of netals held in the biota, while being, in general, quantita-
tively quite mnor, are of particular concern to man.

The inportance of sea water in this study again lies not in the absolute
anounts or concentrations of metals held in solution but inits role as a
nobi | e phase through which, and with which, these trace constituents can
mgrate. Mddem trace netal research is concerned with the reactions govern-
ing the partition of metals between the various phases, but also on the rates
and routes of the netals between reservoirs; on the kinetics involved. (One
characteristic of major inportance in this respect concerns the chem ca
form (chemcal speciation) of the netal in solution. Sea water is a highly
concentrated and conplex solution. The heavy netals tend to form conpl ex
coordi nation conplexes in this nedium and these reactions strongly influence
transfers between the liquid and coexisting solid phases. As a sinplification

for exanple, it can be considered that the major ions are bound to abiotic



solid surfaces by relatively weak coulombic forces, whereas transition netals
may be adsorbed by specific (usually protclysis) substitution reactions.

Such fundamental differences between the major and minor sea water components
result in uptakes of the trace metals of considerably greater magnitude than
would be expected from basic sorption theory.

Uptake of heavy metals onto, and incorporation into, the marine biota
is clearly a considerably nore conpl ex phenonenon than sorption onto sedi nent
and detritus. The initial removal fromsolution onto gill and gut surfaces
may be sonewhat anal ogous, but thereafter, transport reactions within the
organi sm are exceedingly conplex and frequently poorly understood. These
intra-organism reactions are specific to each element and the “steady-state
concentration” devel oped for each organism-- which may be many orders of
magni tude greater than in the coexisting sea water -- is the difference between
a conplex series of assimlation and deputation processes.

Sol ubl e i norgani c conpl exes overwhelmingly predominate in sea water.
However, considerable attention has been given in recent years to the role of
organi ¢ ligands. The heavy netals shoul d, and probably do, forma range of
extrenmely stable organo-metallic conplexes in sea water; the quantitative
i mportance of these nust, however, be very slight because of the exceedingly
| ow concentrations of soluble organics in "average" marine waters

This brief discussion has so far enphasized renmoval nechani snms of the
trace netals fromsolution. This is a justifiable enphasis because the
residence tines of these elenents in sea water are very short. Al though the
net transport is to the sedinents, there are localized but inportant reactions
acting in the reverse sense: To remobilize heavy netals from the solid phases

into solution. Regeneration of these el enents acconpanying the oxidation and
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di ssol ution of organic detritus nust be assumed to generate spikes of

anomal ously high soluble contents within oxygen-minimum |ayers, although
such have not been verified <n situ. Mre inportantly perhaps, such re-
generation is likely to be in the formof (potentially nore soluble) organo-
metallic conpl exes. Enhanced concentrations of metals in upwelled, nutrient-
rich waters have been recorded and organic chelation has been proposed; if
this phenonenon is confirmed, a biotic source may be presuned.

The trace nmetal contents of sediments may be several orders of magnitude
in excess of that in the sea water. The solid phase - netal bonding ranges
frominert to relatively labile as noted above so that the pure or interstitial
waters in intimate contact with -- and in pseudo-equilibrium with -- the sedi-
mented material contains relatively high concentrations of many metals. This
slution concentration gradient should result in a diffusional fiux fromthe
sediments into the overlying water colum. This has not been conclusively
identified as a general phenomenon of prime inportance in the overall cycle,
but again |ocalized, near-bottominpacts have been described in several dis-
parate, near-shore environments. This grossly attenuated outline has ignored
conplications inposed by sub-surface anoxic conditions. This latter may be
partially balanced by a suite of reactions confined to the sedi ment-water
boundary itself. For exanple, we have described (Heggie and Burreil, 1975)
el evated concentrations of soluble copper at this interface, wth dimnishing
gradients both upwards into the water and downwards into the sediment pore
water. Regeneration of soluble conplexes fromparticulate forns of the netal
by mcroorganisns has been proposed. This type of reaction is likely to be
enhanced in the case of those netals which can be converted to highly mobile
conpl exes via microbially medi ated reactions; for mercury, and those other

metals which readily formvolatile alkyl conplexes, for exanple.



The heavy metals are added to the oceans largely wia fresh-water
run-off.  The renoval mechani sns outlined above are exceedingly efficient
and the bulk of the continental input is scavenged from solution wthin
the estuaries and near-shore zone so that these latter regions constitute
the maj or sink in the system  This has been docunmented for the fjord-
estuaries of southeast and south central Al aska by Burrell (1976). MXing
processes ensure, of course, that the soluble marine contents everywhere
fall within a narrow range for each netal. Transportation mechanisns capable
of transporting these elenents to open-ocean, solid-phase reservoirs are
quite limted; fish mgrations or atmospheric input, for exanple, both of
which are quantitatively quite minor. Transition netals may be added directly
to the deep oceans via tectonic activity, however, and oceanic ridge activity

may be inportant in this respect.

B. Relationship Between O | Devel opment and Heavy Metal Distributions

It is convenient to consider the effect of industrial activity on the
shel f areas on the indigenous trace netal distributions initially in terns
of the general nature of anthropogenic inpingenent of these metals on the
natural environnent -- on natural processes which are likely to be disturbed
-- followed by the expected effects specifically related to oil devel opment.
1. Heavy metal pollutional effects: Pollution effects (i.e. man-nade
I npi ngements on the natural environnent) of the heavy metals are of particul ar
concern because these are the only extraneous chemcals introduced into
sea water which are known to have subsequently resulted in human fatalities.
In this context, the term “heavy metal” comonly includes only a quite

limted nunber of elements, notably nercury, lead, arsenic, cadmum selenium
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and copper. But such lists laryely reflect reaction to well appreciated,
contenporary problens. Such elemznts are not necessarily the nost toxic
to many of the marine organisms, or the ones most likely to be concentrated
in specific food specie-s. Society has a history of alleviating one probl em
with another and, since it is to be supposed that other, currently nore
exotic, metals are likely to create pollutional problenms in the future, it
seens reasonable to |ook at broad-based impingements not specifically con-
fined to a very narrow suite of netals.

Nearly al |l previous polluticnal problens in the seas have been
derived from terrestrial operations. It has been noted above that the
heavy metals are largely inmobilized in the coastal zone so that effects
on open ocean areas might be expected to be negligible, and this has
proved to be the case to date. Conversely, near-shore pollution per se
has been wi dely docunented and is likely to becone an increasingly severe
problemwth time, not |east because of the increased biotic activity wthin
these areas. Coastal and estuarine regions nmust be of prinary concern in
any pollutional inpact study. Exploitation for oil on the shelf areas,
however, potentially presents a mechanismfor |eaking pollutants to the
oceans which by-passes the natural near-shore screening processes. Since
no case studies are available, it is only possible to predict likely effects
based on our still inconplete know edge of chemcal and biological behaviors.

The efficient partition of the (largely) inorganic heavy netal conplexes
predom nantly onto the coexisting solid phases has been noted above. The
maj or quantitative anthropogenic inpact, therefore, nust be any process or
conbi nation of processes which arrests or reverses this trend. Potential

reactions follow fromthe previous discussion. At the top of the Iist comes



solubilization of metale via complexation with organic ligands. Al though.
next to nothing is known of the likely results of impacting deposited
sediments in this fashion.  Some specul ations regarding oil spills on
sediment are offered in the followi ng section. W have al so discussed
previously the published evi dence for enhanced solubilization of netals
in sea water as a consequence of, for exanple, pulp-mll waste discharge.

W conceptually regard “marine pollution” in ternms of the impact on
man and therefore largely on deleterious effects on marine food species.

Not only are organo-metallic conpl exes in general |ikely to have enhanced
resi dence times in solution, but such chem cal species are |iable to be
preferentially incorporated into living organisms and therefore into the
natural food web. It should be appreciated that man tends to harvest higher
trophic | evel organisns so that transfer nechanisms and efficiencies along
the food chain are pertinent here.

2. Specific effects of OCS oil devel opment: Speculation on ways
that the extraction and transport of oil in the shelf areas could potentially
i npact the natural environment was included in the previous Annual Report
(Burrell, 1975), Since no new information has appeared in the intervening
months we feel justified in including this discussion again here substan-
tially unchanged.

a. Trace metals assoctated W th formation waters: Extraction of
hydrocarbons will result in very large quantities of acconpanying “forma-
tion water” being released from the well-head area into the inmediate ocean.
There is a conspicuous |ack of information regarding the concentrations of
heavy netals in this aqueous phase. Most such analysis prograns to date

have bcen designed With the objective of “finger-printing” the various oil
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reservoirs, and the inprecise methods usually used do not permit easy
conpari son between published conpilations. Rittenhouse et al (1969)

and Billings et «l (1969), for exanple, give ranges for several metals

whi ch differ by orders of magnitude. Iron, manganese and chrom um and
nickel and copper, appear to be enhanced and depleted respectively in the
formation waters studied by the former group over sea. water concentrations.
Billings and co-workers, however give formation:sea Water ratios of 30,

40, 166 and 750 for, respectively, zinc, copper, nanganese and iron, W th
cobalt, chrom um and nickel contents bLelow the detection limits of the.

anal ytical nethods used.

More reliable evidence may be gathered fromthat scientific literature
concerned with interstitial waters extracted fromcored surface sedi ment
sanples. In general, all the common (i.e. first transition series) netals
appear to have enhanced concentrations in the sediment interstitial fluids,
and especially iron and manganese. Few data for trace netals in deep
(10°mrange) cores -- fromthe deep-sea drilling program for exanmple --
are available, but manganese and zinc concentrations (Presley and Kapl an,
1971; 1972) do not appear to deviate substantially from ranges recorded
for near surface sanples. (One type of interstitial fluid which could,
however, differ fromthe “conventional might be the highly alkaline brines
occasionally found associated with petrol eum deposits. Such a pH envir-
onment (& 10) should result in enhanced sol uble contents of those netals
whi ch form hydroxo coordination conplexes. These are, predom.nantly, iron,
manganese, titanium, ni ckel, zinc, vanadium and chrom um (sce, for exanple,
Truedell and Jones, 1969),.

From this brief discussion it wmight be supposed that anomalously high

concentrations of heavy metals (notably, perhaps, iron, manganese and copper
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TABLE T

Trace metal contents of crude oils

Alberta crudes® Calif. crudes’
average cones. ranges
(ppm) (ppm)
Ag
As 0.10 0.06 - 1.0
Cd
Cr 0.09 0.01 - 0.02
co 0.05 0.20 - 10.00
Cu 0.24 - 6. 33
Fe 10. 80 16.80 - 85.50
Hg 0.05 0.08 - 30.00
Mn 0.10 0.73 - 2.54
Ni 9.38 140.00 - 265.00
Pb
Se 0. 05 0.40 - 1.40
v 13. 60
Zn 0.46 7.40 - 85.80

%Hitchon et al., 1975

bshah et az., 1970



Or zinc) could accompany injection of formation waters into those portions
of the oceans immediately adjacent to the well-heads. While this may be
S0, the total conceivable Vol une of deep water released in this “point source”
fashion could only be conparable to, say, a very small river inflow. The
natural reactions which buffer the soluble contents of these metals in the
mari ne environnent should prevent any di scernible pollution spikes. One
mght, for exanple, expect precipitation of iron and nanganese (W th con-
comtant coprecipitation of other heavy netals) in a sonewhat anal ogous
fashion to the addition of acid mne wastes into natural water systens.
This will be so also for spilled drilling mud. Barium iS quite insoluble
in sea water. Enhanced quantities of the sulfate may accunul ate over the
long termaround well sites but barytes i S a nornmal constituent of marine
sediment, and is non-toxic.

b. Trace metal s associ ated with crude oil: Crude oil itself contains
trace quantities of certain of the heavy netals. This has lead to the
erroneous supposition that it is this specific restricted suite of metals
which is of sole concern in the various OCS inpact programs. The actual
netal content ranges are not well known; again mainly because of the poor
anal ytical techniques which have been applied to date. Table | reproduces
two recent compilations which are believed to be anong the best avail able.
It may be seen that vanadium, nickel, iron and-zinc appear to occur in
fairly high concentrations in these crudes and the possibility of commer-
cially extracting vanadium for this material has been seriously suggested
in recent years. Both the vanadi um and nickel porphyrin conpl exes have
been studied for many years, but it would appear that additional significant

quantities of these two netals are associated also with the asphaltic fraction.



Thisz may be SO also i n the case of the other listed trace clements but

this i S wmostly speculative and some workers (see discussion in Filby,

1975, for example) have suggested that the supposed contents are associ ate?,
not with the oil per se, but with foreign particulate material contai ned
within the oil.

Regardl ess of the actual contents Of metals in the various crude frac-
tions, this source (i.e. direct spillage Of crude Oil into the ocean) could
ouly result in insignificant and probably undetectable perturbations ia the
water column because of dilution and m xing. The volume of foreign organic
liquids likely to be added to the sea water nust be even less than in the
case of the previously considered fornication waters. This source appears
to be of potential concern in one respect only: nanely, that- these particular
metal fractions may be held in solution as stabl e organo-metallic conpl exes.
Such an enhanced solubilization phenonenon rel ated to petroleumin natural
wat ers has been suggested by Bugel'skii and Tsimliyanskaya (cited by Davis,
1968) . And chel ated soluble fractions of copper which are greater than
“normal " concentrations (i.e. in excess of predictions based on inorganic
equi libria) have been recorded for several disparate narine environnents
by, for exanple, Barber and Ryther (1967). Apart from maintaining the metal
in the nobile aqueous phase, such organo complexation could potentially |ead
to preferential uptake and incorporation into the marine biota; although
the opposite -- masking -- effect equally may be envisaged.

c. The importance of trace metals associ ated with the sediments: It
I's considered that the major threat to the normal, “buffered” oceanic trace
metal regi ne posed by off-snore industrial activity lies in potential per-
turbation -~ possibly acute hut limited, possibly chronic and nore wide-
spread -- to the geochemical environment of the surface sediments.

11
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It has been noted above that the deposited scdiments constitute a
vast reservoir for irace metals; that they are, under normal conditions,

a sink for metals naturally renmoved from solution. The geochemical en-
viromment Of the sediments differ-s from the overlying sea water; i.e.
there is disequilibrium between the water and sediment and between various
zones within the sedinent itself (see e.g. Mannheim and Sayles, 1974).
Consi derable efforts are currently being devoted to determning the exis-
tence and magni tude of chemical grédi ents (both positive and negative)
for the major constituents across the water-sediment interface. There is
little equival ent evidence for the trace metals, although there are in-
dications also in sone environnents (e.g. for copper in fjord ~stuarines;
-Heggie and Burrell, 1975) for mgration fromthe surface sedinents into
the overlying water.

It"is considered highly possible that contam nation of the surface
sedinent fromocs activity may exacerbate these’ natural interface reac-
tions. Only small changes to the chem cal environment -- availability of
organi c conpleting ligands or changes in the redox environment for exanple
~— could result in large fluxes of netals fromthe sedinment into the water
colum. It is inportant to note also that lags may occur within this
sequence; the often expressed (e.g. Meadows and Meadows, 1973) fear of
harnful effects appearing, long after the application of the pollutional
stress, is very real. The persistence of harnful reactions beyond the
time when the cause has been suppressed is an obvious corollary. Such
hysteresis 1S dangerous because renedial actions may not be takenin tine
to avert considerable damage.

If these processes are, in fact, the major cause for concern with

regard to industrial stress ONn the natural trace metal reginme, then it

12
37}

[P



follows that very many individual heavymetals may be inportant, and

not just those specifically associ ated with crude oil, or with paint or
formation waters. The sedinents contain limitless quantities of a very

broad spectrum of nmetals. Once remobilized, the heavy netals maybe
incorporated into marine organisns, stored in harmful quantities, or possible
passed along the food chain to those higher trophic level species which

are consuned by man. An inpact study of this type is ultimtely concerned
with such potentially harnful inpacts on man. The foregoing brief discussion
has attenpted to denonstrate that know edge of the latter, however, neces-
sitates working with the total marine system Moanitoring of a few food
species alone could only denonstrate, post factum, that the ecosystem was

pol luted. This would yield no clue regarding the transport rates or routes

of the pollutant or how to prevent it.

c. General Nature and Scope of Study

To date this program has been largely a survey to establish baseline
| evel s of heavy netals in the shelf and coastal environnents against which
the effects of any future pollution can be nmeasured. Following on from the
di scussion above it was necessary to | ook at water, biota and sedinment as
fol | ows:

1. Water: This is the reservoir which would be initially inpacted.
Natural concentrations of trace metals are not known for these (or nost other)
areas, and available analytical techniques are largely insufficiently sensi-
tive to detect small perturbations. There has been a need, however, to de-
termine general baseline conditions and to check for natural anomaly areas

such as might be associated with the major rivers.



Sea water 1S the transportation conduit for metals passing to or
bet ween the major solid phase reservoirs. TFuture Studies of transfer
rates and routes will necessitate (pragmatically, for selected areas only)
quite detailed knowledge of the concentrations local gradients and chem-
ical forms of the metals in solution.

2. Sediment: Ve have flagged the bottom sedi ments as the major trace
nmetal reservoir and hence a major concern in this study. It is believed that
oi | deposited on the sediment could potentially nobilize, or increase the
rate of mobilization, of a range of netals. Many such el ements have known
toxic properties and others would be expected to behave simlarly. In
addition, the netals may be solubilized in nore stable (and potentially
more toxic) forms, and as conpl exes which nmay be incorporated nore readily,
and to higher levels, in organisms. This topic has been considered in nore
detail above.

As explained in the work statement, we have been prinarily concerned
with determining, not the total heavy netal contents of the sedinments, but
those fractions nost likely to solubilized. This latter mght be variously
considered the sorbed, |oosely bound, or “available” fraction. None of these
terns has much scientific exactitude but the intent is to isolate the labile
from the structural content. In general. it would be expected that the struc-
tural fraction would be quite small conpared with the “extractable” so that,
in practice, probably little error is introduced by performng a "whole-
rock” analysis.

W\ have chosen, with a few exceptions, not t0 single Out the suspended
sediment for separate study. However, one initial objective, which was found
t0 be not logistically feasible, was to specific.ally collect fromthe major

river plume regions (see below).



3. Biota: Environmental assessment programs are. ultimately concerned
with deloterious effects ON men., The end preduct of this investigation,
therefore, is an ecvalua tion of the actual oOr potential effects of heavy
netal s on food species; beth in terms of i Mmedi ate or chronic effects on
food species per se, but also the impact of pollutant metals on the overall
food web.

I'n keeping with the primary enphasis of this program on the sediment-
water interface regi on, we have proposed benthic organisms as primary "index
species”. It has been our objective this year, therefore, to determine
basel ine contents of heavy netals in a range of marine organisms, but enpha-
Sizing sub- and inter-tidal benthos.

4, Sedimental.oSical program Uptake and rel ease of trace metals on
and fromsedinents is a surface phenomenon and hence a function of the nature
and, nore inportantly, the surface area of the sedinent particles. As a
sinplification it may be supposed that greater quantities of metals will be
exchanged from finer grained sedinents than from equal quantities of coarser
grained material. Throughout nost of the first year programwe hoped to
coordinate this chemcal program with the conplenentary geol ogical prograns,
but to no avail. For this current contract period, therefore, we proposed
the addition of a support function within the trace netal chemstry program
which would provide mneralogical and sedimentological data on splits of the
sanpl es analysed for the heavy netals.

5. Long term objectives: The loung term objectives of this program
are to recogni ze pollutional inpact on the ecosystenms, and to predict the
effects of such pollution in terms of transport and changes in reservoir

contents. This latter could only realistically apply to certain judiciously

15
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sel ected sub-systens but would | ead to an understanding of actual metal

toxicity, or potential effects, on higher food-web organisms.

D.  Specific Cbj ectives During the Current Cantract Period

1. A baseline survey of the current contents of a suite of heavy netals
in the water colum, in selected bicta, and in the surface sedinents of the
study areas.

2. Ancillary mneralogical a' nd sedimentological analyses of.the sedinents
as needed to support (I).

3. From (l.) and (2) to select those geographical areas, specific bio-
| ogi cal species and chemcal fractions which should be enphasized in future
studi es

4, To collect in a usable form conpilations of available literature
pertinent to these problem areas.

5. To develop sanpling, sanple treatnment and analysis procedures as

needed to carry out objective (1),

[11.  CURRENT STATE oF KNOALEDGE

V¢ di scussed previous work on heavy netals in the Gulf of Alaska --
or rather the lack of it -- in the previous report (Burrell, 1975). For
this contract period we proposed to research the available literature on
the geological t opi ¢S now incorporated in this progamin addition to any
avai l abl e information on heavy netal distributions in the enlarged study
area. This work is not yet conplete but sone interimdata may be included
here. It has not been possible to include separate conpilations of the
citations because the required data format was received by us at far too

|ate a date.

16



A Heavy_ lectals in Beaufort Sea Shelf Sedim ent s

During the past few years, considerable data on the chemcal conpositions
of the western and central Beaufort Sea shelves have been documented.  The
earliest available data on the Fe, Mn, alkali and alkaline earth elenents,
and a selected group of heavy metals (e.g. Cu, Ni, Zn, Co, and U) in gross
sedi ments of the Beaufort Sea shelf, were presented by Haidu and lood (1972).
These authors nmade an attenpt to correlate the distribution of elements with
wat er depths and lithological conmponents, as well as organic carbon and
carbonate contents in sediments, Simlar investigations were further extended
to the continental nmargin sedinents of the Beaufort Sea by Naidu and Mowatt
(1974a; 1975) . In addition to the above, geochemical studies have been
conducted by Barnes (1974), and Weiss et al. (].974). \Weiss et aZ. (1974)
were concerned with the geochemical cycle of Hg, whereas Barnes (1974) has
presented sem -quantitative data on a suite of 30 elenents and has docu-
nented the concentrations of some organic fractions. Thus , it is apparent
that no attenpt has been made to quantitatively assess the partition patterns
of heavy metals in the lithogenous and nonlithogenous (relatively nore
“nobil e” or |eachable phase) conmponents of the Beaufort Sea shelf sedinents.

Conpared to the western and central portions of the Beaufort Sea,
only limted geochemical data are available on the shelf sedinments of the
eastern Beaufort Sea; the nore significant work in the latter area is that
of Dew s et al, (1972). More recently, Naidu (1976) docunented the strati-
graphic variations in the concentrations of mjor, mnor and trace elements,
as wel | as organic carbon and carbonate contents in 10 box core sedi nent

sanpl es taken from the Beaufort Sea shelf.

17
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B. Mineralogical and Granulometric Studies of Al askan ghelf Sediments

Results of granulometric analyses ON the shelf sedinents of the Gulf of
Alaska are becoming svailable only now. As far as is known the only published
reports on these studies are those of Gershanovich (1968), Molnia (1975),
Molnia and Carlson (1975), and Sharma (1975).

Distributions of clay mnerals in shelf sediments of the Bering Sea,
and Gulf of Al aska have been documented by a few investigators. Moll (1970)
and Matthews (1973) have described the clay mneral assemblages in bottom
sedi ments of the Chirikov Basin of the north Bering Sea, and the Yukon
Estuary, respectively. Recently, Molnia and Fuller (1975) presented pre-
limnpary data on the clay mneral assenblages of a few sediment sanples from

the Gulf of Al aska.

IV, STUDY AREAS

A, Northeast Qulf of Alaska

As for the previous yearis work in this area (Burrell, 1975), the sanpling
scheme utilized has continued to be based upon the standard hydrographic grid
shown in Tigure 1. We have attenpted to coordinate our operations as far as
possible with the other participating programs, although this has become an
increasingly difficult task within the context of the enlarged, second-year
program  \Water colum sanples were originally scheduled on certain of the
standard GAS grid stations designated as nutrient analysis localities. With
the dem se of this portion of the program sone of the original rationale
has been lost; however, correlations between our data and the contenporaneous
hydr ogr aphi c parameters are Still a possibility, i1f needed. We have coordi na-
ted our sedinent sanpling with the benthic biology program so that the results
from bot h th—e's‘*‘e programs should eventually provide interesting cross-correla-

18
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tions., AS noted in the previ ous report cited-above, the results obtained
from the USGS geol ogi cal program are not immediately applicable to this
chem cal. program (or te the benthic bi ol ogy program) because completely
separate sampling grids have. been utilized. W have, however, obtained
sonme basi ¢ sedimentological data on our core samples as expl ai ned below.
Sedi nent sanpl es have been retrieved for the shelf area only, but
sone deep water sanples have been collected in this portion of the Gulf,
mai nly to function as inter-laboratory calibration sanples.
As previously, biota sanples were to have been collected by the various
bi ol ogi cal co-investigators. We have received sonme sanples from the inter-

tidal group and fromone sub-tidal benthic trawl survey as noted bel ow

B. Northwest Qulf of Al aska

Sample localities for heavy metal analysis for the W.w. Qulf portion of
the study area have been chosen to coincide with the physical oceanographic
grid for the same reasons as discussed above. The benthic biol ogy program
has simlarly opted for this grid. This station network (GASSO consists
essentially of a series of traverses nornmal to the peninsula and Al eutian
Chain as shown in Figure 2. W have utilized only those stations on this

grid located within the shelf region.

C. S. Bering Sea

No systematic physical oceanographic program has been designated for
this area. At the beginning of the current contract period, therefore (in
conjunction with the benthic biology and | M5 geol ogi cal programs), we es-

tablished the "benthic grid” shown in Figure 3. Water and sedi ment sanples

V]
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from a large number of these stations lhiave becen obtained this year on
two separate cruises, Additional. samples Lave al so been collected from
Izewbek and Helson Lagoons.

Sub-tidal benthic biota samples have been coll ected for us on two

traw! survey crui ses as noted below.

D. Reaufort Sea

Station locations on the three sections normal to the coast as designated
by Dr. Aagaard have been selected for this program In addition, a nunber of
sedi nent sanples collected prior to the initiation of this program have been
worked on. The localities of these sanples are shown in Figures 4 and 5 and

listed in Table I1.

V. PROCEDURES

A Types of Sanples Collected

Three types of sanples have been collected for this study: water,
sediment, and biota. The sedinent material analysed has been predom nantly
collected fromthe surface in a trace-netal free, shallow corer as described
bel ow. These sanpl es have been obtained on the standard physical and benthic
bi ol ogi cal sanpling grids. At each station individual cores have been split
for trace metal and sedimentological anal ysis, except in the Bering Sea where
the sediment size analysis work has been covered by a different program
Although these latter sanples were collected contenporaneously, and at the
same stations, splits from benthic van Veen grabs were used instead.

Sedi ment analysed from the Beaufort Sea was collected prior to this
program. Sanpling and storage nethods are described below. At many of the

wat er sampling Stations, the particulatematerialcollected ON large-size

23
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TADLE IT.

Station lecations of sediment samples from the continental shelf

of the Beaufort Sea, Arctic Ocean

Station No. Lat (N) Long (%) Depth (m)
GLA71-1 70° 15*5 143° 40 26
GLA71-3 70° 27.0 143° 33’ 45
GLAT72-12 70° 18.0° 146° 05° 26
GLA71-23 70° 38. 4 148° 04° 27
GLA71-25 70° 31.2 147° 31’ 26
QA7 1-27 70° 54.5 147" 26’ 47
GLA71-44 71° 01.6' 148° 23 48
GLA7 1-63 70° 43.0' 149° 00’ 26
GLA71-71 71° 04.0 151° 22’ 21
GLA71-72 70° 11.0° 151° 14° 4 7
GLA71-78 70° 58.4' 149" 59 29
GLA71-80 70° 55.7 149° 23 33
BSS-61 70° 50.0 148° 28’ 36
B5S-82 71" 36.0 154° 39°¢ 29
BSS—83 71° 27.0 153° 39’ 50
BSS-88 71° 05.0 150° 00’ 30
70BS-18 70° 22. 7 148° 10’ 22
70BS~19 70° 30.9 148° 35 13
70BS~21 70° 31.4 148° 34! 16
70BS5-22 70° 36.3 148° 25’ 20
7 1AJT-5 70° 26.2 148° 00’ 7
71AJT-16 70° 26.5 148° 30’ I
71AJT~-19 70° 29.2 148° 30’ 9
71AJT-20 70° 31.8 148° 30’ 15
71AER-15 70° 19.0° 1.48° 19 1
72A3T-3 70° '29.0° 149" 03’ 3
72A3T-4 70° 29.5' 149° 08’ 2
72AJT-5 70° 27.2 148° 10’ 7
72AJT-6 70° 25.2 148° 10’ 6
72AJT=~7 70° 22.8 148° 11 2
72A3T-8 ~70° 21. 4 147° 57 4
72AFR~129 70° 29.4 148° 20’ 3
72AER-134 70°- 32.0' 148° 137 15
72AER-137 70° 29.9 148° 00’ 13
72AER-166 70° 26.6 148° 34 7
72AER-167 70° 25.9 148° 35 6
72AER-168 70° 25.3 148° 35’ 4

26
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Nuclepere filters (0.4 p) has besn retained. Although not part of the pro-
posed propram, data for meny of these samples elso will be given at a later
date.

Water sawples have been collected at the sediment stations noted above.
Pecause of the expense and difficulties associated with analysis of soluble
trace metal contents, it has mot been possible to determine detailed depth
profiles. In order to maintain the geographical coverage required for this
program, only samples fr om the surface or from close to the surface, and from
adjacent to the sediment-water boundary, have been collected,

The work statenent for this project listed a number of biological species
for which background trace metal contents were considered to be desirable.

This |ist was a conposite of suggestionsfrom many of the principal inves-
tigators of the associated biological programs, although there were notable
omissions, such as sanpling of marine mammals. For the actual sanple collection
we have been totally dependent on the good offices of these biological pro-
granms; particularly the intertidal and sub-tidal benthic projects. Inter~
tidal benthic sanples received to date are shown in Table 11 and in Figures

6 and 7, and sub-tidal benthic sanples in Tables T1II and IV.

B.  Sampling Trips

The original work statenment called for one major cruise to each of the
three study areas -- Gulf, Bering Sea and Beaufort Sea -- with additional
sanpling adjacent to the outflow of the Copper and Kuskokwim Rivers. This
i deal i zed scheme did not work out well in practice. one of the major problens
encount ered concerned our need to collect contamination-free sanples, and

hence thc use of specialized equipment and facilities not available on all

27
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TABLE TIXI.

Localities of intertidal biota sanples - Gulf of Al aska

Local ity Lat. N Long. W
McLeod Harbor 59°53’ 147° 47
Anchor Cove 59°59’ 149° 05’
Saints Bay 57°06’ 153°28
Zarkof Bay 60°17" 147°00°
Sundstrom | sl and 56°41 154°08
Port Dick 59°18’ 151°20°
Katalla 60°14’ 144° 31
Cape Nukshak 58°24" 153”59’
La Touche 60°03’ 147°56’
Po.t Etches 60" 22’ 146°32'

30
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TABLE IV,

Trawl biota sanpl es received

Turbot
Molpodia
Spisula

Serripes

Col l ected species not specified in wrk statement.
X

X

I 31

_ Gulf Bering Beaufort
"North Pacific” "Miller Frecman'
Crui se Crui ses
#1 #2
A Species specified in work statenent.

Pol 1ack X X X n.a.
Rock sole X X X n.a.
Arctic cod n.a n.a n.a. 0
Tanner Crab X X X n.a.
Kirg crab 0 X 0 n.a
Neptunea X X X n.a.
Scallop/Macoma 0 X 0 n.a



TABLE V

N.E. Gulf of Alaska

Sub-tidal benthic trawl samples

Sample Mo,

PR RPERPRPR PP R
~NOUITRR WNPFPOWYODO—ao Ul N

RO R RN MR N =
DU REWNE O®x

N
—~

wW N M
O O

wWww
WM -

W wWwwwww
O oo~No U1~

Speci es Stat ion/Haul. Location Depth (m
Nos. start/finish

C. batirdi 73A/115 N6O 10 Wi147 02/ 264/

Tur bot N60 13 wi46 59 2 6 2

C. boirdi

Molpodia

C. baird: 73B/116 N6O 63 W47 04/ 142/

C. bairdi N6O 05 W47 00 138

Pollock :

Neptunea

Cc. bairdi 73C/117 N59 57 wise 59/ 149/

Turbot N6O 00 wl46 56 142

Pollock

Tur bot 73D/118 N59 54 w147 00/ 158/

Pollock N59 57 wi47 00 155

C. bairdi

Neptunea

Pollock 73E/119 N59 47 W47 02/ 180/

Tur bot N59 50 W47 01 177

Neptunea

Rock sole

Pollock 74F/120 N59 3S wise 38/ 93/87

Tur bot N59 39 Wi46 41

C. bairdi 74G/121 N59 32 wld6 42/ 115/ 113

Pollock N59 35 wld6 45

Turboet

C. bairdi 75G/122 N59 36 Wl46 27/ 98/ 95

Tur bot N59 34 W46 36

Pollock

C. bairdi 73H/123 N59 28 w146 57/ 204/ 202

Tur bot N59 23 Wl46 58

Pollock

Neptunea

Neptunea

Pollock 731/ 124 N9 25 W. 47 01/ 198/ 195
N59 24 wi47 00

Tur bot 771/ 125 N59 33 w145 59/ 146/ 133

C. bairdi N59 30 w145 59

¢. bairdi 77F/127 N59 50 W145 o1/ 95/91.

Pollock N59 48 WL46 58

Tur bot

C. bairdi 77E/128 N59 53 wi46 03/ 97/ 93
N59 52 W145 56



Sampl

40
41

42

43
44

45
46
47
48
49
50
51
52
53
54

55

¢ No.

[

Station [Haul

Species

Nos.
Neptunea
Neptunea
Rock sol e
Molpodia
Neptunea 77B/133
Rock sol e
Neptunea TTA 134
Rock sole
M olpodia 79A/135
Rock sole 79B/136
Rock sol e 79C/137
Rock sole 81B/138
Neptunea 81F/140
Molpodia 83E/142
Rock sole 74D/ 146
Molpodia 75B/147

Lo

33

Location
start/finish

Dept h(

N59 43 w145 32/
N59 40 w145 31
N60 11 w146 27/
N6O 10 wWil4a6 31

N6O 12 W46 02/
N6O 12 W46 07
N6O 17 wi4a6 02/
N6O 16 w146 07
NGO 09 W145 33/
N60 11 w145 37
N6O 06 wl45 31/
N60 04 wi4s 35
N6O 00 wWi4ss 24/
860 03 W45 33
N6O 01 wl44 58/
N60 02 wl44 58
N59 35 w145 00/
N59 35 W45 07
N59 43 W44 37/
N9 41. W44 33
N59 53 w146 57/
7?59 51 w146 53
N60 06 W46 36/
N6O 08 Wi46 36

104/100

133/ 131

1.02/100
55/ 53

104/ 102
122/ 120
104/ 100
151/ 127
178/ 173
131/129
71/ 67

109



vessels.  In general, of the assig ned NCAA ships , only the Discoverer
was sultable for our purposes. We found 1t necessary to place personnel
on a large number of cruises in order to obtain all ﬁhé nceded samples
as detailed pelow. ‘he need to give first priority to fieid work from
June through Decenber detracted from the | aboratory analysis program

One cruise was directed to sempling in the region of the Copper River
in Cctober. Unfortunately the senior investigator WhO had originally pro-
posed to work on plunme sedinments decided to resign from the program at about
this time so that this work had to be abandoned at that tine. No sanpling
program specifically' directed to the Kuskokwim delta materialized. A. s0
no vessels capable of supporting this trace netal program was avail abl e
within the Beaufort Sea. during the 1975 open-water season. In lieu of
obt ai ni ng new sanpl es we have requested”” permission t0 work on archived
sanples:  sedinment sanples collected on previous ice-breaker cruises in
this area.

The biological sanple collecting program has been nost unsatisfactory.
Qur work statenment was based on anal ysis of biological specinmens collected
for us by other investigators and no support was requested to enable us to
place our own technicians on these particular cruises. Cruises on which
some biota was collected for us are noted bel ow

Sanpl es for this program have been collected on the follow ng cruises
and collection trips (in chronol ogical order):

a. Townsend Cromwell - May 5-19, 1975
N.E. @Qul f of Al aska

Personnel: G Landreth (IMS)
Personnel fromthis project participated on this cruise primarily to

obtai n water columm sanples from a nunber of the standard N.E. Qulf stations



and some additionel sites in Prince Williom Sound. The total occupied
stations are shown iu Figure 8 and operations conducted in support of this
projeci arc noted in Table IV. Sediment samples (Table IV) were collected
from pgrabs as veserve materinl for the geological support program; no sampl-~
ing device suiltable for retrieving samples for trace metal analysis was
avail abl e for this cruise, Field procedures are given bel ow

b. Discoverer Leg Il - June 2-19, 1975
South Bering Sea

Personnel: D. C, Burrell (I}MS)
R S. Badley (IMS)
D. Cochran (Batelle, NW
This Was the first conbined sanpling trip in support of this project
in the Bering Sea. A standard "benthic grid" was laid out and first occupied
on this cruise (Figure 3). This grid was designed to permt inorganic chemstry,
benthic bi ol ogy aad geol ogy sedinent sanples to be retrieved at the sanme
locarions and, wherever possible, as splits fromthe sanme bulk sanple. \ater
sanpl es were recovered fromone or two depths for analysis by DMS (voltam-
metry), Batelle N.W. (neutron activation) and NB3. Qperations conducted
at each of the standard stations (occupied) are summarized in Table V and

details of sanpling procedures are given in the follow ng sections.

¢c. Intertidal Sampling
N.E. and N.W. Gulf of Al aska

Intertidal benthic sanples have been collected for this project by

Dr. Zimmerman. Localities of sanples received are shown in Figures 6 and 7.

d.  Surveyor Leg 11 - August 4-29, 1975
South Bering Sea

Intertidal benthic sanples have been collected for our use on this

cruise by Dr. Zi mmer man.

e. Silas Benl Leg I - August 31 to September 17, 1975
N.E, Gulf of Alaska

Personncl: R S Hadley (IMS)
35
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Townsend Cromnel |

N.E

TABLE VI

May 5-19, 1975 - QOperations

. Qulf of Alaska

Stations Water (depths) Sedi ment Biota
01 Surf. G ab

02 G ab

04 Surf. G ab

05 G ab

07 0, 125, 220 Gab

13 0, 50, 120 Booner ang
16 Surf. Booner ang
17 Pl ankt on
19 o, 100, 200

22 0, 100, 170 Gab

25 Surf. Gab

26 Grab

27 G ab

28 o, 130, 150

36 0, 110, 200

40 0, 60, 140

46 Surf.

47 O 130, 180

48 0, 150, 210

49 Surf. Gab

50 Surf. Gab

piele
L)
et



Stations Water (depths) - Sedi nment Biota
.01 0, 90
52 Surf.
53 Surf. Pl ankt on
54 Pl ankt on
, 107 Pl ankt on
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TABLE VI

Discoverer June 2-19, 1975
Operations - S. Bering Sea

Station Water depths (m) Sedi ment Biota
53 0.110
54 0. 100 Haps
48 0. 145
34 0.175
35 Plankt.
31 0. 150
14 0. 130 Plankt.
13 0.75
02 0.40
06 0.40
08 0.15 Haps
10 0. 60
12 0.75 Haps
19 0.65 Haps
21 0.40 (Haps)
24 0.40 Haps
26 0.45
28 Haps
39 0.60
41 0.25 Haps
42 0
43 0.30 Haps
57 45 Haps
59 30 Haps
60 0.25
62 0.45
64 80 Haps
65 0.100 I sps Plankt.
69 0. 105 Haps
56 0.60 Haps
46 0. 60 (Haps)
37 Haps
30 0.125 Haps
17 0.110 Haps

*?
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We participated “in this cruise in order to obtain the first batch
of sediment samp};es for trace metal anal ysi s from the Gulf using the
Haps corer (see beleow)., No water samples were cOil.ccted because the vessel
was net equipped for this operation, Stations at which Haps cores were
recovered on this Crui se are shown in TFigure 9; duplicate cores were taken
at Stations 01, 03, 06, 07, 31, 32, 62, 63, ancl 50.

f. Mller Freeman Legs 1-111, August 17 to Cctober 26, 1975
Sout h Bering Sea

Biota sanples have been collected for us fromtwo of the trawl survey
crui ses conducted on this vessel (see Table 111).

g. North Pacific
il f of Al aska

Traw ed biota sanples have been collected for us on one of the Culf
survey Cruises (see Table 111).

h. Discoverer Leg IIL - Septenber 25 to Cctober 3, 1975
South Bering Sea

Per sonnel : T, Gosink (IMS)
J. Hendee (IMS)

This cruise largely duplicated the first Discoverer cruise in the Bering
Sea noted above, It was necessary to participate at this tinme because the
speci ali zed equipnent required for Se and Cr analysis was not available pre-
viously. Operations conducted at stations on the standard benthic grid
(Figure 3) are listed in Table vI.

| . Discoverer Leg IV — Cctober 8-16, 1975
N.W. Qul f of Al aska

Personnel: G Landreth (IMS)
T. Gosink (IMS)
J. Hendee (IMS)
K. Abel (Batelle, N.W.)
This was the first sampling cruise in support of this project to the

N.W. Gulf area, The Standard GAsso stations (the primry physical oceanographic

48 40
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TABLE vIiT
Discoverer Leg IIT Septenber 25-Cctober 3, 1975

Qperations - S, Bering Sea

Stations Wt er (dept hs) Sedi nent
8 3, 18

12 3, 76

17 116

19 71

24 3, 40

35 3, 155

37 3, 70

41 2, 18

46 65

48 3, 150

51 3, 1500

54 3, 98

56 61

59 3, 33

66 134

50 42



grid, Figure 2) were occupi ed for water colum and sediment sanples. Very
few of the latter were obtained however. Operations conducted at each sta-
tion in support of this project are sumarized in Table VII; field pro-
cedures are considered bel ow.

j. Discoverer Leg II1 - Novenber 23 to Decenber 2, 1975
N.E. Qul f of Al aska; N.W. Gulf

Personnel: D. C. Burrell (IMS)
J. Hendee (IMS)
H Weiss (n.U.C.)
K. Abel (Batelle N.W.)

This was the final N.E. Qulf cruise requested in support of the current
year's activities. Trace metal core sanpl es were taken at those stations
not previously covered on the Silas Bent cruise (above). 1In addition, water
col um sanples were collected at a nunber of stations and sub-sanples were
distributed between all the | aboratories participating in this program (IMS,
Batelle N.W., Naval Undersea Center, and NBS). Operations are summarized

in Table viiI. The final transect of the N.wW., Gulf grid which was not

visited on the previous Discoverer cruise was also occupied as shown in

Table | X

C. Field Qperations

1. Water sanples: Water sanples for this program have been collected
in 1.5, 5 and 10 liter Niskin bottles, but predomnantly in 10 liter drop-
top bottles attached to a rosette sanpler. The standard storage bottle used
for this programhas been a 1 liter polyethylene bottle. These have been
| eached and washed in a single batch by Batelie Northwest Laboratories.

Sanpl es have been variously filtered as described below, or.drawn straight

fromthe Riskin bottle into the storage container. Al sanples have been

£n
}m-a
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TABLE | X
Discoverer Leg IV  October 8-16, 1975

Qperations - N.W. Qul f of Alaska

Stations Watei:(depths) Sedi ment
101 1, 85 Haps?
102 1, 98
104 1, 9 Haps
119 1, 206 Haps
120 1, 280 Haps
121 1, 220 Haps
122 1, 35 Haps
124 1, 105 Haps
133 1, 170
134 Hapsb
135 1, 141 Haps
137 1, 9
145 10, 63
146 1, 63
147 1, 9%
148 1, 100
156 1, 150
157 1, 59
158- 1, 100
159 1, 96
160 1, 135

a -~ IMS only

b - Battelle NW only o)



TABLE X
Di scoverer Leg Il - Novermber 23 - Decenber 2

Operations - N.E. Gulf of Alaska; N.w. Qulf of Al aska

Stations Water (dept hs) Sedi nent
2 10, 178 Haps
5 10, 162 Haps
8 10, 276 Haps

11 10, 1350¢ T

15 10, 1500¢ -

24 10, 410 _—

26 10, 136 Haps

29 71 -

"30 42 ~

33 10, 205 Haps

44 10, 165 Haps

48 10, 447 Haps

49 10, 120 Haps

50 10, 167 Haps

51 10, 133 Haps

52 74 Haps

53 10, 284 Haps

54 10, 202 Haps

55 10, 110 Haps

56 58 Haps

57 67 Haps

58 82 Haps

59A 10, 370 T

* Intercalibration Station

OJd 45



TABLE XI.
Di scoverer Leg 111 Novenber 23 - Decenber 2

Qperations - N.W. Qulf of Alaska

Station No. Water. Sanples (depths)
106 81

108 10, 226

110 10, 173*

* Intercalibration Station
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acidified as described and stored frozen prior to analysis. The specific
procedures followed on each cruise are as follows:
a. Townsend Cromwell - May 5-19, 1975
250 m unfiltered sanples were acidified to pH 2 with reagent grade
acid. No sanples were collected for nickel and analysis.
b. Discoverer Leg Il - June 2-19, 1975
Surface and bottom water sanples were taken using the ships 10 liter
drop-top, rosette--nounted ¥Niskin bottles. One gallon cubetainers sanples
were collected unfiltered fromthe surface bottle, adicified to pH 4 with
reagent grade nitric acid. Two 250 nml sanples were collected from each
depth, one of which was filtered through a 0.4 yu Nuclepore menbrane in
a Millepore filtering rig. All were acidified to pH 2 with reagent grade
nitric acid. Five liters of water fromeach depth were filtered through
an aci d-washed 90 nm 0.4 yu Nuclepore filter in a Wildco lucite pressure
filtration apparatus. One liter was acidified with 5 nl reagent grade
hydrochloric acid and stored unfrozen. The filter fromthis operation
was retained in a cleaned petri dish.
C. Discoverer Leg |1l - Septenber 25 to Cctober 3, 1975
The water colum was sanpled at the surface and close to the sedinent
usi ng the ship’ s Niskin-rosette System noted above. Two-liter polypropylene
bottles (cleaned according to the scheme outlined bel ow under Cr anal ysis)
were filled directly fromthe Niskin bottles. Analysis was carried out at
sea but is described bel ow
d. Discoverer Leg IV - Cctober 8-16, 1975
Sanpl es of water were taken fromthe surface and bottom as described

above. Eight liters of each sanple were drawn into a cleaned polyethylene

25 4



transfer bottle and Subsequently filtered through an in-line 140 nm
0.4 ¥ Nuclepore filter. Two one-liter aliquots of the filtrate were
retained, both were acidified with 5 nl Ultrex hydrochloric acid; one
sanpl e was stored unfrozen. One gallon cubetainer sanples were taken
as on the Discoverer June 2-19 cruise, acidified to pH 4 with Ultrex hydro-
chloric acid. Water sanples were also taken for cr and Se analysis as on
the Discoverer Septenber 25 to October 3 cruise above.

e. Discoverer Leg IIl - November 23 to Decenber 2, 1975

Surface and bottom water sanples were collected in ship’s 10, 1 drop-top
Niskin bottles nounted on the CID rosette. Two bottles were used at each
depth, and each was acid | eached prior to use. At shalow stations only
surface sanples were collected. Except at the "intercalibration stations”
the follow ng sanples were collected:

. At or close to the surface -- four one-liter bottles filtered
through a 0.4 pin-line Nuclepore filter. One"bottle was acidified to pH 4
(IMS; Ultrex acid) , one had 5 ml Ultrex hydrochloric acid added (Batelle),
and two were acidified wwth Ultrex nitric acid (NUC). All of these bottles
were fromthe standard batch noted above. A further 100 ml sanple of un-
filtered water was collected at this depth and acidified to pH 2 wWith Ultrex
hydrochl oric acid.

ii. Fromadjacent to the sediment -- sanples collected were as above
with the addition of a 1 gallon cubetainer of unfiltered water, acidified to
pH 4 with Ultrex hydrochloric acid.

iii. At the "intercalibration Stations” sanples were collected exactly
as above except that additional sanples were taken for NBS and other |abora-
tories. Also multiple 10 mM centrifuge tubes were filled with filtered water

for filament atomc absorption analysis.
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2. Sedinment sanples: On early cruises sedinent samples were coll ected
fromvan Veen or Shipek grabs. Aliquots were taken fromthe mddle of the
sample using a plastic spoon and stored frozen in plastic bags. These sanples
have not been analysed during the current year’s program but have been retained
as back up material for the sedimentological program

A new contanination-free (Haps) core was introduced on the Discoverer
June 2-19 cruise. This sanple recovers shallow but undisturbed surface
sanples. It only operates in clay-silt environments so that in many regions
e.g. nost of the western @Qulf, it has not been possible to obtain sanmples for
this program The usual node of operation we have evolved for this operation
is to take two cores serially. Both are extruded and the outer portion is
trimed off with a lucite trimmer. The trimmings of one core are retained
for geological analysis and the interior portion of the core split longi-
tudinally and stored in plastic jars for subsequent extraction analysis and
for archiving. The second core is trimed in the sane fashion and then
sectioned into horizontal 2 cmsegments, each of which is stored frozen in
hi gh-density polyethylene jars.

3.  Biota sanples: Al biota sanples were collected by the benthic
and intertidal biological programs. The instructions for collection were to
handle as little as possible, to place whole sanples in polyethylene bags

and freeze immediately.

D. Metals Analysis

The el enents studied in this program have been sel ected based on the
followng criteria:
1. Metals recognized as major pollutants affecting man: Ag, As, Cd, Ce,

Hg, Pb, Sb, Se, Zn.
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2. Natural petroleum “index” netals: Cr, N, W

3. Indicators of environnental changes to the sedinents: Fe, Mn, Co.
It is inmportant to note that this 1ist, selected on the basis of these
criteria, includes many el enments which have not been included in OCS inpact
programs in other areas of the U S.  These latter progranms apparently assune
that only metals likely to be derived directly from oil, formation waters
or constructional elenents (such as Pb from paint) are of inportance. W
believe that the major perturbation in natural trace elenent distributions
will occur as a result of chemcal stress on the sediments as explained above.
Because of the |arge nunmber of netals to be analysed in the various phases,
a nunber of different analytical techniques have been used for this program
(Tables X1, X1l and XIV). These are listed as follows, together with the
senior investigators responsible for each procedure:

a. Cadmum copper and zinc in filtered and unfiltered sea water by
thin-film anodic stripping voltammetry (Dr. D. C. Burrell).

b. Silver, arsenic, cobalt, nercury, iron, manganese, selenium
antinmony and vanadium in water, biota and total sediment by thermal neutron
activation analysis (Dr. D. Robertson).

¢* Seleniumand chrom um in sea water, biota, sedinent extracts and
some particulate sedinent phases by gas chromatography (Dr. T. Gosink).

d.  Additional cadm um and zinc analyses in sea water by carbon filanent
atom c spectrometry for intercalibration purposes (Dr. D. C. Burrell).

e. Nckel in sea water by conventional flanme atomic absorption (Dr.

D. C. Burrell).

f. Iron, nanganese, zinc, nickel and copper contents of whol e-rock,

archived sanples fromthe Beaufort Sea by flane atomic absorption (Dr. A

S. Naidu).

oS80



TABLE X11

Techni ques used for analysis of soluble heavy netals in sea water

NAA ASV GC FAA SE/ AA
Ag X
As X
Cd X (x)
co X
Cr
Cu X
Fe X
Hg X
Mn X
Ni X
Pb
Sh X
Se X
\Y X
7n ( x)

NAA - Neutron activation

ASV - Anodic stripping voltammetry

GC - Gas liquid chronmatography

FAA - Filament atom c absorption

SE/ AA - Solvent extraction/flame atomic absorption

51
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TABLE X1V

Techni ques used for analysis of sedinment extracts (X) and
whol e-rock sanpl es (t)

NAA AA cC FAA
Ag t
As t
Cd
co t
Cr t
Cu t X
Fe t t
Hy t
Vh t t
Ni t X
Pb
Sh t
Se t t
\' t
n t X

NAA - Neutron activation analysis
AA - Flane atom c absorption

GC - Gas-liquid chromatography
FAA - Furnace atom c absorption

53
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g' Cbpper:

zinc, cadmium and nickel contents of biota sanples by

bot h flame and carbon furnace atomic absorption (Dr. D. C. Burrell).

h. Copper, Zinc, iron, manganese, cadmium and nickel contents of

extracts from sediments by flame and carbon furnace atomic absorption

analysis (Drs. D, C. Burrell and A. S. Naidu).

i, Mercury contents of whole--rock sedinment and water sanples by

neutron activation analysis (Dr. H V. Wiss).

j. Additional Mercury contents Oof biota by ambient tenperature atomc

absorption analysis (Dr. p, C. Burrell).

Each method of analysis requires a specialized preparation treatment as

out!lined below.

E Analysis Techni ques

a. Water

i)

Cadm um_copper, lead and zinc by DPASV (D. C. Burreil)

These metal s have been determned in filtered and unfiltered
sea water sanples by differential pulse, anodic Stripping
voltammetry (DPASV) using a thin mercury fiim, gl assy

carbon el ectrode (GCE). Zinc has been determned at pH 8

and copper, cadmum and lead at pu 2.5.

ii) Nickel by AA (D. C Burrell)

Ni ckel has been determined in acidified seawater sanples

(pH 4) by APDC/MIBK extraction and atom c absorption

anal ysis (Brooks et al., 1967). This is a self-conpensating
method in which inconplete extraction of the nickel conplex

is corrected for by extracting the standards from previously

xtracted Sea water. This is not an ideal procedure but

54
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111)

has the advantage of having been used in a large

number of investigations so that the data should be

consistent,

Selenium by GLC (T. A. Gosink)

Two liters of sea water were drawn into pol ypropyl ene
bottles (from the’ Niskin bottles described above) which
had been rinsed three times with eg. 50 ml portions of
the sea water. One liter portions were then filtered
through an all-plastic filtration system using Gelman
filter hol ders with teflon seal ed magnetic clanps. A
0.45 p Millepore filter was used in this step and this
was subsequently stored in ca. 2 M of 1-3 M HNG, in
teflon lined screwcap culture tubes for subsequent acid
di gestion and anal ysis (Nuclepore filters are too resistant
to acid and char towards the conpletion of. the digestion
procedure). The' filtrate was transferee to a teflon sep-
aratory funnel and pre-extracted for 1 minute with ea.

2$ ml of nanograde benzene.

A solution of 4-nitro—o-phenylenediamine (AwNOZ) was
prepared fresh every 48 hours (0or sooner as required)

by dissolving 0.25 g of the reagent in ea. 1 MHC1 and
extracting the solution x3 with ea. 25 ml portions of
nanograde benzene. This solution was stored refrigerated
in a plastic automatic dispenser. A 0.1 Msolution of the
disodium EDTA salt was prepared in deionized water and
stored in a similar fashion.
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5 n each of the EDTA and 4-10, sol utions were added to
the cleaned, filtered sea water sanples. The funnels were
shaken and allowed to stand foOr at least 2 hours after
whi ch 2 ml of nanograde benzene were added and the piaz-
selenol derivative was quantitatively extracted by vigorous
shaking of the separator funnel for 5 mnutes. A 2 nl
portion of the benzene |ayer was subjected to G.C anal ysis
imediately. See Gosink and Reynol ds (1975) and Gosink
(1975); the latter specifically for details of the instru-
mental . anal ysis procedures.

iv) Chromium by GLC (T. A Gosink)
Sanples fromthe drop-top Wiskin bottles were filtered as
described for Se. The filtrate (225-230ml1) was added to
a pre-cleaned bottle containing 20 mM of Hfa and 5 m of
buffer solution. A stock solution of Hta (trifluorc-
acetylacetone) Was prepared by diluting 1 ml of reagent in
100 =1 benzene and stored refrigerated. The buffer solu-
tion was prepared in a teflon separator funnel by adding
28 g reagent grade sodiumacetate and 4 nl glacial acetic
acid to 300 m of deionized water. This solution was purified
by adding 100 ml of the Hta stock sol ution, shaking the
solution and allowing it to stand overnight. The aqueous

phase was washed twice with 100 ml of fresh nanograde benzene.

The sanples prepared as described above were shaken period-
ically over a 24 hour period (the reaction is quantitative in

approxi mately 2 hours at anbient |aboratory tenperatures
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or in. 10 mnutes at 55-60° ¢). A 1-2 nl port-ion of the
benzene solution Was then washed twice with 2-4 nl portions
of 0,1 M NaOH in a clean teflon~lined SCrew cap culture tube
with a 2 ul portion. used for analysis (Gosink, 1975).

V) Other metals Dy neutron activation analysis (D. E. Robertson,

and H V. \eiss)

Details of analysis methods are not yet avail able.

b. Biota

| i) Chromum by GLC (T. A Gosink)
Wi ghed oven dried (110'C) portions of biota supplied by
other OCS investigators were digested in teflon beakers
using nitric and sulfuric acids. The digests were brought
to a pH near 5.5 and placed in polypropyl ene bottles con-
taining buffer and #fta (see above) solutions. Digested
sanpl es were analysed by GLC as described for sea water
above.

ii) Seleniumby GLC (T. A Gosink)

Sanpl es were placed in pre-weighed teflon-lined, screw-
cap, culture tubes containing 2-4 m of 1-3 M HNO,on
board ship. In the laboratory the acid stored sanples
were quantitatively transferred to Kjeldahl flasks, along
with 2 ml of the acid digestion mixture and 5 m of core
HNO, . The flask and contents were heated for 1 nminute after
the evolution of white fumes were evident (about 20-25 m n-
utes). If charring occurred at any time during the diges-

tion procedure, the sample had to be di scarded because of
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potential quantitative loss of sclenium. After the flasks
had cool ed, the contents were stripped of any additional
volatile interferring cowponents by bubbling a vigorous
stream of air through the digest, and then 2 m of concen-

trated N, 0l were added. The solutions were adjusted to

4

a pH >2 with 3 ¥ NH,01 and then 2 ml each of EDTA, 4—1102

4
and nanograde benzene were added. After 2 hours the tubes
were vigorously agitated for 1 mnute to extract the piaz-
selenol into the benzene phase. After separation in a small
separator funnel, a 2 ul portion of the benzene was sub-

jected to immediate gas chromatographic anal ysis.

iii) Cadmium copper, nickel, and zinc by AA (D. C. Burrell)

Most sanples were initially rinsed with pow, stored in

pol yethyl ene bags, and freeze dried. Where applicable, shells
were renoved after this step, and. the remmining tissue was
ground to a fine powder using a nortar and pestle. For

the crab sanples, only legs and claws were treated as above.
Pollock and rock sole sanples were partially thawed then,
using a glass shard and plastic knife, the skin was renoved

and underlying flakes of tissue removed and freeze dried.

All glassware was cleaned with "Nochromix", 107 HC1 and
DOW. Approximately 1.0 g of powdered sample was wei ghed
into a cleaned 35 M centrifuge tube and enough DDW added
to danpen the sanple. Digestion was acconplished using the

nitric acid, vapor phase method of Thomas and Smythe (1973).



C.

Sedi nent

)

After digestion, a wvolume of approximately 10 ml of

solution remined. The tubes Were then inserted into a
cust om wade "furnace" whi ch consi sted of nichrome heating
wires wapped around pyrex cylinders, the whol e being
asbestos insulated and supplied via a variable power source.
The solutions were slowly reduced in volunme to ea. 1 n

and, while still warm 50% 5,0, sol ution was added until
frothing ceased to effect a final clearing of the sanple

solution. These latter were finally brought to vol une

and analysed by atomic absorption spectroscopy (AA).

Al'l standards used for the biota analysis have been prepared

using a matrix prepared from digests of the same species to

be analysed.

Cadm um copper, nickel, and zinc in sedinent extracts

(D, C. Burrell)

Sedi nent sanples were allowed to thaw and were placed

in containers for low-temperature (< 60°C) oven drying.

Cu. 0.5 g was weighed into a bottle fitted with a teflon
cap-liner. All glassware was pre-cleaned as noted above.
25 m of mxed acid -- reducing reagent (1 M hydroxylamine
hydrochl oride - 25% (V/IV) acetic acid as described by
Chester and Hughes, 1967) was added and the sanple shaken
for four hours on an automatic shaker. The sample was

then filtered through a Whatman #42 paper into a cl eaned



35 m centrifuge tube. 1 ni of concentrated HNO, was
added to the filtrate which was slowy reduced in vol une
to funes of HNO using the multiple “furnace” device noted
above. Followi ng this step, the sanple was allowed to
cool, diluted to volume (ez. 25 ml) and analysed for the
appropriate elements by AA

ii) Chromium {T. A Gosink})
Approxi mately 10 grans of surface sedinent from a Haps or
van Veen grab sanpler was stored frozen in an all poly-
propylene bottle. A weighed portion of dried sediment
was prepared for solution by the method Of Presley et al.
(acetic acid and hydroxylamine) as reconmmended on page 3-¢%
in the BIM-0CS Summary Recommendations of the Trace Metal
and Hydrocarbon Sem nars, Septenber 8-12, 1975. The sanples
prepared as described above were shaken periodically over
a 24 hour period. (Reaction is quantitative in approximately
2 hours at warmroom tenperatures, or 10-15 minutes at 55~
60°C.) A 1-2 m portion of the benzene solution was then
washed twice with 2-4 m portions of 0.1 MNaCH in a clean
teflon-lined screwcap culture tube. A 2 yl portion was
used for gas chromatographic analysis. These solutions of
Cr(fta)3 are quite stable for storage, but in the case of
these particulate sanples a 2 to 4 day period was required

to destroy some of the al um num chelate present which also

formed quantitatively under the above conditions, and masked

the chrom um peaks.
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i) Selenium (T. A. Gosink)
1 to 5 g sanples of surface sediment were inmediately trans-
fered t0 small pre-weighed, all pol ypropyl ene bottles con-
taining about 10 m of 1-3 1 HNO, . These latter were then
treated and analysed as described above for the biota.

iv) Total nercury by maa (H V. Weiss)

Just before preparation for anal yses the sanples were thawed,

m xed thoroughly and separate aliquots were rempoved for neutron
activation analyses and dry weight determination. The water
content was measured by wei ghing sedinent before and after
treatment at 110°C for one hour. From 2-3 grans of sedinent
were placed in an irradiation vial and 3 ml of concentrated

nitric acid were added.

The conparator consisted of 1.0 pg of mercury as the nitrate
in 10 m of concentrated nitric acid. The nitric acid blank
was conprised of three irradiation vials each filled with

14 nl of concentrated nitric acid.

Sanpl es, comparators and blanks were irradiated for 2 hours
12

‘

at a flux of 10%% neutrons cm 2 sec T in a * Lazy Susan”
rotated at 1 rpm about the core of the TRIGA reactor at
the University of California, Irvine. The irradiations
were made at 1,500 to 1,700 hour, and the follow ng norning

sanples were processed to attain radiochemical purity.



Sediments were digested in a nitric- and sulfuric-acid
mxture as described previously (WIlians and Weiss, 1973).
The sediment was prepared further for radiochemical puri-
fication by addition of 25 ml of concentrated anmoni um
hydroxi de to the digest, and the mxture was filtered

If, at this stage, pebbles were detected in the residua

sediment, they were renoved and the sanple was corrected

for their weight.

Ten mg of nercury carrier was added to the water sanples
and the nitric-acid blanks. The nitric-acid blank was
reduced in volune to about 10 m. \Water sanples and blanks
both received 9 nl of concentrated anmoni um hydroxi de and
10 ng each of potassium and sodi um chloride (these quanti-
ties of chlorides were also added prior to the succeeding

precipitations) ,

To the filtrate was added 2.5 m of freshly prepared stannous
chloride. The precipitated nercury metal was col |l ected by
centrifugation. The precipitate was dissolved in 5 nl aqua
regia;, 5 ng of copper (as nitrate) was added and the sol u-
tion filtered. The reduction of mercury to the metal was
repeated and the solid collected by filtration. The pre-
cipitate was again dissolved with 5 ml aqua regia (1 or 2
drops of concentrated phosphoric acid were added to the

wat er samples), and the solution was neutralized with

5 m of concentrated anmoni um hydroxi de. Hydrogen-sul fide

£E9 62
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gas was passed through the pH-adjusted solution and the
precipitate was collected by filtration. The mercuric
sul fide was of sufficient purity to permit immediate
neasurement.  The comparator was neutralized with 9 m of
concentrated anmoni um hydroxi de after the addition of
nercury carrier, and the nercuric sulfide was precipitated

and collected for neasurenents.

Usual Iy, the processed nercury sanples as well as nercury
carrier standards (10 mg nercury) were re-irradiated for

5 sec. Through conparison of the activity level of the
sanples and standards, the carrier yield was conputed

and the counting rate in the original irradiation was
corrected for this factor. Alternatively the carrier yield
has on occasion al so been determ ned by atomnic absorption

spectrometry.

The radi oactive neasurenents were nmade with a sodi umi odi de

detector coupled to a 400-channel pul se-height analyzer.

197
Hg

were integrated by the nethod of Coven (1959). The stan-

The counts attributable to the 77-kev radi ati on of

dard deviation for this analysis is less than 10%

Total Fe, Mh, Zn, Ni, Cu in archived Beaufort Sea sedi nents

(A S. Naidu)
Splits of sanples froman archived sedinent suite were taken
for heavy metal anal yses. The archived sedinent sanples

have been stored in a frozen state in acid rinsed polyvials,

- .63
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and were originally collected with the specific purpose

to conduct chenical- analyses on them. The middle and outer
shel f sanples were separated, using a Teflon-coated spatul a
either from the core of van Veen grabs, or fromthe tops

of ametal-free gravity cover. A few sanples represent
surficial portions of short trigger core sanples retrieved
in plastic core liners. The sedinent sanples fromthe
relatively shall ow Prudhoe Bay area, were collected in the
summer of 1974 by divers, who scooped a portion of undis-
turbed bottom surface sedinments directly into acid-rinsed
polyethene boxes. All these sedinents were stored in a
frozen state until analyses. The middle and outer shelf
sanpl es were obtained from USCGC ice breakers Staten Island

and Glacier in 1969 and 1971, respectively.

Details on the techniques followed for the chemcal analysis
of sedinents have been described by Naidu and Hood (1972).

In short, gravel-free sediment sanples dried at 110°C over-
ni ght were pulverized to fine powders using an agate nortar
and pestle. A known weight of these powders was first ashed,

and then digested in concentrated HF-HNO, acid follow ng the

3
procedure given by Rader and Grimaldi (1961). Fromthe
solutions thus obtained the concentrations of Fe, M, Cu,
Ni, and zn were analyzed in a Mddel 303 Perkin-Elmer atomc

absorption spectrophotometer.



Vi) Granulometric and clay mneral conposition of sedinents

from the Gulf and Bering Sea (A S. Naidu)

Granulometric conposition of the sediments were anal yzed

by the conventional conbined sieving-pipetting net hod.

Prior to analysis, representative portions of each of the
sedi ment sanples were treated with E,0, to remove organic
matter. The mud fractions (< 62my) of the sediments were
collected after wet-sieving the sedinents through a 230-
mesh sieve, and the particles in them were disaggregate
into honobgeneous suspensions by repeated washings in double
distilled water and, if necessary, by adding a few drops

of Ammoni um hydroxide. Fromthese suspensions, the weight
of the silt and clay sized particles were determ ned by
following the Stoke's Law. Gain Size analyses were |imted
to the determnnation of the weight percents of gravel, sand,

silt, and clay sized particles in sedinents.

Cay mneral analysis was perfornmed follow ng the method

el aborated by Naidu et al. (1971) and Mowatt et al. (1974).
Briefly, it consisted of first treating each of the gross
subsamples Wi th H202 to remove organic matter. The organic-
free sanple was then wet-sieved using a 230-nmesh sieve, and
the suspensions finer than 62 my fraction were collected into
long cylinders. From honogeni zed suspensions the |ess than

2 mu e.s.d. (equivalent spherical diameter) particles were

separated, using Stoke's Law. After centrifugation the



solids were collected and mounted with preferred orien-
tation on glass slides, adopting the smear technique
described by Gibbs (1.965). X-ray diffraction patterns

of each of the clay slides were obtained on a Phillips-
Nerelco X-ray unit having a scintillation counter. Glycol
solvation, as well as fast and slow scan techniques were
enployed to assist in routine identification of clay mnerals.
From the remaining sanples of the less than 2 mu e.s.d.,

the less than 1 my e.,s.d. will be separated. This work has
yet to be started. Treatnment of aliquots of the less than
2 mp e.s.d. fractions with ionic solutions of Mg and K are
in progress. Al clay mneral quantifications in this study
are based on the method given by Biscaye (1.965), and is at
best sem quantitative. The general precision of clay

mneral analyses has been better than 10 percent.

F.  Accuracy and Precision

1. Water

There are many uncertainties associated with the analysis of dissolved
trace metals in sea water. These errors may be broadly grouped into those
associated with sanpling, handling and storage, and analysis procedures,
respectively. It is generally conceded that the major problens - especially
non-systematic errors - are associated with the pre-analysis Steps.

W have attenpted to standardize sanpling and initial treatnent of the
water as far as possible so that all associated investigators in this
program obtain their samples collected, filtered, acidified and stored in

exactly the same fashion. Because there are no established techniques for



performng these operations (especially for deep sanples) we have continu-
ously nodified and attenpted to inprove our techniques on each successive
cruise through the present contract period. This has unfortunately re-
sulted in each batch of data having been treated in a different fashion in
sone respect so that inter-cruise data are not strictly conparable. For
exanple, it was noted in last years report (Burrell, 1975) that sanples
filtered for polarographic anal ysis appeared to be frequently contani nated.
Consequently, during the initial cruises of this year, we elected to ana-
lyse unfiltered water. On the final cruise, however, an in-line filter-
rig (designed by Batelle N.W. Laboratories) was used. Simlarly water
sanpl es have acidified exclusively with Ultrex grade acids on all the
| ater cruises, water has been collected in 10 1 capacity, drop-top design
Ni skin bottles which have been acid rinsed prior to use, and sanples have
been stored in 1 liter polyethylene bottles froma single batch especially
prepared for this program

On each cruise we have collected additional sanples for analysis by
NBS and on the Decenber Discoverer cruise a nunber of sanple replicates
were collected fromfour deep stations to serve as intercalibration sanpl es
for various external laboratories. Several of the elements determined in
this program are also being analysed by nmore than one technique. Al such
intercalibrations are, of course, tests only of the analysis procedures
used. Since there are no established standards, accuracy nust be gauged
via conformty with a mean or consenus value (within specified precision
Iimits) for each element. W would reiterate that it is to be expected that
the errors associated with the procedures prior to the final instrunental

analysis will control the overall accuracy.
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There are far too few reliable published values of trace metals in
sea water available which mght [ead to designation of “nean oceanic
ranges” agai nst which data from this and simlar prograns could be tested.
Mean val ues recently conpiled by Brewer (1975) are given in Table XV.

It should be noted that nost of these values have been selected fromthe
| owest ranges cited in the recent literature. Contam nation (addition)
errors are certainly very conmon, but adsorption and other subtraction
errors are also prevalent, and the assunption that the | owest determ ned
val ues are necessarily more accurate is not justified.

Precision testing for all the individual analytical procedures empioyed
for water analysis in this program are not yet available, but sone prelimin-
ary discussion follows:

a. Cd, Cu and Pb by anodic stripping voltammetry: Precision data for
replicate determnations of two individual water sanples are given in
Table XVI. It should be noted that the percent coefficient of variation
data have been inproved over those cited in last year's report (Burrell,
1975) . In either case, the analytical precision via this technique would
appear to be excellent. W have not deternmined corresponding inter - and
intra - (shipboard) sanpling bottle precision ranges within this program
However, with care, these systematic errors need not be large. 1In a
simlar study, Heggie and Burrell (1975) have given values of 7.2% and
9.2% as the coefficient of variation for replicate sanples fromone in-
dividual Niskin bottle, and for replicate costs with a single Niskin bottle,
respectively. It should not be inferred that data for the ship-board,
drop-top Niskin bottles used in this programw |l be identical, but it is

likely to be conparabl e,



TABLE XV

Publ i shed conpilations of nean sol uble contents of heavy metals in
seawat er and concentration factor data (x 10-3) for
phytoplankton and Mytilus edulis

El enent Seawat er * Phytoplanktonb MytilusC
Ag 0.04 25 0.3
As 3.7
Cd 0.1 100
co 0.05 1.5
Cr 0.3 2,4
Cu 0.5 30 3
Fe 2.0 45
Hg 0.03
Vh 0.2 4
Ni 1.7 5 14
Pb 0.03 40 4
Sh 0.24
Se 0.2
Vv 2.5 0.6
Zn 5 26 9

% Brever (1975)
bLowman et al., (1975)

“Brooks and Rumsby
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TABLE XVI

Precisi on data for the analysis of soluble
Ccl, Cu and Pb in two seawater sanples
by thin-film anodic stripping voltammetry

Cd Pb Cu

N.W. Qul f of Alaska sanple no. 1.60, 0 m

x (ng/1) 0.03 0.075 0.25
n 7 1 6

o 0. 0029 0.004 0.041
o (9 10 5.5 16

N.W. Gulf of Alaska Sample No. 146, O m

x (ng/1) 0.03 0.08 0.24
n 6 6 6

o 0. 0032 0. 0039 0.021
o (9% 10.5 5 9
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). ¢r by gas chromatography: The results of accuracy and precision
tests for the analysis of chromium in solution via the procedures described
above are given in Table XVII. 1In a replicate sanpling test (five sanples
collected froma small boat in the w.w. Gulf of Alaska) the nmean val ue
and precision range for chromumwas 0.30 -+ 0.01 ug/1.

2. Biota

Ve have had no control over the collection or storage of the biolo-
gical sanples used in this program. Hence neither statistical sanpling
procedures, nor errors associated with collection and storage, can be con-
sidered here. Results of precision/accuracy tests for some of the analy-
tical procedures used in this study are not yet available.

a. Cd, Cu, Ni, Zn by flame and furnace atomc absorption: New pre-
cision tests have not yet been conpleted but, since procedures are sub-
stantially unchanged, the data given in Burrell (1975) are closely app-
licable. Sure recent values obtained for these nmetals in the NBS Orchard
Leaf Standard (No. 1577) are given in Table XVIII.

3. Sedinents

No analysis results for sedinent extracts are yet available but it
is not, in any case, possible to determne the accuracy of such data be-
cause no standards are available.

a. Cr in sediments by gas chromatography: Table XX gives total
chronmium val ues of a series of sediment sanples, together with one stan-
dard rock, determined using both GLC (T. Gosink) and flame atom C absorp-
tion (A. S. Naidu).

b. Total Fe, Mn, Cu, NI and Zn in Beaufort Sea sediments by flane
atomic absorption: Dr. A S. Nadu reports precision values of + L and 12%

for Fe, My, and Cu, NI, Zn respectively.
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TABLE XVII

Accuracy and precision tests for sol uble chrom um
_ (ug/ml)
using gas-liquid chromatography
via replicate analysis of known additions

Test Added Det er m ned n a
1 1.12 x 10-" 1.11 x 10- 4 0.1 x 107+
2 1.12 x 10-° 1.21 x 10-° 4 0.13X 10-°
3 1.12 x 10-° 1.41 x 10-° 4 0.8 X 107
4 6.6 x 107 % 8.0 X 10 4 4.5 x 10-*
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TABLE XVIIT

Accuracy values for Dbiota analysis

(ug/g dry weight * one standard deviation}
NBS Standard # 1577 Orchard Leaves

Metal This study* NBS certified value
cd <1.5 011 + 0.02

Cu 12,6 £ 0.1 12 £ 1

Ni <5 1.3 = 0.2

Zn 23.0+ 2.1 25+ 3

*n =05 replicates
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TABLE XJX

Analysis intercalibration for tozal chiromium contents Of sediments
(wg/kg dry weight)

Sample GLC* AN’
G2°© 10 13
1 48 42
2 48 57
3 77 75
4 92 74
5 87 65
6 59 59
1 55 37
8 47 53
9 64 46
10 64 47

a - gas-liquid chromatography - T. Gosink, analyst
b - Flame atom c absorption - A S. Naidu, analyst
c - USGS Standard Rock &, average value 9 (range 5-28) mg/kg



VI. RESULTS
The first results of the anal ytical procedures applied to the sanples
descri bed above have now been obtained. Most of the data will, however,

be generated in the | atter part of the contract period.

A Water

Voltammetric anal ysis has been conpleted on the RV Townsend Cromwell
crui se sanples collected in the N.E. Qulf in May (Table XX). These data
are for unfiltered sanples and | ead val ues were not obtained. Data for
sol ubl e cadmum copper and lead on 0.4 yu filtered sanples from the s. Bering
Sea and N.W. Gulf of Alaska are given in Tables zxr and XXII. Zinc values will
be provided at a later date, and nickel contents are currently available
only for Bering Sea sanples (Table XXI). Filtered and unfiltered chrom um
values for the S. Bering Sea are given in Table XXIIl and for soluble sel enium
and chromumfor the N.w. Qulf in Table XXIv. T¥o activation analysis data are
available at this time.
B. Biota

Qur nost conplete sample collection to date is for intertidal benthos
fromthe Qulf of Alaska. Tables xxv and XxXVi give heavy metal contents of
Mytilus and Fucus sanples respectively. Table xxviI lists total mercury cont-
ents for a set of commercially obtained crab samples fromthe .. GQulf area and
Table XXVI11 other heavy metals for crab received fromone of the trawl cruises,
also in the Nx.£. Gulf of Alaska. In Table xxix are listed metal data for
Neptunea samplcs COl |l ected on the latter trawl cruise (N.E. Qul f; July 18
to August 7); the reader should note the comrents on this data set in the

follow ng section,



TABLE X

N.E. Gulf of Al aska

Sol ubl e Heavy Metal Contents (ug/1)

Townsend Cromwell

21, 1975

May 6 -

Zn

Cu

Depth (M

Station No.
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TABLE XXI

S. Bering Sea

Total contents of heavy metals in unfiltered water (ug/l)

Discoverer June 2~19, 1875

Cu Ni

¥b

Dept h

Station No.

0.65

0.45

02

0.45

0.45
0.32
0.45
0.75
0.80
0.50
0.35
0.32
0.74
0.36

06

0.95

08

0. 60

10

0. 60

0.04

12

0. 60

0.06
0. 04
0.09
0.04
0.09
0. 04
0.11
0.03
0.05

13

0.70

75
0

14

130
0
110

17

0.80

0.58
0.27
0.36

1
0.14
0.16

0
65

19

0.50

21
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0.34
0. 60

0.49
0.23

0.20
0.36
0.11

60
145

0.60

0.30
0.20
0.48

53
54
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Cd Pb Cu N

Dept h

Station No.

0.40
0.45
0.40
0.33
0.35
0.42
0.30
0.35

0.25
0.20
0.16
0.07
0.13
0.16
0.09
0.08

0.03
0.11
0.03
0.02
0.02
0.02
0.02
0.03

0
62

56

45

57

30

59
60

0

62

45

80

64
65

0%
100

0.04

69

0.50

105

*Filtered sanple
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N.W. Gulf of Al aska

ABLE XXTI

Heavy metal contents of filtered (0.4u) water (1 1g/1 ) Discoverer Qctober

8- 1.6, 1975

Sample No. Depth (m) Cd Pb Cu
101 0 0. 025 0.07 0.35
80 0.03 0.08 0.25
102 0 0.03 0.08 (0.94)
100 0.025 0. 05 0 .
104 0 0.03 0, 04 0.20
95 0.05 0. 05 0.24

119 0 0.02 0. 025 0. 26
240 0.03 0.035 0.16

120 0 0.04 0.13 0.42
280 0. 06 0.06 0. 26

121 0 0.04 0. .33

220 0.04 0.05 0.17

122 0 0.025 0.08 0 .
40 0.03 0.07 0.23

124 0 0.025 0.15 0.28
105 0.05 0.10 0.24

133 0 0.025 0.07 0.
65 0.04 0.13 0.32
135 0 0.02 0.07 0.28
140 0.025 0.06 0.22
137 0 0.035 0.10 0.30
95 0.025 0.05 0.19
145 0 0.035 0.07 0. 26
60 0.03 0.08 0.20
146 0 0.03 0.08 0.24
65 0.035 0.14 0.90
147 0 0.03 0.06 0.15
95 0.035 0.05 0.16

148 0 0.025 0.06 0.35
100 0.04 0. 06 0.20
156 0 0.035 0.17 0.26
150 0. 04 0.19 0.15

157 0 0.05 0.13 0.25
50 0.045 0.17 0.25

158 0 0.05 0.42 0.27
90 0.03 0.07 0.20

159 0 0.03 0.08 0.27
90 0.02 0.05 0.33
160 0 0.03 0.08 n.25
135 0.04 0.08 0.12

518
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TABLE XXIIT
S. Bering Sea
Sol ubl e cr data (ug/1) Discoverer Leg III

Septenber 25 - Cctober 3
(Filtered sanples at 0.45u)

Station No. Depth (m Filtered Unfiltered
48 3 0.29 0.69
150 0.14
51 3 0.16
1500 0.14
54 3 0.15
98 0.07
66 134 0.03
56 61 0.04
59 3 0.02 0.14
33 0.12 0.11
41 3 0.73
28 Tr
24 3 0.37
40 Tr
8 3 0.30
18 0.27
12 3 0.06
76 0.13
35 3 0.22
155 0. 07
19 71 0.1.4
46 65 0.92
37 3 0.59
70 0.08
17 114 Tr
80
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TABLE XXIV
N.W. Gulf of Alaska
Sol ubl e Se (ng/1) and Cr (pg/l) Discoverer Leg IV

October 8-16, 1975
(Filtered sanples at O 45u)

Station No. Depth (m Se (rigll) Cr (ug/1)
156 3 2.8 -
125 4.0
158 100 Tr
159 3 0.8
148 3 5.2
100 n.d.
160 3 n.d.
135 n.d.
137 3 4.4
95 n.d.
133 3 n.d. 7.64
70 n.d. 5.64
124 3 n.d. n.d.
105 n.d. 0.06
119 3 n.d. 0.23
200 n.d. n.d.
101 3 n.d.
85 n.d. n.d.



TABLE XXV
N.E. Gulf of Alaska

Heavy metal countents Of Mytilus samples
Intertidal col |l ection, Avgust 1975

(ug/g dry weight)

Cd Cu Ni n
Sundstrom | Sl and 5.2 8.4 <5
Zai kof Bay 4.3 11.1 <5 27
Saints Bay 6.1 10. 2 <5 30
Cape Nukshak 4.5 12. 4 <5
Port Etches 3.8 10.0 <b
Anchor Cove 5.9 10. 8 <5 31
McLeod Har bor 4.0 9.0 <5
La touche 2.9 7.2 < 25

£0
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Heavy netal .

TABLE XXVI

(ug/g dry weight)

contents of Fucus samples from the QUlIf of Al aska

Cu Ni Cd Zn
McLeod Harbor 16. 8 7.9 4.1 21.8
Anchor Cove 26. 6 1.5.6 3.3 21.5
Saints Bay 7.5 9.5 6.1 18.3
Zaikof Bay 16.7 9.2 4.0 15.9
Point Di ck 7.8 9.4 3.5 15.8
Lundstrom Island 6.8 6.1 7.0 18. 8
Katecta 17.0 9.8 2.0 16. 4
Cape Nukshak 6.8 6.8 6.1 -
La Touche 5*9 5.3 3.1 -
Port Etches 10.4 7.3 2.3 15. 3
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TABLE XXVII

Mercury content of crab sanples from Qulf of Alaska
(ug/s dry weight)

Sanpl e No. Hg
17 0.22
20 0.23

5 0. 27
16 0.25
18 0.35
10 0.55
12 0.32
15 0.24

9 0. 30
13 0.44
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TABLYE XXVIIT
N.E. Gulf of Alaska

Heavy metal contents of crab samp es
Traw cruise July 18 - August 7

(ug/g dry weight)

Sanpl e No. Cd Cu Ni Zn
1 <1.3 45. 6 <5 135
3 1.3 30.1 <5 133
5 3.4 69. 8 <5 82
6 2.5 132. 6 <5 118
9 2.2 46. 6 <5 81
25 1.7 65. 2 <5 140
28 3.2 58. 2 <5 128
35 <1.3 53.8 <5 149
36 2.0 65. 3 <5 125
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TABLE XXIX
N.E. Gulf of Alaska
Heavy metal cor itents of FHeptunea sanpl es

Trawl eruise July 18 - August 7
(pg/g dry weight)

Sanpl e No. Cd Cu Ni Zn
8 54.9 208.9 <5 290
18 142.3 410.4 <5 409
31 49.5 235.1 <5 357
41 85.8 245.1 <5 627
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c.  Sedinent

The chronium contents of the coexisting particul ate material for
whi ch soluble data are given in Tables X%IIT1 and ¥XIV are listed in
Tables ¥XX and X¥XT for the S. Bering Sea and N.W. GQul f of Al aska respectively.
Figures 3.0, 11, and 12 show the localities of non-contaminated Haps core
sanples collected for this program to date, but only data for mercury in XN.E.
Qul f samples arc presently available (Table XXXII).

Total diron, manganese, zinc, nickel and copper values for the archived
Beaufort Sea sanples discussed in previous sections (localities shown in
Figures 4 and 5) are given in Table XIXIII.

Figures 13, 14 and 15 show the localities of sediment sauples for the
N.E. and N.W. Qulf of Alaska, and for the S. Bering Sea which have been
analysed up to the tine of conpilation of this report for sone sedimentological
and nineral ogical paraneters. The percentage of gravel, sand, silt and clay
for surficiel sanples fromthe N.E. and W.W. QuIf of Alaska are given in
Tabl es XXXIV and XXXV. Tabl es XXXVI, XXxVII and XXXVIII show the wei ghed
peak area percentages of the clay mnerals (after Biscayne, 1965) in the
l ess than 2 um e.s.d, glycolated fraction of the N.E. and w.w. Qulf of

Alaska and the S. Bering Sea respectively.

VIl . DI SCUSSI ON
This section can be in the nature of an interimreport only since
so few data are yet available. Even sone of the values cited here are poten-
tially subject to revision. A nore conplete evaluation will. be given at the

concl usion of the contract period,



TABLE XXX
S. Bering Sea
Total chrom um contents of particul ate sediment (ug/% CO-existing

water; particulate material defined by 0.45: menbrane filter)
Discoverer Septenber 13 - Cctober 3, 1975

Stations Depths (M) G (ugl/2)*
8 3 Tr
18 n.d.
12 3 n.d.
76 n.d.
17 3 Tr
19 3 n.d.
71 n.d.
24 3 n.d.
40 0.14
41 3 0. 36
28 n.d.
46 3 0.12
54 3 n.d.
59 3 0.2
33 n.d.
PMVEL 46 3 n.d.
O f Nelson Lagoon Tr
Izembeck Lagoon n.d.

*n.d. - not detectable above background
Tr - 0.04 - 0.10 ug/e above background
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TADLE X¥%I
N. W. Gulf of Alaska
Total chromium contents of part iculate sediment (ug/f co-existing

water ; particulate sediment defined Dy 0,45y meombrane filter)
Discoverer Qct ober 8-17, 1975

Stations Depth (m G (ug/o)*
101 3 n.d.
85 n.d.
119 200 n.d.
124 3 Tr
133 3 n.d.
70 n.d.
137 95 n.d.
145 3 a.d.
148 100 n.d,.
160 3 n.d.
135 n.d.
164 n.d.

*n.d.-not detectable above background
Tr~0.04-0.10 nug/2 above background

Y
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TABLE XXXIT
N.E. Gulf of Alaska

Total mercury contents of surface sediment (ug/kg dry weight)
Discoverer Kovember 22 - December 2, 1975

Stations Hg (ng/kg)
2 67
5 33
7 49
8 35

25 31
26 30
29 23
30 11
33 39
39 65
44 33
48 46
49 57
50 60
51 50
52 52, 54
53 47
54 42
56 32
57 60
58 36
59A 59
60 57
61 45
62 28
63 49
68 55
69 52
110 19
93
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TABLE ¥XXITI

Beaufort Sea

Total heavy metal contents of sediments (gravel free, dry weight)
Sample NO. Fe (%) Mo (% Zn(ug/g) Ni(ug/g) Cu(ug/g)
Mddl e and Outer Shelf
GLA71-1 2.18 0.028 102 45 28
GLA71-3 2.40 0. 026 86 39 24
GLA71-12 2.80 0.034 110 53 39
GLA71-23 2.80 0. 044 119 57 38
GLA71-25 2.55 0. 050 111 55 35
GLA71-27 1.55 0. 040 82 33 18
GLA71-44 2.22 0. 059 91 45 25
GLA71-63 2.75 0. 049 109 51 35
GLA71-71 2.12 0. 037 97 49 60
GLA71-72 2.80 0. 100 91 51 44
GLA71-78 3.55 0. 063 111 66 47
GLA71-80 3.25 0. 059 115 62 38
BSS-61 3.85 0. 050 103 70 73
BSS-82 2.42 0.220 77 45 40
BSS5-83 3.44 0. 030 75 41 43
BSS-88 3.08 0. 030 90 47 61
| nner _Shel f
70BS-18 1.88 0.023 93 27 11
70BS-19 1.70 0.018 30 17 7
70BS-21 2.05 0. 035 93 40 24
70BS-22 1. 65 0. 027 84 37 24
7 1AJT-5 1.48 0.024 60 24 13
71AJT-16 2.15 0. 026 89 40 26
71AJT-19 1.85 0. 026 84 34 7
71AJT-20 1.70 0.032 100 43 26
71AER-15 1.85 0.031 91 43 24
72A3T-3 0.91 0. 032 88 34 22
72AJT-4 0.90 0.033 95 40 23
72A)T- 5 1.48 0.024 60 24 13
72AJT-6 1.43 0. 027 “60 22 10
72A3T-7 0. 65 0. 036 120 41 24
72AT-8 2.28 0.042 115 51 32
72AER-129 2.40 0.031 108 45 30
72AER-134 1.20 0. 025 115 52 39
72AER-137 0.98 0.015 38 19 10
72A¥R-166 2.58 0. 024 58 40 22
72AER-167 1.33 0. 020 93 32 18
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Sample Wo. Fe (%) M (%) znug/g) Ni(pg/g) Cu(ug/g)
72AER-168 2.68 0.027 108 43 28 -
PDB74-34 1.33 0.023 95 33 16
PDB74~38 1.85 0.028 95 32 11
PDB74-39 1.03 0. 027 123 37 13
PDB74-40 1.20 0.022 79 22 10
PDB74~471 1.48 0.035 104 44 28
PDB74-43 1.26 0. 029 123 25 12
95 B0
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TABLE XXXIV
N.E. Gulf of Alaska

Sedi ment grain-size analyses (weight %)

Sanpl e No. G avel Sand Silt C ay
01 Tr 1.09 37.10 61. 82
03 Tr 0. 40 31.92 67.68
04 Tr 0. 42 30.70 68. 87
05 3.12 16. 84 20. 25 59. 80
06 6. 28 37.69 23. 42 32. 62
07 Tr 36. 11 21.59 42. 30.
25 1.18 44. 96 33. 42 20. 44
28 0.27 6. 87 52. 66 40. 20
31 Tr 1.68 62. 70 35. 62
32 Tr 0.42 51.09 48. 49
39 Tr 0.10 61.15 38.75
40 Tr 0.23 44.53 55. 24
41 Tr 0.31 49. 57 50. 12
42 Tr 10. 58 58. 88 30. 54
43 Tr 4.39 35. 85 59. 76
48 19 .95 15. 54 33.51 31.00
50 Tr 0.44 37.83 61.72
57 26. 59 14. 20 29. 39 26. 83
58 Tr 3 47.00 49.59
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N.W. Gulf of Alaska

TABLE XXXV

Sedi nent grain-size anal yses (weight %)

Sanmpl e No. Gravel Sand Silt C ay
101 10.95 89. 05 Ty Tr
104 16. 48 63. 32 5.54 14. 65
119 21.73 20. 93 27.61 29. 67
120 0.19 0.33 43.19 56. 29
121 Tr 1. 40 55. 80 42.79
122 9.32 90. 68 Tr Tr
124 9.65 57.25 20. 34 12.76
131 Tr 26. 26 38.01 35.73
135 1.31 63. 72 18. 47 16. 50
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TADLE XXXVI
N.E, Qulf of Al aska

Cay mneralogy of < 2y sedinment size fraction
(% wei ghed peak areas; see text)

Sanpl e Kaolinite  Illite
No. Smectite I1lite Kaolinite Chlorite Chlorite Smectite

01 Tr 41 Tr 59 0 41

04 4 41 Tr 55 0 10

05 6 40 Tr 54 0 7

06 5 39 Tr 56 0 8

07 8 38 Tr 54 0 5

32 1 37 Tr 62 0 37

40 8 41 4 51 0.1 5

43 4 38 Tr 58 0 10

50 5 36 3 56 0.1 7

52 2 39 4 45 0.1 25
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TABLYE XNXVII
N.W. Gulf of Alsska

0 ay mineralopy of < 2n sediment fraction
(% weipheca peak areas; see text)

Sample Kaol inite  _TI1] ite
No. Smec ti te I1lite Kaolinite Chlorite Chlerite Smectite

104 8 52 Tr 40 0 1

119 8 59 6 27 0.2 1

120 9 56 Tr 35 0 6

121 10 57 5 34 0.2 5

124 11 50 Tr 39 0 5

134 18 51 Tr 31 0 3

135 11 54 4 31 0.1 5
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TABLE RXXVIII
S. Bering Sea

lay mineralogy of < 21 sediment fraction
(% weighed peak-areas; see text)

Sample No. Smectite Tllite Kaolinite Chlorite

8 45 10 L7 28
10 43 19 12 26
14 26 3L 6 37
19 26 34 10 3
21 25 33 8 34
26 24 38 10 2
31 25 35 11 29
34 28 33 12 27
41 19 37 12 32
42 33 30 8 29
48 30 35 0 35
53 26 31 11 32
57 15 41 10 34
62 25 33 10 32
64 2 2 45 Tr 33
65 14 52 6 28
69 23 36 12 29
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h. Water
The caveats concerning the overal |l accuracy and precision of soluble
heavy metal contents of sea water discussed above should be noted again at

this point (see also the nmore detailed discussion given in the previous report;

Burrell, 1975).

1. Cd, Cu, Zn, Ni, and Pb (D. C Burrell)

The data presented here are directly conparable with those discussed by
Burrell (1975). It should be noted that some of the values are for unfiltered
and others for filtered water sanples. J-n the latter case, particulate have
been Separated at the conventional 0.4 or 0.45 um pore-size. Values for
lead are instructive in this respect. Gven the current stat: of the art,
the multiplicity of techniques used and the general paucity of available data
from other areas, it is not considered possible to conpare these data with
those from other coastal regions of the US. in any detail at this tine.
Certainly no unequivocal trends are apparent from these coarsely spaced grids.
We have discarded some obviously suspect nunbers, particularly from surface
wat er samples where contamnations from the vessel might be expected. Un-
doubtedely other non-systematic error remains in some cases. However, these
data fall well within the range of “accepted” values from open oceanic waters.
There is no limt of anomalously high values and these coastal waters would
appear to be quite pristine.

2. Se and cr (T. A Cosink)

Sel enium data thus far are |ower than average open nean values.  Chrom um
values vary from non-detectable to those published for the average open ocean.

3. Qher metals (D. Robertson, H Weéiss)

No data yet avail able.
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Biota analysis to date has been confined to in.te'rtidal Mytilus and Fucus
and suﬁ—'«tidal érab ond Neptunea samples; all benthic species.

It should be noted that all biota samples have been freeze-dried prior
to grinding and weighing so that all data cited in this report are on a
clearly defined dry weight basis. Much of the avail-able literature data
relates to wet weight and is therefore not directly comparable Wth our
wor k (very approximately, wet weight values should he around an order of
magni tude |ess than dry weight on equival ent sanples).

It has not been possible to differentiate between the heavy metal contents
of various functional parts of the organism. This is unfortunate since whole-
organiem anal ysi s does not give a fair picture of the concentrution of metals,
or hence potential harmresulting fromthis. It was not possible to dissect
t he samples received for this study.

The two principle indicator species used” for this study, Mytilue and
Fueys, have both proved to be sensitive indicators of environnental pollution
in various parts of the world. This was discussed, With exanples, in |ast
years report (Burrell, 1975). Various crab species have also been comonly
used and were simlarly shown to be useful fromthe initial data.

1. CQu, Cd, N, and zn (D. C Burrell)

We have inproved the precision of the nickel analysis over |ast year
and can now report contents in excess of 5 ppm  The Mytilus zinc data
(Table XXV) are nuch |ower than those reported for last year. The reason
for this is unknown at the present time. There has been a slight change
in the preparation sequence (e.g. we now renmove the shell after freeze drying

rather than before) but this should not cause any major deviations.
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As a generalization, the reavy metal contents of the crab, Mytilus and
Fucus samples are as | ow or | ower than data reported from el sewhere. Ob-
viously the latter values arc biased in favor of polluted arcas. Certainly
these Al askan samples would appear to be chemically unperturbed.

The Neptunca data is cf interest inasmuch @S high contents Of Cu and
Zn, and very high contents of Cd appear to be present. Tile:.e data were
obtai ned very recently and we have not vyet conpared them with valussz from
other areas. The analysis have been repeated in our own |aboratories but
have not been checked by outside investigators. It is possible that these
particul ar sanples were contam nated by the collectors or during storage.

2. Oher clements (T. A Gosink, D. T. Robertson)

Data not yet available.

c.  Sedinent

So far data for the sedinents from the Qulf and Bering Sea are as yet
available, it is not considered to be possible to discuss this work in
any meaningful fashion at this time. A few values for nmercury fromthe
Gul f and sone Cr, Se nunbers for particulate sedinent have been given above.

1. Total Fe, M, Zn, Ni, and Cu in Beaufort Sea sedinents {(A. S. Naidu)

Cenerally, the inner shelf sediments have relatively smaller concentrations
of Fe, My, and Cu. When the heavy metal data on the mddle and outer Beaufort
Sea shelf sedinments of this study are conpared with those reported earlier
by Naidu and Hood (1972), broad regional variations in sone of the metal
concentrations are discerned. It would seemthat in the western shelf of
the Beaufort Sea the average concentrations of Mn and Cu are relatively
higher than in the central shelf.

In the absence Of statistical data showing the interclement correlations,

as well as concentrations of Fe, Mn, Cu, Ni, and 7n in the nonlithogencus
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sedi ment components (relatively more "mobile" phase), it would seem premature
at this time to discuss the overall gecchemistries of the nmetals. Oganic
carbon and carbonate contents have been analyzed on all sedinments under a
different study. This latter data will be used for understanding of the
partition patterns of the heavy nmetals in the biogenous el astic and carbonate
sedi nent phases.

2. .Granulometric and clay mnersl conpositions of sediment fromthe

Gulf and Bering Sea (A. S. Naidu)

Anal yses of the selected group of random sedi nent sanples indicated that
the deposits of the central Qulf are generally silty clays, wth subordinate
amounts of sands and trace contents of gravels. In the N.W. Qulf, relatively
hi gher anounts of gravels are docunented. The gravel fraction of sanple 120
consisted totally of shell material.

In general, the N.E. Qulf sanples have relatively |ower smectite and
illite, and hi gher chorite percents than the Al eutian shelf sanples (Tables
XXXIV and XXXV. |n addition to clay mnerals, nost Qulf sanples contain
notabl e quantities of quartz, feldspars, and anphibole. Sanple #52, appears
to have relatively higher concentrations of illite, acconpained by relatively
| ower chlorite contents. Generally speaking, the sedinments of the Qulf of
Alaska have a marked paucity of kaolinite, and the kaolinite/chlorite rati 0s
are notable [ower than nost |owlatitude shelf sedinents.

Most of the Bering Sea clays displayed poor basal peak reflections on
X-ray diffraction traces, indicating possible presence of inorganic smorphous
material in anounts |larger than those usually encountered in other shallow-
water marine deposits of Alaska. The clay mneral assenblages in these
sedi nents consist predomnantly of chlorite and illite, with subordinate

amount s of smectite and kaolinite (Table XXXVIII). As of this report witing,
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under the term smectite are included all expandable clay minerals, including
true SnMectites, possible degraded chlorites and illites, and possibl e mixed-
layered expandable clay mineral species. [In addition to the said clay mnerals,
t he southeastern Bering Sea clays have significant anounts of feldspars.

From the prelimnary data, some broad trends in the distributional
patterns of clay mneral assemblages in the GQulf of Alaska sedi nents have
been deci phered. The regional difference observed between the clay mnerals
contents in the central and southwestern (Aleutian) Qulf of Al aska, nost
likely reflects the differences in the primary terrigenous SOUrC€ material
of these clays, i.e. hinterland geology of the respective regions. The re-
latively hi gher concentrations of chlorite in the central Gulf is probably
related to the abundant presence of shales and grawacke in the inmediate
continental provenance. Likewse, the slightly higher contents of smectite
inthe Aleutian area of the Gulf presumably reflect products resulting from
possi bl e interactions between terrigenous vol canic detritus and sea water.
The Aleutian Islands are known to be constituted chiefly of alkaline wvolcanics.
From the presence of relatively low “d” reflection (002) basal peaks,. it
woul d seem nost of the "illite" in the GQulf of A aska sedinents is very likely
a weathered product of trioctahedral mca (e.g. biotite). In addition to
source, the nature of weathering prevailing in the hinterland is also reflected
in the overall conposition of the clay mneral assemblages in the Qulf of
Al aska sediments. The near absence of kuolinite and the | ow kaolinite/
chlorite ratios in these sedinents, suggest continental source rocks that
have been subjected to mnimal chem cal weathering. This contention by us
is further supported by the detection of notable amounts of hornbl ende and

feldspars, W th relatively little quartz in the clay fraction of the sediments.
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Such a mineral assemplage is considered, typical of glacially wecathered material.
based upon studies conducted on fjordal sediments of southeast Al aska (Runze
et at. , 1968).

Qur results agree in nmost cases W th other studies of clay m neral ogy
done in the GQulf of Alaska, and tend to substantiate the schene of Iatitudinal
variations of clay mnerals as suggested by Giffin ez al. (1968). The
not abl e di sagreenent between our results and those of Molnia and Fuller
(1975) relates to the concentrations of kaolinite and smectite. The rel a-
tively larger contents of smectite documented by us nost likely relates to
the slight differences in the analytical techniques followed by us and Molnia
and Fuller (1975). Qur clay sanples, unlike those of the latter authors,
were not saturated with My solutions prior to X-ray diffraction anal yses.
This may have caused any such degraded chlorites and illites, and/or degraded
m xed- | ayered chlorite and illite species present in our clays to apparently
assume the “d” basal spacings characteristic of smectite, subsequent to
glycolation. W should be able to confirmthis, as our ongoing work calls
for X-ray anal yses of Mg and K saturated clays. However, the observed
differences in the kaolinite concentrations between our studies and those
of Molnia and Fuller (1975) can not readily be explained at this tineg,
because we are not sure what nethod was followed by the latter authors to
quantify kaolinite.

The poor “d” basal reflection peaks on X-ray diffractogramtraces of
southeastern Bering Sea sedi ments suggest presence of significant contents
of inorganic anorphous nmaterial in those sediments. Notable anmounts of
di atom tests, presunmably constituted of anorphous opal, have been di scerned

in the sand and silt-sized particles of southeastern Bering Sca sediments.
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Therefore, it would seem quite reasonable to assume that signi ficant anmounts
of the =aid test fragnents most likely woul d al so be present in the clay-
sized particles of the above sediments. This would obviously tend to
significantly dilute the quantity of crystallized particles.

There are significant differences between the clay mneral conpositions
of the southeastern Bering Sea sedinents and those of the adjacent N.w. Gulf
of Alaska. The latter suite of sediments have relatively larger quantities
of illite, and there is arelative paucity of smectite and kaolinite. These
di fferences obvicously suggest that the clay minerals in the southeastern
Bering Sea sedinents are not predom nantly derived from the Al eutian Volcanics;
the nost |ikely source of the said mnerals rather seens to be the XKuskokwim-
Nushagak basin region. 0n the basis of |imted nunber of analyses avail able,
It would seem premature at this tinme to make attenpts to define presence of
any definite distributional trends in clay mneral types in the southeastern

Bering Sea.

VITT . CONCLUSI ONS
Only a few tentative comments can be included here because so fev

anal ytical data are available at this internediate stage in the investiga-
tion. For the metals analysed so far, soluble contents in the GQulf and
Bering Sea waters appear to be as low or lower than in other coastal re-
gions, and this comment applies equally to the benthic biota Studied to
date. As would be expected, the Al askan shelf environnents are quite pris-
tine and any future anthropogenic perturbations should be detectable,d
m ght seriously impact various ecosystens; for example, in no area studied

has there been any mld but chronic inpact which wmight have hel ped
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accl imatize the biota to future industrial activity. Of the biota sanples
collected to date for this study, Mytilus, Fucus, Neptunia and crab would
appear to be highly suitable index species. Future studies must focus on

near-shore reactions and environnments; some specific suggestions are given

in the follow ng section,

IX. NEEDS FOR FURTHER STUDY

The current year's program has largely been dictated by the available
sanpling programs; i.e. science has been tailored tologistics. W have
obtai ned a good geographical coverage for water and sediment work in the
| ease areas,. except, of course, in the Beaufort Sea. Initial results
suggest that there should be no real need to continue water-colum sam-
pling in the same fashion in these open-ocean areas. Simlarly it is
possible that sufficient sedinent sanples have been collected to charac-
terize the heavy netal distributions in both the GQulf and South Bering
Sea. These anal yses have not yet been conpleted however, and correlations
with mneralogy and grain size distributions will be required before any
potential anomalies can be identified.

The major need at the present time is for work related to the coastal
zone. It is this area which is likely to receive the major inpact from
oi | devel opnent activity and any inpingenent here m ght be expected to
result i n nore obvious and econom cal |y damagi ng proglems that in the
open-ocean regions, Mre inportantly, from the point of view of this pre-
sent study, it is these regions which form the major repository for ter-
restrially derived heavy metals as discussed in the introductory sections

above. TFigure 16, for exawmple, docunents the progressive decrease in
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total copper seaward in an Al askan fjord; this reflects, of course, the
partioning of this metal ON the suspended sediment Whi ch progressively
decreases in amount away from the fresh-water source, Gven the length of
the coast-line under consideration - something in excess of the coastline
of all the contiguous states conmbined - we propose work on “type areas”
chosen to be representative (as far as this term can have any neaning) of
each coastal “system".

Of primary importance woul d be disgnation of a fjord-estuary in
South Central Alaska, both because of the obvious direct inpact of indus-
trial staging areas, transportation routes and potential pipelines, but -
of equal or greater inportance — because of the influence of oren-ocean-Gulf
waters on these particular estuaries, The Qulf of A aska is dom nated by
the well known Aleutian |ow pressure systemin the winter. During the
sumrer nonths an intense high pressure systemis frequently formed further
south. Royer (1976) has shown that, during the winter, on-shore surface
transport occurs which leads to down-welling conditions at the continenta
mar gi ns (which may be |ocally enhanced because the prevailing winter w nd
directions are down-fjord, seaward). Through the oceanographic sumer
period, probably as a result of the relaxation of the conditions described
above, upwelling of deeper Gulf water onto the shelf occurs. W have de-
scribed in considerable detail how parcels of this latter water may, per-
lodically (particularly during late summer), penetrate directly into the
fjords (Heggie and Burrell, 1973, 1974). It may be seen therefore, that
there is considerable impact from open ocean waters, at various depths, on
the fjords throughout the year and that pollutants discharged on the shelf

could well be carried into these estuaries to remain trapped for a period
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below sill denth. Fjord s Which open directly onto the Culf would be pre—
rerable study site s for these processes; we rocommesid Resurrection Bay as
a sui te bly 1 ocat cdtype-areca.

We propose also the ... for base~line data on ouc of the | agoon
environments of the South Bering Scaj; NO ¢ lez st because of the trewend cus
i mportance of many of these t0 migrating water fowl ,  Thi'S type of large
surfac e area, shallowcoactal envivenment coul d be seriously inpacted in
the event of a major oil SPill.  We sould propose Izembek Lagoon as a
bhighly suit able study area. Because of the intense mscrophyte produc-
tivity in thi s locality, the sedinment surface is already delicately poised
bet ween an oxic and anoxic State and oil inmpact could cause major environ-
ment al damage.

Two further objectives concerning the “inorganic” system Should be
pursued in future years. Both were proposed for the current year but pro-
blems, mainly logistic, prevented this. We believe that the river plune
areas should be specifically locked at, and the obvious candidates here
are the Copper and Kuckokwim Rivers (and al so the Yukon when this program
is extended further north). These are all major rivers by any standard;
only renoteness and the diversion of limted resources to rivers in nore
popul ous areas has stym ed nmuch needed work to date. Now with the possi-
bility of direct pollution in these plume areas, knowledge of inflow char-
acteristics and of the geochemical bejavior of heavy metals in the mixing
zone i S urgently required. For this specific program we woul d propose
first a survey of the distribution of trace metals in the suspended and

deposited scdiments of the outflow areas (together With sedimentological
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paraneters as before) and the distribution trends (i.e. the degree of "con-
servativene ss“) Of selected trace metals from the fresh to marine water en-
vironments.

It is imperative to continue monitoring the hcavy metal contents of
the biota. This is the nost inportant part of this overall progrem as far
as impact monitoring IS concerned. We have proposed various index species
previoesly but have encountered various problems in obtaining the needed
sanpl es as expl ained above. We feel that it is probably necessary to
pl ace our own persounel On the various biota sanpling excursions in order to
obtain the needed sanples in a form suitable for trace metal analysis. 1In
any case this portion of the program must. be continued and ough- to be
extended. Obviously dominant species and distributions vary wdely over
these vast areas and sonme of the species flagged by the biologists as being
of prine inportance have not yet been collected at all. Mst of these
| atter have been higher trophic | evel food organisms. We woul d propose
also to look at the primary producers, the plankton, since these extract
chemcals directly fromthe water and al so constitute the major bionass.

It is likely that the plankton would be the. npst sensitive indicator of
stress on the biosphere. It should be noted also that concentrations of
pol | utant metals are alnmost invariably depleted up the food chain.

Finally, as a |ower order priority, it would be useful to |ook at
tenporal. variations of dissolved netals in the water colum, although such
a study would require considerable resources and has not been” attenpted
elsewhere. Using neutron activation or polarographic analysis for a few
selected elements, the potentiality exists for obtaining precise enough

data to make such a study meaningful, The goal here is to increase our
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understandi ng of the kinetics of heavy metals in the marine environnent.
W woul d suggest initially several profiles at one standard station on the
@l f shelf seaward of Resurrection Bay. 7This would tic in both wWth the

proposed fjord study and with the ongoing physical oceanographi c program

Xx.  SUMVARY oF FOURTH QUARTER C)PERATI O SS

. Field Wrk
No field work was undertaken during the January-March 1976 quarter.
Al'l the sanples required for this program have now been obtai ned except
for:
a. Beaufort Sea
h. Se/Cr sanmples from the NE Qul f
c. Sub-tidal biota sanples fromall areas

d. Intertidal biota sanples from the Bering Sea

1. Laboratory Wrk

Al laboratory work is progressing satisfactorily and is on schedul e.
Wrk on nost of the biological sanples has now either been conpleted or
has been cancelled because of thawi ng of the sanples noted below. W are
attenpting to obtain replace sanples fromthe Bering Sea on an upconing
cruise. Al the equipment required for this program has now been installed

and i s operating.

[Il. Results

Al'l data obtained prior to March 1, 1976 have been incorporated in

the Annual Report. Al the work schedul ed for polarographic, atomc ab-
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soyption aund gas chromatographic analysis is progressing on schedule. Sam-
ples have been prepared for neutron activation analysis but have not yet
been analysed except for the Hg in sediment samples given in the annual

report.

IV, Problems encouutered

a. At the time of witing of this report, the sub-contracts external
to the University of Alaska had not been finalized.

h. There appear to be problens scheduling Dr. ‘T. Gosink for Se/Cr
work in the N.E. Qulf of Alaska

c. W have not yet received any inter-tidal biota sanples from the
Bering Sea

d. Mst of the sub-tidal sanmples received fromtraw cruises in the
Qul f of Alaska and Bering Sea have been |ost because of a power
failure which allowed the sanples to thaw. We are attenpting to
schedul e personnel and cruises to replace these

e. No suitable logistic support has been provided to enable us to

obtain sanples from the Beaufort Sea.
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OCS COORDI NATI ON  OFFI CE
University of Alaska

ENVI RONVENTAL DATA SUBM SSI ON SCHEDULE

DATE: March 31, 1976

CONTRACT NUMBER:  03-5-022- 56 T/ O NUMBER 12 R.U. NUMBER:
162/ 163/ 288/ 293/ 312

PRI NCI PAL | NVESTI GATCR: Dr. D. C Burrell

Submi ssion dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-

ified in the data managenent plan.

Crui se/ Field Operation Col | ection Dates Estimated Subni ssion Dates!
From To Batch 1 2 3 4

Di scoverer Leg 11 #808  6/2/75 6/19/75 4/20/76  5/15/76  None  4/20/76
Silas Bent Leg I #811 8/31/75 9/14/75  None None None  None
Discoverer Leg IV #812 10/8/75 10/16/75 6/30/76 6/30/76  None  6/30/76

MI1ler Freeman 8/16/75 10/ 20/ 75 None None Unknown None
Di scoverer Leg IIl #810 9/12/75 10/3/75 None None None None
North Pacific 4125/ 75 81775 None None Unknown None
Intertidal Biota 1975 None None Unknown None
Di scoverer #816 11/12/75 12/2/75 9/30/76  6/30/76  None 6/ 30/ 76
Contract 03-5-022-34 Last Year 4/20/76  None None None

Note: ! Data Manapgement Plan has been approved by M. Pelta, we
await approval by the Contract Officer and receipt and
approval by all parties of the necessary Data Format.
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Qruise/Field Qperation

Col | ecti on

Dates FEstimated Subnission Dates!

Di scoverer Leg Il 808
Silas Bent Leg | 811
Di scoverer Leg IV 812
Ml ler Freeman

Di scoverer Leg III 810
North Pacific
Intertidal Biota

Di scoverer 816

Contract ©3-5-022-34

Cruise/Field Operation

From To Batch 5 6 7 8
6/ 2/ 75 6/19/75  4/20/76  None None None
8/31/75  9/14/75  None Nore None None
10/8/75 10/ 16/75 6/30/76  6/30/76  None None
8/16/75  10/20/75 None 6/30/76  6/30/76  6/30/76
9/12/75  10/3/75  None 6/30/76  None None
4125/ 75 8/ 7/75 None 6/ 30/ 76 6/ 30/ 76 6/ 30/ 76
1975 None 6/30/76  6/30/76 6/ 30/ 76
11/23/75 12/2/75 6/30/76  None None None
Last year 4/20/ 76  None 4/ 20/ 76 4/ 20/ 76

Col | ection Dates

Di scoverer Leg Il 808
Silas Bent Leg I 811
Di scoverer Leg IV 812
Miller Freenman

Di scoverer Leg Il 810
North Pacific
Intertidal Biota

Di scoverer 8S6

Contract 03-5-022-34

Estimated Subnission Dates!

From To Batch 9 10
6/ 2/ 75 6/ 19/ 75 6/30/76  5/15/76
8/31/75 9/14/75 6/30/76  5/15/76
10/ 8/ 75 10/16/75 6/30/76  5/15/76
8/16/75  10/20/75 none none
9/12/75  10/3/75  none none
4/25/75 817175 none none
1975 none none
11/23/75 1212/ 75 6/30/76  5/15/76
Last year 4/20/76  none
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OCS COORDINATTON OFFICE

University of Alaska

ESTIMATE OF FUNDS LEXTENDE

DATE
CONTRACT NUMBER:
TASK ORDER NUMBER:

PRINCIFAL | NVESTI GATOR

Period April.

Salaries & Wages
Staff Benefits
Equipment

Travel

Qt her

Total Direct

| ndi rect

Task Order Total

March 31, 1976

03-5-022- 56

12

Dr. David C. Burrell

I, 1975 — March 31, 1976% (12 mos)

Total Budget

158, 353. 00
26, 750. 00
42, 450. 00
18, 869. 00

143, 228, 00
389, 650. 00
90, 577. 00

480, 227. 00

Expended Remai ni ng
71, 669. 21 86, 683. 79
11,963, 19 14,786. 81
34,757. 46 7,692.54

6, 042. 79 12, 826. 21

118, 386. 28 24,841. 72

242, 818. 93 146, 831. 07
40,994. 79 49,582. 21

283>813. 72 196, 413. 28

* Prelimnary cost data, not yet fully processed.
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Following is part 2 of the quarterly report R.U.# 162 for
the period ending Decenber 31, 1975. This was received after
the printing of the Quarterly Reports, July - Septenber 1975,

therefore is included here.
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MECETYE

0CS COORDINATION OFFICE JAN 191978

University of Al aska N EG O A

Quarterly Report for Quarter Ending Decenber 31,

Project Title: Natural Distribution of Trace Heavy
Metal s and Environmental Background

in Three Al aska Shelf Areas

Contract Nunmber: 03-5-022-56
Task” Order Nunber: 12
Princi pal |nvestigator: Dr. David C. Burrell

I Task Objectives

The primary objective of the programis to characterize the

trace metal contents of sea water, sediment and sel ected
I ndi genous ani mal and plant species in the three defined

study areas: the Qulf of Alaska, the Bristol Bay Basin re-
gion of the Bering Sea and the Beaufort Basin region of the
Beaufort Sea, as defined in the above referenced “Task Order

Wrk Statement. The program al so incorporates sediment

grainsize analysis, clay mneralogical projects and “previous
work” literature searches as described in that work statement.

II. Field Activities

Field sanpling has continued as a first-order priority during

this quarter.
A Bering Sea

M1 1ler Freeman

Traw data sanples collected by personnel- associated With

the biol ogical prograns. ,
B. N. E Qlf of Alaska

Discoverer Leg Il - Nov. 23 - Dec. 2

This cruise has conpleted one sanpling programin this area

with the exception of specialized sanples for Se and Cr.

specific objectives of this cruise were:

1. To collect contam nation-free sedi nent
sanpl es from those standard GAS stations
whi ch had not been occupied on previous
cruises in this area.

The
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2. To collect contamination-free trace water
sanples for trace metal analysis concurrently
for all the laboratories participating in the
program and for NBS.

C. N. W @ulf of Al aska

Di scoverer Leg IV - Cctober 8-16
Al'l sections of the standard GASSO grid were occupi ed,
except for the Cook Inlet section; this latter was
cancelled due to bad weather. \ater sanples were
collected for ali the sub-projects of this program
Haps core sedi ment sanpl es were retrieved from only
ei ght stations, however, because of poor bottom
condi tions.

D. Beaufort Sea

No suitable logistic support was. available for field
sanpling in this area during this quarter.

II1. Results
A Sanmpl e col lection and storage

Ef forts have continued to coordinate and standardize field

sanpling techniques. It is intended to standardize sedi-
ment sanpling for subsequent trace netal analysis via a
Haps-styl e stainless steel corer. In the future, any data

reports from sanples not collected in this fashion will be
suitably flagged. Al water sanples for trace netal analysis
to date have been collected in NOAA-provided 10 1, drop-
top Niskin bottles; pre-washed or otherwise treated. It is
recogni zed that these sanples are not entirely ideal but all
ot her extant custom designs are presently only suitable for
surface water sanpling; no other neans edistfor retrieving
water from depth. W have discussed this problem w th many
other |aboratories nation-wide and Dr. Patterson (Cal Tech),
for example, will not endorse use of this type of sanple
for soluble |ead analyses.

\Wer ever possible”, the outer “trimmngs” of the Haps cores

are being used for sedimentological and mineral ogi cal anal ysis.
Biota sanples are collected for us by personnel associated
with other OCS programs. Although handling and storage

met hods have been specific, we have no control over these

oper ations.

B. Intercalibration
On the Discoverer Leg 111 E. Qulf cruise various sets of
intercalibration sanples for water analysis were coll ected.

W are continuing to collect water and sedi ment sanpl es
for NBS al so.
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Biota Coll ection

W have now presumably received all of the biota collected
for us during the previous sanpling season. One set (ten
sites) of intertidal sanples” collected fromthe Qulf
beaches during Aug./Sept. has been processed and “cuts” of
each sanple (mytilus and fucus) we have supplied to the
Batelle N.W. Labs. No intertidal sanples fromthe Bering
or Beaufort Seas have been received.

The status of traw biota sanples received, to date, is
shown on Table |.

Neutron Activation Analysis Program

A1l sediment and water sanples collected fromthe Qul f and
Bering Sea have been processed and are ready for irradiation
analysis. Not all the biota sanples have yet been dis-
tributed and no sanples are available for the Beaufort Sea.

Sol uble Cd, Cu, Pb, and Zn

Sampl es collected on the Townsend Crommwel | cruise (see July -
Sept., 1975 quarterly report) have been analyzed. Prelimnary
data are given in Table Il. Initial Pb values were anomolous
and all nunbers for this netal have been rejected. Sanples
col l ected on subsequent cruises are currently being worked on.

Cd, Cu, N, and Zn in Biota

Data for these elements in fucus fromthe Qulf of Al aska

(see under C. above) are given in Table Ill. “These val ues,

as for all data in this report, are prelimnary. Hg contents
of the crab sanples discussed in the 1975 - 76 Annual Report
are given in Table 1v.

Sol ubl e Se and Cr

O values for the Bering Sea (Discoverer Leg IIl; see previous
quarterly report) are given in Table V. -Due to equi pnent
problens, it was not possible to analyse for Se at sea”. These

sanpl es have been stored and will be processed if no |osses
have occurred. C and Se values for sanples collected on the
‘N. W Qulf GASSO grid (Discoverer Leg IV, see above) are
given in Table VI. These sanples were analyzed at sea
imediately following retrieval. Filtered sanples are-for a
0.45u nenbrane
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IV.

Prob

Cay Mneralogical Analysis

A suite of 20 sanples fromthe Bering Sea are now being
anal yzed. These sanples are splits fromthe trace netal
core sanples and have also been close to tie in wth
anci |l ary benthic biology and sediment size analysis
prograns.

ens Encountered

One sub-contract has now been finalized, but another is
still being negotiated. The lengthy period of tine
required to finalize these sub-contracts has hindered the
work of the participating scientists.

One of the senior associate investigators resigned from
the programduring this quarter. This has necessitated
changes to the work statement which are still being
negoti at ed

No suitable logistic support has been available for field
work in the Beaufort Sea. W have requested nodifications
to the contract which would enable us to work on archived
sanpl es

W have encountered considerable difficulty in obtaining,
at short notice, the specialized technical help required
for certain aspects of this program

The work on this contract has been hanpered because of
cruise staging out of unsuitable ports. As an exanple,

the Se and Cr analysis work suffered because of our
inability to ship emergency supplies to Kodiak and some
aspects of the last eastern Gulf cruise had to be cancelled
because of problens in shipping supplies to Juneau and
Yakutat.



TABLE 1

Traw hiota sanpl es received,

A, species specified in work statement,
Gulf Bering Beaufort
“North Pacific” "Miller Freenman”
Crui se Cr ui ses
#1 fi2
Pollack X X N.a,
Rock sol e X X X n.2.
Arctic cod “na. N.a, ]
Tanner crab X X X N, a.
King <crab 0 X 0 n.a, -
Neptunea X X X Niae
Scallop/tacoma 0 X 0 n.a,

13, Collected species not specified in work statenent

Turbot
Molpodia
Spisula
Serripes

Lrch

0
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TABLE [

Contents (ug/l)

Souble Heavy Metal

N. E. @ulf of Al aska

Townsend Cromnel |
May 6 -
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1975
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TABLE [

Heavy Metal Contents of Fucus Sanples from the Qulf of Al aska
(ug/g dry wt.)

Cu Ni cd Zd
McLeod Har bor 16.8 7.9 4.1 .21.8
Anchor Cove 26.6 15.6 3.3 21.5
Saints Bay . 7.5 ‘9.5 6.1 18.3
Zai kof Bay. 16.7 9.2 4.0 15.
Poi nt’ Di ck 7.8 9.4 3.5 15.8
Lundstrom | sl and 6.8 6. 1 7.0 18.8
Kat ect a 17.0 9.8 2.0 16. 4
Cape Nukshak 6.8 6*8 6.1
La Touche 5.9 5.3 3.1 -
Port Eteches 10. 4 7.3 2.3 15.3

TABLE |V

Mercury Content of Crab Sanples from Gulf of Al aska
(ug/g dry wt.)

Sampl e No.

17 0.22
20 0.23
5 0.27
16 0.25
18 0.35
1 0 0. 55
12 0.32
15 0.24
9 0.30 -
13 0. 44
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TABLE VI

Soluble Se (rig/l) and C (ug/1) for N.W. Qulf of Al aska

(Discoverer Leg IV Cct. - 16)
Filtered Sanples at 0.45u

Station No. Depth (m Se (rigll) Cr (ug/l)
156 3 2.8
125 4.0
158 100 Tr
159 3 0.8
148 3 5.2
100 n.d.
160 3 n.d.
135 n.d.
137 3 4.4
95 n.d.
133 3 n.d. 7.64
70 n.d 5. 64
124 3 n.d. n.d
105 n.d 0. 06
119 3 n.d. 0.23
200 n.d n.d.
101 3 n.d.
85 n.d. n.d



TABLE V

Soluble Cr Data for Bering Sea (ug/l)
(Discoverer Leg Il Sept. 25- Cct. 3)
Filtered Sanples at 0.45u

Station No. Depth (m Filtered Unfiltered
48 3 0.29 0. 69
150 0.14
51 3 0.16
1500 0.14
54 3 0.15
98 0.07
66 134 0.30
56 61 0.04
59 3 0.02 0.14
33 0.12 0.11
41 3 0.73
28 Tr
24 3 0.37
40 Tr,
8 3 0.30
18 0.27
12 3 0. 06
76 0.13
35" 3 0.22
155 0.07
19 71 0.14
46 65 0.92
37 3 0.59
70 0.08

17 114 Tr



OCS COORDI NATI ON OFFI CE

University of Al aska

ENVI RONVENTAL DATA SUBM SSI ON SCHEDULE

DATE .  Decenber 31, 1975

CONTRACT NUMBER:  03-5-022-56

T/ 0 NUMBER 12 R.U. NUMBER

162/ 163/ 288/ 293/ 312

Subm ssion dates are estimated only and will be updated, if,
Data batches refer to data as ident-
ified in the data managenent plan.

necessary, each quarter.

Cruise/Field Operation Col I ection Dates Estimated Submi ssion Dates (L
From To Batch 1 2 3 4
Di scoverer Leg Il #808 6/2/75 6/ 19/ 75 3/31/76 Unknown  None  Unknown
Silas Bent Leg | #811 8/31/75 9/14/75  None None None  None
Di scoverer Leg IV #812  10/8/75 10/16/75 6/30/76  Unknown  None  Unknown
Miller Freenan 8/16/75  10/20/75 None None Unknown None
Di scoverer Leg Il #810 9/12/75 10/3/75  None None None None
North Pacific 4/ 25/ 75 817175 None None- Unknown None
Intertidal Biota 1975 None None Unknown None
Di scoverer {816 11/12/75 12/2/75  9/30/76 Unknown  None Unknown
Contract 03-5-022-34 Last Year 3/31/76  None None None
Note: () Estimated subm ssion dates are contingent upon final approval

of draft data managenent

plan submtted to NOM Nov. 20, 1975,

and receipt of and agreenent to the data format.
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Crui se/Field OQperation

Di scoverer Leg |1 808
Silas Bent Leg I 811

Di scoverer Leg |V 812
Miller Freenman

Di scoverer Leg Ill 810
North Pacific
Intertidal Biota

Di scoverer 816

Contract 03-5-022-34

Cruise/Field Operation

Di scoverer Leg Il 808
Silas Bent Leg | 811
Di scoverer Leg |V 812

Ml ler Freeman

Di scoverer Leg Il 810
North Pacific
Intertidal Biota

Di scoverer 816

Contract 03-5-022-34

Collection Dates

Estimated " Subm ssion Dates

(1)

From To Batch S b 7 8
6/ 2/ 75 6/19/75  3/31/76  None None None
8/31/75 9/14/75  None None None None
10/8/75  10/16/75 6/30/76 6/ 30/ 76 None None
8/16/75  10/20/75 None 6/ 30/ 76 6/30/76  6/30/76
9/12/75 10/3/75  None “6/30/76  None None
4/25/75  8/7/75 None 6/ 30/ 76 6/30/76  6/30/ 76
1975 None 6/ 30/ 76 6/30/76  6/30/76
11/23/75 12/2/75 6/30/76  None None None
Last year 3/31/76  None 3/31/76  3/31/76

Col | ection Dates

From To

Esti mat ed Subm ssion Da:es(”

6/ 2/ 75 6/ 19/ 75

8/31/75 9/ 14/ 75

10/8/75 10/ 16/ 75

8/16/75  10/20/75

9/12/75  10/3/75

4/25/75 8/ 7175 .

1975
11/23/75 12/ 2175

Last vear

Batch 9 10
unknown unknown
unknown unknown
unknown unknown
none none
none none
none ’ none
none none
unknown unknown
3/31/76"  none



OCS COORDI NATI ON OFFI CE
Uni versity ofsAlaska

ESTI MATE OF FUNDS EXPENDED

DATE : Decenber 31, 1975
CONTRACT NUMBER: 03-5-022-56
TASK ORDER NUVBER: 12

PRINCI PAL I NVESTIGATOR: Dr. David C. Burrell

Period April 1 - Decenber 31, 1975* (9 mos)

Total Budget Expended Renai ni ng
Sal aries & Wages 158, 353. 00 54, 078. 48 104, 274. 52
Staff Benefits 26, 750. 00 8,972.35 17,777.65
Equi pment 42, 450. 00 30, 057. 96 12,392.04
Travel 18, 869. 00 5,189. 39 13, 679. 61
O her 143,228, 00 97, 862. 49 45, 365. 51
Total Direct 389, 650. 00 196, 160. 67 193, 489. 33
| ndi rect 90,577. 00 30, 932. 89 59, 644. 11
Task Order Total 480, 227. 00 227,093. 56 253,133. 44

* Prelimnary cost data, not yet fully processed.
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l. Summary of objectives, conclusions and inplications with respect to
OCS oi|l and gas devel opment.

Qur objectives are (1) to determine the mcrobial activity in the
Beaufort Sea and the Qulf of Al aska by the heterotrophic potentia
techni que before any accidental oil spill occurs, (2) to determ ne what
effect crude oil mght have on the mcrobiological picture in the sea by
use of simulated in situ conditions, (3) to determne the change in
mcrobial activity in seawater when crude oil is used to perturb the
ecosystem under sinulated in situ conditions, (4) to study the physiol ogy
of hydrocarbon degrading psychrophilic (cold loving) bacteria fromthe
Beaufort Sea, and (5) to determne the occurrence of psychrophilic
hydr ocar bon oxidi zers in the environnent under study.

In general, the levels of the maxinum potential uptake for glutamic
acid (an indicator of mcrobial activity) in seawater sanples taken
behind the barrier islands in the Beaufort Sea was relatively high when
conpared to simlar measurenents made in other waters. \Wen the relative
mcrobial activity in the sediments was conpared to that found in the
overlaying seawater, it was found that in the relatively shallow waters
in the study area, the mcrobial activity in the sedinents was roughly
400 tines greater than that found in the water colum. The effects of
crude oil on these sedinents as well as their potential for biodegradation
is at present unknown and should be explored further

The effects of crude oil on the uptake and respiration (mneralization)
of glutamic acid and acetate were studied. Even though these experinents
were conducted under sinulated in situ conditions the data should be
considered as being a first order approximation. There were differences
found between the sanples that were exposed to crude oil and those that
were not. Initially there was no significant effect of crude “oil on the
mcrobial activity;, however, as the incubation period was increased, the
crude oil at first inhibited mcrobial uptake activity followed by an
enhanced activity.

During the course of the above series of experinments the nunmbers of
hydr ocar bon oxi di zing bacteria and the heterotrophic bacteria were
monitored in the control and crude oil exposed seawater sanples. In
seawat er exposed to crude oil the concentrations of heterotrophic and
hydr ocar bon oxi di zing bacteria were higher than the seawater control (no
crude oil present). \Wether or not this shift in nunbers and activity
represents a change in bacterial species with time still remains to be
i nvestigated further.

Studi es on mcrobial populations are essential to the various
trophic |evels in the sea because the bacterial mneralization processes
are essential for primary production, and bacterial cells also serve as
a food source either through coprophagy or direct ingestion. Al though
they may not be the main food source for many forns, their ingestion
represents an excellent source of proteins, vitamns, carbohydrates and
lipids. Unfortunately the mcrobial flora inside various marine forns
has never been assessed so it is not known exactly what m ght happen :o
m croorgani sns when the gut mcrobial fiora is perturbed.
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The increased activity in the presence of crude oil (an extra
energy source for the indigenous mcrobial population) should not be
taken lightly, since it can readily result in an anoxyic condition in
the immediate environment. The devel opment of an anoxyic condition can
take place readily if an oil spill occurs when the ice has not nelted to
any degree and a thick layer of crude oil covers the surface of the
water. This layer of crude oil would prevent the diffusion of oxygen into
the aquatic system An anoxyic condition will result when the utilization
of oxygen is faster than the rate of oxygen replenishnent.

Desulfovibrio (sulfate reducers that produce hydrogen sulfide) have
been dermonstrated in sediments of the Beaufort Sea that have the ability
to function at low tenperature. The growth of Desulfovibrio Will result
in the production of hydrogen sulfide which is toxic to many forns of
marine life as well as being esthetically unpleasant. Dead organi sms
whi ch expire due to anoxyic conditions or the presence of hydrogen
sulfide will provide further energy source for maintaining the anoxyic
environment. The creation and maintenance of an anoxyic environnent
depends on mcrobial activity.

Last but not lease, it should be remenbered that nature’s way to
rid the environment of natural crude oil seepage is the activity of the
hydrocar bon oxi di zing bacteria in the environnent.

II. Introduction
A CGeneral nature and scope of study

Qur objectives are to study the baseline levels of mcrobial activity
in the Beaufort Sea and the Qulf of Al aska during both sumrer and winter
conditions. In addition, we were to evaluate the effects of crude oi
on mcrobial activity and to analyze the process of hydrocarbon degrada-
tion by psychrophilic hydrocarbon utilizing bacteria isolated fromthe
Beaufort Sea.

B. Specific Objectives

a. Determnation of the relative heterotrophic potential in natura
marine mcrobial populations (task nunber A-27). Studies include
representitive samples of both water and sedinents in different geol ogica
|l ocations and under contrasting seasonal conditions. These studies were
to be designed to give an estimate of the natural variations to be
expected in mcrobial activity in the waters and sedinents of the Beaufort
Sea and the Qulf of Alaska

b. I'solation and characterization of psychrophilic hydrocarbon utilizing
marine bacteria which are capable of degrading and/or emulsifying crude

oil at relatively high rates under the conditions found in the Beaufort

Sea (task nunber B-9). Strains of bacteria having the above characteristics
were t0 be isolated from crude oil enrichment cultures using natural

sanpl es taken from the Beaufort Sea as the inoculum. After isolation

and purification the strains were to be subjected to a nunber of basic
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physi ol ogi cal studies which woul d determine the function of these organisns
under the conditions found in the Beaufort Sea.

C. Determ nation of the acute effects of crude oil on the heterotrophic
activity of the natural mcrobial populations found in the Beaufort Sea
(task number C-2). These studies were to be supplenented with |onger
term studies which would be designed to obtain information about how
crude oil affects the natural population and how, in turn, the natura
popul ation alters the crude oil

d. Coordination of our studies with the mcrobial studies of Dr. Atlas
and his associates to obtain the nbpst conprehensive data possible on the
role of marine bacteria in the marine ecosystens in both the Beaufort

Sea and the Qulf of Alaska. To acconplish this end, our baseline studies
were to be made using the sane sanples. In addition, a close |iaison

was to be established to insure that duplication of effort is mnimzed

In addition, we were to collect subsamples to be analyzed for inorganic
nutrient concentrations by Dr. Al exander

C. Rel evance “to problens of petrol eum devel opnent.

Qur major area of concern is the interaction between the crude oi
that mght accidently be spilled during the course of the devel opnent of
petroleum fields and the mcroorgani sms present in the Beaufort Sea and
the Qulf of Alaska. In order to docunment the changes that mght take
pl ace microbiologically when an oil spill occurs, a baseline know edge
of the current mcrobiological ecosystem nust be obtained. Current
studies will provide us with the natural levels of mcrobial activity
and the conposition of the mcrobial communities before any perturbation
occurs in the environnent. Currently research is underway to determne
what inmmediate effects crude oil mght have on natural popul ations and
its rate of activity so that some educated projections may be nade as to
how a crude oil spill mght affect the mcrobial ecosystemof the area
in question

There are many factors that are known to affect the rate of mcrobia
crude oil degradation. The three nost predom nant are tenperature,
availability of fixed nitrogen and phosphorus, and the presence of
crude oil degrading mcroorganisns. Seasonal conditions and geographica
| ocation must also be taken into consideration. An educated prediction
can be nade as to what might happen in the event an oil spill occurs
based on baseline data accunul ated, the results of various physiol ogica
studi es on psychrophilic hydrocarbon oxidizers, |aboratory studies on
perturbing systems with crude oil, studies conducted by pr. Atlas, and
field studies enploying crude oil with the water sanpl es when the hetero-
trophic Neasurements are nmade.

[11. Current state of know edge
This is the first study of its kind in the Beaufort Sea. Therefore

no other background materials are available at this tine other than
limted nutrient and hydrographic data (Al exander et al. 1974).

1590



IW. Study area

To date, we have collected water and/or sediment sanples at all
Beaufort Sea stations illustrated in Figures 1 and 2. In addition,
sanpl es were taken at four stations not shown in these figures. In the
Barrow ar ea, samples Were takep at stations # 11 and 12 in Elson Lagoon
at 7% 19'5 - 156’ 16" Wand 7f 15N -- 155 00'w, respectively. In the
Prudhoe Bay area, sanples were taken at station #30 |ocated south of
Pingok Island at 70° 32'N - 149°35"Wand at station #40 south of Long
Island at 70° 29'N - 149° 03'W.

v* Met hods

1. Sanpl i ng Procedures

The water sanples were taken in sterile Niskin plastic water sanple
bags fitted on Niskin “butterfly” water sanplers. Wth the exception of
sanpl e nunber 42, all water sanples were taken within one meter of the
surface. Once the water sanple was taken, it was placed in an ice chest
for storage and transported back to the laboratory for analysis. The
anal yses of mcrobial activity were initiated within two hours after
sanpling was ternm nated.

The sedinment sanples were taken with a Rahl scientific nud snapper.
Two or three grab samples were taken at the sane time and |ocation and
combined with seawater. These sanples were placed into sterile 250 n
wi de mouth glass sanple bottles for transport to the |aboratory. Al
sanpl es were maintained at or below the in situ tenmperature during
sanpling and transport.

Ice sanples were taken fromthe waters adjacent to the beach at
station 5b (Figure 1). The ice was renoved fromthe water and placed
into sterile sanple bags and returned inmmediately to the |aboratory.
Wien the sanples were received at the laboratory, they were allowed to
melt at roomtenperature for 4 hours. The resulting ice nelt was
di scarded and a portion of the remaining ice was allowed to thaw for 24
hours at 5 C.  The resulting water was then used in the ice melt experinents.

2. Het erotrophi ¢ Potential Studies

The techniques used in this study were basically those of Hobbie
and Crawford (1969) as further” nodified by Harrison, Wight, and Morita
(1971). This procedure invol ves the addition of different anounts of
U-—"€ 1abe1ef4ubstrate to identical subsamples. In the water and ice
studies, (U ~"C) L-glutamic acid with a specific activity of 237 mCi/mmole
(New Engl and Nuclear) was used in a final concentration ,range of 0.6
ug/liter to 4.6 ug/liter. In the sedinent studies, € glutamic acid
(Amershant Searle) with a specific activity of 10 mCi/mmole Was used in
the final concentration range of 10.5 ug/liter to 84.0 ug/liter.
Duplicate subsamples and one control were used at each of four substrate
concentrations. Initially controls were run with all sanples but it
soon becanme apparent that there was enough consistency in the 7aluesto
use a standard blank to account for abiotic absorption of the label.
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After addition of the subsample, the 50 m serumbottles that were
used for reaction vessels were sealed W th rubber serum bottle caps
fitted with plastic rod and cup assenblies (KontesGlassCo, Vi nel and,
N.J. :K-882320) containing 25 x 50 mmstrips of fluted Watnman #1 chroma-
tography paper. The sanples were incubated in the dark within 3 C of
the in Situ tenperature. After the incubation period, the bottles were
injected through the septym with 0.2 nl of 5N H,50, in order to stop the
reaction and release the €0, After the addition of the acid, 0.15 m
of the QO absorbent, B-phenethylamine, was injected onto the filter
paper. Tﬁe bottles were then shaken on a rotary shaker at 200 rpm for
at least 45 mnutes at roon1tenperaturelgo facilitate the absorption of
co,. The filter papers containing the ~"CO,were renoved fromthe cup
aséenblies and added to scintillation vials containing 10 nl of toluene
based scintillation fluor (Omnifluor, New Engl and Nuclear).

The subsamples Wwere filtered through a 0.45 ym menbrane filter
(Millipore). The trapped cells on the filter were washed with three 10
m portions of seawater at O3 C. The filters were dried and then added
to scintillation vials containing 10 m of the above mentioned fluor.
The vials were counted in a Beckman nodel LS-100 liquid scintillation
counter located in the field |aboratory.

The sedinent sanples contained from 30-50% sedi nent with the bal ance
made up of interface water. Just prior to dilution, they were shaken by
hand until all of the material was suspended. A one nml subsample Was
diluted 1000 tinmes with a 32 o/oo (W v) solution of sterile artificia
seawater. After dilution, the sedinment sanple was treated the sane as a
water sanple. Duplicate one m subsamples of the sediment slurry were
dried at 100 C for 24 hours and weighed to determine the dry weights.
These dry weights were used to calculate the v values in terns-of
grans dry weight of sedinent. max

3. Cal cul ati ons:

Cal culation of the kinetic paraneters was made from the rel ationship:

where ¢ = radioactivity assimlated plus that respired as 14C02by t he
heterotrophic popul ati,on in dicintagrations/mn; S = the natural sub-
strate conceptration iﬂc?glliter’ At :Octhﬂadded sugstrate in ug/liter;
C=2.2x 10 uci of. 3} 9 7 amoun " 77°C label ed substrate added/sanple
bottle in uCi; t = incu]_)ition FLime in hours; v = the maxi num vel ocity
of uptake in pg x liter ~ x 71 sand K = the ¥#&asport constant in
pg/liter. Fromthis equation can also be calculated the time (r.)in
hours required by the natural nicrobial population to utilize tefe natura
substrate in the seawater sanple. For the derivation of this equation
and the assunptions on which it is based, see Wight and Hobbie (1966).
Saturation curves were converted to the best fitting straight |ine using

| east squares and a nodified Lineweaver-Burk equation.
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The percent respired was cal cul ated by dividing the amount of
| abel ed carbon associated with the (X fraction,py the total amount of
substrate taken up by the cells (both“cell and ~ T0,radioactivity) and
multiplying this ratio by 100.

4, Tenper at ure studies

Water sanples were taken at stations 5a and 5b which gave represen-
tative sanples of both Elson Lagoon and ocean beach water. Duplicate
subsamples were prepared as described above and incubated at each of the
tenperatures indicated in Figures 3 and 4. In cases where there were
fluctuations in the incubation tenperature, the tenperature reported is
the nean tenperature (in nost cases, the tenperature range was |ess than
one degree C). In order to reduce the chance of significantly altering
the substrate concentrations during the course of the experinent, the
incubation tine for sanples incubated at high tenperatures was reduced.
Sanples at the follow ng tenperatures were incubated for the follow ng
periods: 20.5 Cand 14.5 C 4 hours; 10.0 C, 6 hours; 4 and 1.5 C, 8
hours; -2.0 C, 10 hours.

5. Acute effects of crude oil_ extract on_the observed heterotrophic
potential

Five m of crude oil taken from Prudhoe Bay was added to 45 m of
sterilized seawater in a 150 m separator funnel. The m xture was
shaken and al |l owed to separate for three hours at 5 C. The aqueous
phase was renoved into another separator funnel and allowed to set for
an additional % hour before dispensing one m subsamples of the aqueous
phase into the reaction mxtures. Each reaction vessel contained 9 m of
the seawater sanple to be tested and one m of the crude oil extract.

In the controls, the one m of crude oil extract was replaced by one ml
of sterile seawater. Heterotrophic potential was measured using |abel ed
glutamic acid as above.

6. Mcrobial activity changes with time in oil enrichment cultures

Water sanples were taken two neters off the beach from NARL and
placed into sterile gallon bottles fitted with rubber stoppers and gl ass
siphoning tubes. Two and one half liters of water were added to each of

two bottles. In the first experiment (Figures 6 and 7), 2 mg of yeast
extract was added to the control and 5 ml of Prudhee crude oil was added
to the oil enrichment culture. In the second experinent (Figures 8

and 9), nothing was added to the control and 1.0 ml of Prudhoe crude oil
was added to the oil enrichment culture. The cultures were incubated at
5c¢ At various tines, subsamples Wwere siphoned off and used in the
heterotrophic potential determ nations and plate counts. The hetero-
trophic potential studies were conducted at 1.5 C. The incubation tines
for these studies ranged ‘EEroT48 h to 4 h _

hto 1.5 h for acetate. [U-""C] pceric fOT slutsmfiudaallt ang ffif am 8
specific activity of 59 mCi/mmole (Amersharideaddimwas used in a con-
centration range of 6.5 to 42 ug/liter. |n the.first experiment, an
estimation of total nunber of bacteria and the number of hydrocarbon
utilizing bacteria present was made by plate counts on Lib-X ard crude
oil plates (Atlas and Bartha, 1972), respectively.
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7* Direct Cell Counts

Ten nl of seawater was fixed in the field |aboratory by adding it
to 0.6 m of menbrane (0.45 um) filtered fornmal dehyde (37% . The vials
containing the fixed water sanples were sealed and stored until they
coul d be counted in our laboratory at Oregon State University. In the
sedinent studies, the final dilution of the sediments in the heterotrophic
potential studies was used and treated the same as the seawater sanples.

From5 to 17 m of sanple were filtered through a 0.2 un Nuclepore
filter. When a relatively high nunber of organisns was present, the
sanples were diluted with menbrane filtered artificial seawater. The
nunber of organisns per field was kept within acceptable limts and the
volume filtered was kept above 5 m. Controls were run using filtered
artificial seawater with all of the reagents used in the staining and
nmounting procedure. These counts were no nore than 5% of those found in
the sanmples and was consi dered insignificant.

The staining procedure used was that of Zi nmerman and Meyer-Reil
(1974) . This procedure involves staining’ the cells trapped on the
menbrane filter with acridine orange and then destaining wth iso-propyl
al cohol.  The menbranes were dried and mounted on mcroscopic slides
with a mounting nedi um of cinnamaldehyde and eugenol (2:1).

The bacterial cells were counted using a Zeiss |V Fl epi-fluorescence
condenser mcroscope fitted with filters KP 500, Kp 490, Fr 510, and LP
520. The eyepiece used was Kpt W12.5 x and the objective was plan 100
X. Approximately 50 restriction fields were counted per sanple. Represen-
tative fields were counted from the center of the menbrane filter to the
outside edge of the filtration circle.

Only bodies with distinct fluorescence (either orange or green),
clear outline and recognizabl e bacterial shape were counted as being
bacterial cells.

8. | sol ati on and characterizati on of psychrophilic hydrocarbon utili zing

bacteri a

Crude oil enrichment cultures were used to inoculate crude oil agar
plates. These plates were incubated at 4 C for 6 weeks. Representative
col onies were picked fromthese plates and streaked on Lib-X agar plates
(Baross, Hanus, and Morita, 1974). These plates were incubated at 4 C
for three to four days. After incubation, a representative col ony was
pi cked from each plate and was used to inoculate 10 nml of Lib-X broth.
The cells were allowed to grow for three days at 4 C and were further
purified by streaking on Lib-X plates. This procedure was repeated
again before the strains were used for further study.

One hundred and fifty strains were screened on Lib-X agar plates
for growth at both 4 and 25 C. Only those strains that grew at 4 C but
did not grow at 25 C were analyzed further. O the 150 original isolates
only 6 showed the desired characteristics. Gowh-tenperature profile
studies were conducted by inoculating a series of tubes containing Lib-X
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broth. The tubes were incubated for three days in a shaking tenperature
gradient incubator (Mdel TGL, Scientific Industries Inc.). Optical
density measurements were nade daily during |log phase at 600 nm using a
Bausch and Lonmb Spectronic 20 cal orineter.

9. I sol ati on of sulfate reducing bacteria

One or two ml of sediment were added to sterile screw capped test
tubes filled with a nmodified MIOCE medium (a differential medium for
sulfate reducing bacteria). The MCE nediumwas simlar to that described
by Mrita and ZoBell (1955) except the sodium sulfite and the ascorbic
acid were deleted and a 0.1% (wv) concentration of sodi um formaldehyde-
sulfoxylate was added. The enrichnent tubes were incubated at 4 C for
several weeks. Evidence of the presence of sulfate-reducing bacteria
was noted by the formation of black ferrous sulfide. Sediments with the
foll owing sanple nunbers were tested: 3, 5, 8, 10, 16, 18, 20, 22, 25,
27, 33, 38, 41, 44, 46, 50 and 52.
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VI. Results
A Anal ysis of water sanples
L Het er ot rophi ¢ potential studies

The heterotrophic potenti al £ natural mcrobial populations in 50
wat er sanples was nmeasured using ~ C | abel ed glutamic acid (Table 1).
From these studies, estimtes were nade of the maxi numvelocity of
uptake (V ), the tine in'hours required by the natural mcrobial
populationa’c‘o utilize the amount of glutamic acid present in the water
sanple (T.), the transport constant plus the natural substrate concen-
tration (fi + S_), and the percent of glutamic acid that was mneralized
of the tot&l glitamic acid taken up by the cells. The average val ues
for these factors, as observed in water collected in both the Point

Barrow and Prudhoe Bay areas, are sumarized in Table 2a.

The Vv for glutamic acid uptake was higher in the water sanples
taken in the*Prudhoe Bay area and the turnover tine for glutamic acid
utilization was |ower than that observed in water sanples taken at
Barrow. In the sane sanples, the K_ + S .and the percent respiration
values were both lower in the water sanpfes taken in Prudhoe Bay.
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Differences were also seen in the heterotrophic potential data collected
within each region during a given sanpling period (Table 3a and 3b). O
the water sanples taken fromthe first 4 stations in Elson Lagoon, the
sanpl es taken at station #1 consistently showed higher V values. In
Prudhoe Bay, those stations that were the furthest from Tahd showed the
| owest Vax val ues.

2. Direct mcroscopic determnation of bacterial concentrations in
seawat er

Direct microscopic determnations of bacterial concentrations in 44
seawat er sanples were made using epifluorescent N Croscopy {Table 4).
The average numbeg of organismsspresent per mM was 4.5 x 10 “with a
range of 0.1 x 107to 1179°x 10°". A conparison of the relative concen-
trations of cells in the waters anal yzed at Barrow and Prudhoe Bay shows
no significant difference (Table 2a). The cell count data were conpared
with the V and_plate count data taken in the same water sanples; no
significanlga}éorrelations wer e found.

One factor that can be calculated fromthe nunmber of organisns
present is average bacterial-biomass. The ayerage mass per bacterial
cell has been estimated at 2.0 and 2.2 x 10 grams per cell (ZoRall,,
1963; Dale, 1974; respectively). Mre recent studies of marine bacteria
usi ng epifluorescent mcroscopy has led L.-A MeyerrsR2i| (personal
communi cation) to reduce this estimate to 0.7 x 10 grams per cell.
Using this estimte and the average depth of the water at the stations
studied (10.5 feet), the average bacterial biomass in a water columm one
meter square can be estimated at 9.5 ny.

3. Physi cal and chenical paraneters

In nost of the water sanples analyzed, tenperature, salinity, and
pH were al so neasured. In addition to these factors, analyses of PO,
NH,, NO, and sio. concentrations were nade on the same water sanples by

A eXander and3her associates. A summary of these findings are given
in Table 2a. The average salinity in all samples was 20.5 o/oo; the
| owest salinity observed was 9.0 o/oo (station 54 in Prudhoe Bay) and
the highest value observed was 26.5 o/o00 (station 1 in Elson Lagoon).
These extrenes reflect the trend in the average salinity in the two
regions. The average salinity was 22.7 ofoo in the Barrow area and 16.7
o/00 in Prudhoe Bay. Both of these figures are well below the average
salinity of a1l the world s oceans which is 35 ofoo. This reduced
salinity undoubtedly results fromboth fresh water runoff and sone ice
nelt, with the former being the nore predom nant factor during the
period of this study.

The average seawater tenperature (1.2 C was the sane in Barrow and
Prudhoe Bay. The highest tenperatures observed were measured at the
begi nning of the study in the Barrow area

The average pH of the water sanples tested was 7.9. This value was

the same in both of the general areas studied and is slightly less than
that normally found in seawater (PH 8.1 to 8.3).
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O the various ionic concentrations neasured by Dr. Al exander,
with the exception of phosphate, there was no significant difference in
t he average concentrations found in the Barrow area and in Prudhoe Bay
(Tabl e 2a). The average l|evel of phosphate in the Barrow waters was over
four tines greater than that found in Prudhoe Bay.

B. Anal ysis of sedinents
1, Heterotrophic potential studies

Mcrobial activity in the sedinments of shallow waters has |ong been
recogni zed as an inportant |ocus of microbial activity in narine ecosystens.
The results of studies on heterotrophic potential in 24 sedinment sanples
indicate that the activity was indeed very high relative to the activity
found in the water colum (Tables 2a and 5). The average value for the
potential rate of glutamic acid uptake and mineralization was 0.52 yg of
glutamic acid x gram dry weight of sediment "x H . There is no way to
directly conpare this figure to potential activity in a conparable
vol une of water but a reasonable approximtion can be made. The cl osest
conparison between microbial activity in sediments and seawater should
be made by contrasting the activity in a given volume of seawater wﬁfh
an equal volume of diluted sedinent-seawater sluyry. The_gverage 'max
in the diluted sediment slurries was 2.1 ug x>10 x liter x 'h".

This is roughly,four orders of pagnitude hi gher than the average figure
of 4.2 ugx 10 “x 1iter-x ‘A~ observed in the water sanples.

Anot her conparison of potential microbial activity in sediments and
seawater can be nade by conparing the total activity in an average water
colum with activity in the underlaying sedinent. In order to make such
a conparison, at least two assunptions must be made. The first assunption
is that the mpjority of the mcrobial activity is taking place in the
first two cmof the sedinent. This assunption is based on the findings
of ZoBell (1946) and ot hers which show that the vast majority of bacteria
in sediments are typically found in the top 2 cm  The other assunption
is that diluting the sedinment sanple with sterile artificial seawater
does not significantly affect the resulting observed activity.

Keepi ng these assunptions in mind, the potential,rate Of glutamic
acid utilization in the average water colum (I meter = x 3 neters deep)
can be conmpared with the sane potential in the sedinment below that
square neter of water. The maximum potential for glutamic acid utiliza-
tion in an average gfter_iolumn in the test area was 0.1 ng glutamic

acid x water colum™x h~  The sedinment beneath this water colum (to
a depth of 2lcn)_Ead a potential utilization of 42 ng glutamic acid x m
of sediment x h ~. If our assunptions are correct, the sedinents in

the water colums studied had, on the average, 400 tines higher activity
than the entire overlaying water colum. This figure should be considered
an underestimtion of what is probably the true value because: (1) we
have assumed that there is no microbial activity in the sedinents bel ow

2 cm (2) the value was calculated in terms of a slurry which contained
only 30-50% sediment with the bal ance consisting of seawater



13

As was the case in the water sanples, the level of potential activity
in the sedinents of Prudhoe Bay was significantly higher than in_ the
sedinents studied in the Barrow area (Table 2b). The sample With the .
| owest activity was taken in the Barrow area (0.2 ug X K{logram h7H)
and the highest value was observed in a sample taken from Prudhoe Bay (17
ug_x.kilogram'lx hr"l).

Direct counts of bacteria in the sediment were nade using a modifi-
cation of the same technique used to measure the bacterial concentration
in seawater (Table 6). As is shown in Table 2b, tge average nunber of
cell's per gramdry weight of sediment was 6.3 x 10". Unlike the cells
found in the water columm where the concentration of cells was approxi-
mately the sane in the two areas of study, the concentration of cells
found in Prudhoe Bay sediments was approximtely twi ce that found in the
Barrow area. Using the same assunptions used to estimate bacteria
bi onass in the wat g colum, the bionass in upper tw cm of sediment was
about 0.9 gm per m .

C. Anal ysis of ice melt

A series of experinents was conducted to deternine the |evel of
heterotrophic potential in ice nmelt water and the effects of ice water
nelt on the heterotrophic potential observed in seawater (Table 7).
Instead of finding very |ow levels of microbial activity in the ice nelt
as was anticipated, levels of activity were about the same as those found
in the surrounding seawater. Furthernore, when the seawater was dil uted
to a salinity roughly half that found in the original sample, there was
little change in the maximum velocity of uptake (V___) and in the percent
respiration. The turnover tine in both experiments more closely resenbl ed
that found in the ice melt than that found in the surrounding seawater.

D. Changes in heterotrophic potential wi th incubation tenperature

It has been well established that tenperature is one of the nost
important factors affecting the biodegradation of crude oil. This
series Of experinments was designed to show the effects of tenperature on
mcrobial activity in seawater sanples as reflected by changes in V .
The effects of incubation temperature on the potential naxinunlvelogify
of glutamic acid netabolismwas measured in two ocean and two lagoon
wat er samples taken from stations 5a and 5b, respectively (Figures 3 and 4).
In all sanples tested, the level of potential activity increased markedly
with increased tenperature. The V in both ocean sanples had approxi-
mately the sane siope with increasing temperature (5.3 and 4.8) and the

same “y” intercept.

The trends found in the | agoon sanples were different. The sl opes
of the curves werel ower than those found in the ocean samples indicating
that the populations found in these waters were |ess affected by changes
in tenperature than the ocean sanples. In both |agoon sanples, there
was an inflection in the cerve at 15 C. Although nore work is necessary
to determne whether or not this inflection is indeed typical of the
popul ation found in the lagoon, it does open an interesting possibility.
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It is quite likely that this pattern reflects a nore heterogeneous
popul ation than that found in the ocean. There may be two groups of
organi snms present; one group that is psychrophilic in nature and is
injured by tenperatures above 11 C, and another group which may be
ei ther psychrotrophic Or mesophilic.

E. The acute effects of crude oil extract on mcrobial activity

A series of pilot studies was designed to give a first approxi mation
of the effects of crude oil on natural mcrobial nmetabolism A portion
of an aqueous Prudhoe crude oil extract was added to reaction vessels
and changes in the hetrotrophic potential using glutamic acid were
observed (Table 8). In none of the five experinents was there a significant
change in any of the factors studied. It nust be kept in mnd that
these experinents were conducted under artificial conditions, and that a
limted nunber of functions were tested.

F Mcrobial activity changes in crude oil enrichnent cultures with
time

Two studies were conducted to determne the changes that take place
in natural water sanples that have been enriched with Prudhoe crude oil.
In the first experiment, the oil enrichment and the control were sanpled
periodically to determine cell nunbers by plating subsamples on two
types of agar media. Mcrobial activity was also assayed by using
| abel ed acetate and glutamic acid. Figure 5 illustrates the changes in
cell nunbers as determned by plate counts using a nedium designed to
grow t he hi ghest nunber of organisms (Li b—X mediun) and a selective
medi um designed to allow the growth of only crude oil degrading organisns
(crude oil mediunm). In both the enrichnent and the control cultures,
the nunmber of crude oil degrading bacteria was 10% or |ess of the total
popul ati on.

The highest cell concentration levels were found in both cultures
after 7 days incubation with a higher concentration of cells present in
the oil enrichment culture than in the control. The relative nunmber of
oi | degrading bacteria remained higher in the oil enrichment than in the
control with time. These data suggest that under this highly artificial
environment, the cell. numbers were not adversily affected by the presence
of the crude oil. In fact, the crude oil appeared to cause a relative
increase in cell numbers.

The maximum velocity (v___) of glutamic acid and acetate uptake
were al so measured (Figures ®%%nd 7, respectively). In general, the
|l evel s of substrate uptake reflect the same patterns that were seen in
the cell number data with the highest values found on the 7th day, a
| arge decrease by the 19th day and then a slight increase by the 29th
day. The reason for the relatively low |level of activity seen with
acetate in the oil enrichment culture on the 7th day is not known. Wth
this one exception the uptake patterns were simlar for both glutamic
acid and acetate.
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A simlar study was conducted over a shorter period of time in
which the control contained only natural seawater (Figures 8 and 9).

After 1% days incubation, little change was seen in the either of the
cultures; however, on the third day, the uptake of both glutamic acid
anti acetate was highest in the control. On the 5th day, the uptake of

both substrates was as high or higher in the oil enrichment than in the
control. As the incubation time increased, the level of uptake in the
oi | enrichment remained higher than in the control. In general, this is
the same type of pattern that we observed in the previous experinent.

G Isolation of sulfate reducing bacteria fromArctic marine sedinments

A total of 18 sedinent sanples were tested for the presence of
sulfate reducing forms. In all sanples tested, sulfate reducing bacteria
were found. In all but one sanple (number 52 taken from Prudhoe Bay)
there was a tw to three week lag before visible sulfate reduction was
noted at 4 C. Visible sulfate reduction was seen in sanple #52 within
10 days at this tenperature. Sulfate reducing bacteria appear to be
comon in Arctic marine inshore sedinents.

H. G ow h-tenmperature profiles of psychrophilic hydrocarbon utilizing
bacteria isolated from the Beaufort Sea.

Q| enrichment cultures that had been incubated at 4 C were used to
inoculate crude oil plates. One hundred and fifty isolates were taken
fromthese plates, purified and screened for |ow tenmperature growh
characteristics. O the 150 isolates studied, only six which grew at 4
C were unable to grow at 25 C on agar plates. Figures 10, 11 and 12
show the growt h-tenperature profiles of these organisns after 42 h
incubation. Three of the six strains (#52, 53, 59) had the sane growth
tenperature profile illustrated in Figure 10. These were all gram
positive, motile, short rod-shaped bacteria with a nmaxi mum growt h tenpera-
ture of 26 C and an optinmumgrowth tenmperature of 21 C. These strains
are probably very closely related and would all be classified as psychrotrophic
organisms. One bacterial strain (#30) had the growth-tenperature profile
illustrated in Figure 11. Its maxi numgrowh tenperature was 19.5 C and
its optimum growth tenperature was 14.5 C.  This organismis a gram
positive, long slender rod which would be classified as a psychrophile.
The two remaining bacterial strains (#45 and 47) had the sane growth-
tenperature profile illustrated in Figure 12. They had a maxi mum grow h
tenperature of 17.5 C and an optinmum growth tenperature of 9.0 C.  After
67 h, growth was observed at tenperatures as low as -3.0 C. These
organi sns were both gram negative, vibrio-shaped, notile rods and woul d
be classified as psychrophiles. |t would appear fromthese data, that
we have at least three different strains which will be suitable for
further physiological studies.
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Table 1. Summary of physical and heterotropﬂic potential data for all water sanples studied. Al heterotrophic
potential data was measured using ~*C glutamic acid. The total Vmax is the maximum velocity for both
macronol ecul ar synthesis and respiration reported as (ug x |iteét x h-1) . The Q0,Vmax is the

maxi num velocity of respiration (mneralization). (*) indicates ice nelt sanples. (NO indicates
no observation nade.

Sanple Station Sanple Salinity |Incubation Sanple Total co, Tt _ Kt + Sn Per cent Correl ation
nunber number  tenp. 0/ 00 tenp. pH Vimax_ ,  Vmax_, (h.x-10 2) (vg X Respi ration Coefficient
x 10 x 10 liter-1)
2 | a 3.0 26.0 NO NO
4 1 3.2 26.5 NO NO
6 1 3.0 20.1 NO NO
7 2 2.5 21.0 0.0 NO 8.3 4.6 0.7 6.1 56 .99
9 3 2.0 20.0 o0 NO 9.0 5.9 0.6 5.3 67 .99
11 4 3.0 25.0 0.0 NO 9.1 4*9 0.6 5.5 57 .99
lla 7 NO N O 4.0 NC) 10.5 6.5 2,2 23.0 62 .99
12 7 3.0 31.0 NO NO N
13 7 2.0 23.0 1.0 NO 2.5 1.7 0.7 1.7 68 .98
13a *7 NO 0.5 1.0 NO 17.0 7.1 0.7 12.0 56 91
14 7 3.0 23.0 “1.0 NO 1.0 0.7 1.2 1.2 69 .99
15 10 -0.5 23.8 0.0 NO 1.4 0.9 0.8 1.1 71 .99
37 12 2*0 22.5 2.0 NO 11.6 4.5 0.5 5 . 4 51 .99
P9 5h 2.0 25.0 2.0 NO 11.8 6.4 0.7 7.9 61 099
’$9a *5b NO 0.0 1.0 NO 0.2 o1 14.2 3.2 60 .99
21 11 2.0 17.0 2.0 NO 1.4 0.9 2.0 2.8 68 .99
23 12 1.5 21.0 2.0 NO 4.0 2.9 1.0 3.8 72 .99
24 6 2.0 25.5 2.0 NO 0.5 0.3 12.7 6.2 76 .96
24a 7 1.0 25.0 2.0 NO 2.9 1.9 1.6 4.5 67 .99
26 1 0.4 20.0 0.0 NO 5.1 3.9 1.7 8.7 54 .96
28 2 -0.5 20.5 0.0 NO 1.0 0.5 68.0 65.0 61 .99
30 3 -0.2 20.0 0.0 NO 1.5 0.1 3.2 4.8 59 .97
32 4 -0.2 20.5 0.0 NO 0.9 0.6 2.7 2.4 60 .99
34 30 1.9 12*1 4.0 NO 2.6 1.3 0.6 1.6 49 .98
36 40 1.8 18.8 4.0 NO 5.9 3.0 0.6 3.2 53 , 93
37 50 1.5 20.0 4.0 NO 3.3 1.7 0.5 1.7 54 .99
38 53 -0.8 11.8 2.0 7.9 7.7 3.4 0,4 2.8 49 .97
40 55 -0.8 11.1 2.0 7*9 11.3 5.2 0.2 1.8 52 .99
42 55 -0.4 19.8 2.0 7.9 6.5 3.3 0.3 1.8 50 .98
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Table 2a. Data summary of paraneters neasured in seawater sanples. Al
paraneters reported as average values. *Data extrapolated from
t hose values reported by Dr. R Homer.  @iomass calcul ated
for an average neter’ with depth at 10.5 feet. ‘Nunber of bacteria
estimated by direct observation using epifluorescent M CrOSCOpY.

Prudhoe  Overall Rang e
Par amet er Units Bar r ow Bay Aver age From To
2 ug x__}iter"1

Vmax X 10 x h- 3.7 4.4 4.0 0.4 11.8
'1‘t X 102 h 5.2 1.1 3.5 0.2 68
R, +5_ g x liter 1 7.4 2.8 5+9 1.1 65
Percent respiration % 62 54 59 44 76
In situ tenperature co 1.2 1.0 1.2 -0.8 3.2
Salinity 0/ 00 22.7 16.7 20.5 9.0 26.5
pH 7.9 7.9 7.9 7.8 7.9
Depth of water

col um feet 10*5
of bacteria x 10° # cells/n A 4.5 4.5 0.1 11.9
@Bacterial bi omass mg g 9.5
*P04 ug-at/liter “4.4 1.0 2.9 0.3 10.9
”‘NH3 i pg-at/liter 0.6 1.0 0.8 0.1 5.2
*NOS pg-at/liter 1.8 . 1.3 1*5 0.6 10.0
*5103 ug-at/liter 9 13 10 4 40

Table 2b. Data summary of paraneters neasured in sedinents. (1) Paraneters
reported in terms of grans.dry weight of sedinent, (2) Bacterial
bi omass reported for meter” sediment x 2 cm

Prudhoe  Overall Rang e
Par anet er Units Barrow Bay Aver age From To
-1 Hg X g_iry_

(1) v_ x 10 wei ght x h %.5 7.0 5.2 0.2 17.0

Percent respiration % 47 38 43 32 71
pH 8 # Cells x g— 7@2 7@5 7-4 742 7»?
o{1)#bacteria X 10 dry weight 4.4 9.2 6.3 0.1 41.4

(2) Bacterial bionass mg - 880

164
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Tabl e 3a. V . MEasurements in water sanples taken at four stations in
Elson Lagoon (Barrow, Al aska). Nunbers given x 10'2 (ug x liter-|
x h'l). (NO not observed.

Station Nunber

Date . 1 2 3 4

8/ 21 NO 8.3 9.0 9.1
9/5 5.1 1.0 1.5 0.9
9/11 1.8 1.3 0.4 0.9
9/ 17 4.7 1.3 1.1 NO

Tabl e 3b. Vax TEASUrenents in water sanples taken at stations in Prudhoe Bay.
*sample taken at a depth of 2 neters, all others taken at the surface

v X 1072

Dat e Station Nunber (g x 128 x h-1)
9/8 53 1.7

" 55 11.3

" 55 6.5 *
1] 51 3.8

n 54 7.8
9/12 53 6.0

" 55 6.9

" 56 2.8

1" 70 1.9

" 71 2.0

9/ 13 50 4.8

1" 52 3.2

o/ 14 57 2.9

" 70 1.2

] 71 0.5

1" 72 2.0

" 73 4.0

1605
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Table 4. Number of bacteria per m in water sanples as determned by direct
counts using epifluorescent M Croscopy.

Sanpl e nunber Nunber x 10° Sanpl e nunber Number x 10°
2 5.8 45 0.1
4 11.9 47 3.9
6 5.3 49 1.2
1 6.6 51 6.3
9 5*3 53 1.4

11 6.5 95 2.5
15 5.9 59 7.5
17 1.2 60 6.0
19 4.5 62 6.6
21 3*7 64 0.7
23 3.7 67 4.3
24 0.3 69 5.7
26 4.8 71 7.6
28 6.7 73 0.6
30 6.7 75 0.8
32 0.8 77 0.9
34 6.3 85 0.1
37 5.8 87 0.3
38 5%3 89 6.5
40 6.0 91 4,2
42 4*7 92 6.0
43 7*0 98 5.7

Average 45 x 105/ m

1EL



Table 5. Summary of physical and heterotrophic potential data neasured in sedinent sanples. The “Total Vmax" data
represents the maximum velocity for both macronol ecular synthesis and respiration inugglutamate x g dry
wei ght sedi ment ~lx-h=r, The "CO0, Vmax" represents the maxi mumvelocity of respiration only
(mneralization) . The tenperature and salinity data was collected fromthe water directly above the
sediment. The “Associated Water Sample Nunber” is the nunber of the water sanple taken on the surface
above the sediment analyzed. (S) sedinent sanples that were too sandy to be accurately measured using
this technique. (NO not observed.

Sanpl e Associ at ed Tot al Co,
Sampl e Station Depth Water Sanple \ater Wt er Sedi ment Vmax . Vmix Per cent Correl ation
nunber  nunber ft. nunb e Tenperature Salinity pH x10 Xl o Respiration  Coefficient

16 10 28 15 -0.5 23.8 NO Too hi gh

18 12 6 17 1.5 22.8 NO 1.2 0.9 39 .82

20 11 10 21 2.0 17.0 NO 3.8 2.4 65 .99

22 12 10 23 1.5 21.0 NO 5.2 2.6 64 .82

25 1 7 26 0.4 20.0 NO 13.0 5.9 43 .99

27 2 6 28 -0.5 20.5 NO 1.1 0.5 41 .98

29 3 6 30 -0.2 20.0 NO 0.6 0.3 41 .99

31 4 6 32 -0.2 20.5 NO 0.7 0.2 37 .99

33 30 6 34 1.9 12.1 NO 7.8 2.9 39 99

35 40 6 36 1.8 18.8 NO S

39 53 6 38 -0.8 19.2 7.4 11.0 4.2 35 .99
41 55 7 40, 42 -0.4 19.8 7.6 6.4 2.9 36 .99
o 44 51 8 43 -0.2 19.8 7*5 6.5 2.1 32 " 99
~1 46 54 5 45 00. 2 17.5 7.5 10.0 3.6 34 .98

48 4 24 47 -0.5 18.8 NO 2.9 1.2 44 .99

50 3 34 49 -0.5 18.5 NO 0.2 0.1 71 .99

52 2 6 51 -0.5 18.2 NO 1.1 0.5 48 .99

54 1 7 53 -0.5 18.3 NO S

56 53 8 55 1.0 19.5 7.6 S

58 55 10 57 1.5 20.0 7.4 S

61 70 9 60 1.0 21.0 NO 17.0 5.6 32 ¢ 99

63 71 23 62 0.0 22.5 NO 2.9 1.0 39 .99

65 50 5 64 2.3 17.5 7.3 4.2 1.5 35 .97

66 51 1 2.2 19.3 7.6 6.7 300 32 099

68 52 8 67 2.2 8.5 7.3 5.1 1.7 32 .99



Table 5. Cont i nued

Sanpl e Associ at ed Tot al co,

Sanpl e Station Depth Water Sanple Wt er Wt er Sedi ment Vmax,, Vmax, Per cent Correl ation
nunber  nunb er ft. nunb er Tenmperature Salinity pH Xro x10 Respiration  Coefficient

70 57 5 69 1.8 19.2 NO S

72 70 20 71 0.3 21.5 NO S

74 71 19 73 0.0 21.3 NO S

76 72 15 75 0.6 19.2 7.7 3.0 0.9 51 .99

78 73 7 77 1.5 20.2 7.6 3.2 1.0 54 : 9

86 3 10 85 -0t 5 22.2 7.3 Too 1low

88 2 7 87 -0.5 22*2 7.2 6.5 2.2 35 .99

90 1 6 89 -0.5 22.0 7.2 5.2 2.1 40 .99

bea
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Table 6. Number of bacteria per gram dry weight sedinent as determ ned by
direct counts using epifluorescent M Croscopy.

Nurmber of Bacteria

Sanpl e nunber x 10°Per cm Dry Wi ght
16 0.6
18 0.6
20 4.3
22 17.0
25 4.6
27 0.1
29 0.4
31 2.5
39 10.9
41 1.5
44 5.2
46 4,6
50 3.7
52 6.1
56 0.5
65 0.4
66 41.4
68 6.7
76 11.7
78 8.8
88 12. 6
90 0.7

Average 6.3 x 10°cells/gram dry weight

1€9
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Table 7. Conparative heterotrophic potential measurenents in samples of ice melt,
associ ated sea water, and 50/50 percent mxtures of the two. (%) Theor et i cal
result of mxing
Experi nment Sampl e Sampl e Vimax Tt 5 Kt + Sn Per cent
Nunmber Nunmber Type (g x 11te)2~ X (h:x 109) ng Xy Respiration
h )10 liter ™)
25 82 ice 0.1 13.3 1.7 86
83 ice 2.2 1.4 3.0 60
84 ice 0.9 2.6 2.4 75
81 seawat er 2.4 0.5 1.1 66
84 + 81| mxture 2.2 2.0 4.4 65
* 1.6 o - 70
29 93 ice 3.4 1.8 5.9 67
94 ice 6.8 2.2 15.1 64
95 seawat er 2.8 0.7 20.0 62
93 + 95 m xture 5 7 2.0 11.5 65
* 3.1 -- 65
Table 8. Acute effects of aqueous crude oil extract on heterotrophic potential in
natural mcrobial populations using 14¢ | abel ed glutamic acid. “Exposure
Time" is the tinme between the addition of the extract and the addition of
the |abeled substrate.
Safiplie Exposut-e Extract Vmax Tt 9 Kt + Sn Per cent
Nunberr Time (h) added (ug X 11te§ x (h x 109) (vg x _; |Respiration
)10 liter 7)
14 0 no 1.0 1.2 1.3 69
yes 0.7 1.8 1.3 75
24a 0 no 2.9 1.6 4.5 67
yes 3.0 2.0 5.9 65
25a 2 no 2.6 1.9 5.0 65
yes 3.6 2.6 9.3 66
79 0 no 2.6 5.8 14.9 68
yes 1.9 7.9 14.4 71
98 0 no 0.7 11.2 8.1 70
yes 0.6 11.7 6.7 70
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Table 9.  Conparison of microbial heterotrophic activity in seawater taken
fromworld oceans as neasured using glutamic acid.

1 -1 Nurber  of
Ccean Vmax_ (ug x liter x h ) Sanpl es | nvestigation
Arctic 4. 0X10 2 50 This paper
Antarctic 1.0 x 10-° 23 Giffiths et al.
1976
Antarctic 1.1x10°2 8 Gllespie
(unpublished data)
Tasman Bay Gllespie
New Zeal and 4.0 x 10-° 1 (unpubl i shed dat a)
Eastern Tropi cal 29 Ham [ ton and
Pacific *.15 x 10 10 Preslan, 1970
Yaqui na Bay ) Griffiths
Newport, OR 7*3X10 1 (unpublished data)

*No (102 data included.
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Figure 1. Stations sampled in the Point Barrow area.
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Figure 2. Stations sanpled in the Prudhoe Bay area.
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Figure 4. Anot her

Temperature ‘C

experiment using the same parameters described in Figure 3..
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LT

Log number of cells

0 4 8 12 16 20 24 28 32

Days incubation

Figure 5. The concentration of bacterial cells as neasured onagar plates using Lib X medium
( solid lines ) and crude oil medi um ( dotted lines ). Measurenents were made in a Seawat er
sample containing crude oil (&) and an identical seawater sanple containing yeast extract (®).
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Figure 8, The sane paraneters as those descibed in Figure 6 except the control didnotcontain
0.8 mg yeast extract per liter.as wasthecasein the previ ous experiment.
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Figure 10.  Tenper at ure- growth profile of isolates nunber 52
was neasured after 4 hours incubation
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Figure 11. Tenperature- growth profile of isolate nunber 30.  (ptical density

was nmeasured after 42 hours incubation.
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Figure 12. Tenperature- growth profile of isolates nunber 45and 47. Optical
density was measured after 42 hoursincubation.
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VIl . Discussion

The report covers data that was collected during one field trip
to the Beaufort Sea and subsequent |aboratory studies. Since there
is no information of the type we have collected available as a basis
for conparison, it will take several nore years of field work before
enough conparative data is collected fromwhich to draw definite con-
clusions. The follow ng discussion should be reviewed with this -
restriction in nmnd.

A Heterotrophic potential studies

During the course of this study, water and sediment sanples were
taken fromtwo regions; Point Barrow and Prudhoe Bay. A conparison of
the data collected in these two regions will give sone indication oOf
variations which can be observed in two simlar marine ecosystens al ong
the shore of the Beaufort Sea. O the physical and chemcal factors
measured, only ‘the average salinity and phosphate concentrations showed
significant differences. The difference in the salinity (20.5 o/foo at
Prudhoe Bay and 26.5 o/o0 at Barrow) was probably not |arge enough to
cause significant differences in mcrobial activity.

The lower |evels of phosphate seen in the Prudhoe Bay area did not
adversely affect the levels of microbial activity as indicated by Vv
measurements.  The lower |evels of phosphate observed in this regi of®
may have an indirect effect on mcrobial activity by affecting primry
productivity but at this point not enough is known about these inter-
actions to make a valid prediction.

There”were also significant differences in the average values for
all calculations made fromthe heterotrophic potential studies. The
maximm potential velocity (V. ) of glutamic acid uptake was |ower at
Barrow than in Prudhoe Bay and the turnover tinme (T) , percent respiration
and transport constant and natural substrate concentrations (K+ S ) ‘were
all higher in the Barrow sanples. These data suggest that the level of
mcrobial activity in the Prudhoe Bay area is higher even though the
concentration of bacteria as determined by direct counts was about the
sane in both areas.

The turnover tinme “(T.).was about one fifth aslong in the seawater
sanpl es taken in Prudhoe Bay. Since T, is the time in hours required
for the natural mcrobial population %o utilize all of the natural |y
occurring glutamic acid, any decrease in this quantity reflects either
an increase in mcrobial activity, a decrease in the natural concentration
of glutamic acid or a conbination of both. W do not have any information
on the natural concentration of glutamic acid in these waters nor do we .
have any information on the actual in_situ netabolic rates thus we do
not know to which extent these two factors play a part in the lowered T,
val ues i n Prudhoe Bay. L

This study was made in collaboration with a study made by Dr. Atlas
and his associates. Since all neasurements were nade on the same sanples,

184
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our results are directly conparable to theirs. Their neasurements of tota
cell nunbers as determned by colony growh on marine agar plates incubated
at 4 C show many of the same patterns that we observed in relative V
determnations. They found that the average cell concentration as detér-
mned by plate counts was higher in both water and sedi ment sanples taken
in Prudhoe Bay when conpared to those taken in the Barrow area (Atl as,

Sem -annual Report No. 1).

Not only were there differences seen in the average V __ values
observed in the two major regions studied, but there were offier consi stent
differences seen within the two sanple areas. O the first four stations
sanpled in Elson Lagoon (Figure 1), station nunber one consistently showed
hi gher Vo values (Table 3a). This station was |ocated in a “hook”
al ong the®8pit. Due to its location, it is quite likely that a large
amount of organic material was trapped within this area with a resulting
increase in mcrobial activity.

In Prudhoe Bay, another trend was noted; the further fromshore a

wat er sanple was taken, the |ower the observed V (Table 3b) . A
sinilar trend can be seen in the cell count data teported by Atlas,
i.e., the further fromshore the sanple was taken, the |lower the cel
concentration. This follows the same trend that has repeatedly been
reported by others, namely, as one sanples further from shore, the
concentration of bacteria as determined by plate counts, decreases.
This pattern is probably due to both a decreased input of terrestrial
organi sms and reduction in the level of available nutrients.

Anot her factor that was measured in both water and sedinent sanples
taken from these two areas was the percent respiration. This is the
amount of glutamic acid that was mneralized to co, relative to the
total amount of glutamic acid taken up by the cerr§ (nore precisely the
amount respired plus the glutamic acid carbons that were incorporated
into macromol ecules). Twtrends were noted. The average percent respira-
tion was lower in both water and sediment sanples taken from Prudhoe Bay
than those taken from Barrow. Secondly, the average percent respiration
was | ower in sedinent sanples than in water sanples (Tables 2a and 2b).

It is not known at present what has caused these trends but the underlaying
factor is probably the physiological state of the cells. This will be
investigated further in the laboratory. One possibility is that when

cells are in a balanced growth condition, i.e. they have all the nutrients
in the right proportions they need for growth, a larger percentage of

the nutrient that is taken up will be utilized in biosynthesis. As the
conditions for growh becone |ess favorable, nore of the nutrient will be
used as an energy source and thus a greater percentage will be respired

to (0,

There are many situations in which fixed nitrogen is an inportant
limting factor in the biodegradation of crude oil. At the present tine
there is very little information available on the nitrogen cycle in the
waters of the Beaufort Sea. W plan to place nore enphasis on this
probl em as our studies continue. There is, however, one factor that can
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be extrapol ated from our heterotrophic potential data which will give
sone estimate of potential amoniumion release as the result of amno
acid oxidation. Taking the average V and petcent respiration data
fromthe seawater sanples we analyzeﬁfxme can cal cul ate the maxi num
potential release of ammoniumion into the seawater due to substrase
oxidation by the mcrobial population. This figure is 0.02 mg-at/m™/ hr
or 0.02 ug-at/liter/hr. The average concentration of ammoniumion in
the seawater sanples tested was 0.8 ug-at/liter/hr. |f enough glutamic
acid was made available to the natural mcrobial population, the concen-
tration of amoniumion found in these waters coqu be repl aced every 40
hour s

Al though we have no information on the natural concentration of
ammonium in the sedinments, we can calculate the potential input of
ammoni um due to the oxidation of glutamic acid. Again, using the average
Vv and percent respiration figures in sedinents, we can calculate
thaf the maximumrate of amoni um i nput would be 1.6 x 107 ug-at/ g
dry weight/hr, This figure can be extrapolated to 0.38 mg-at ammoni um
ion rel eased per square neter of sedinment per day. These figures are
al | maxi mum potential rates and should not be considered as actual in
sturates. Only with further study will we be able to estimate actual
in situ rates of ammoniumion production.

One factor that should be kept in mnd while interpreting the
results of the heterotrophic potential studies is that the technique
used in preparing the sanples for the radioactivity assay renoves a
significant amount of the |abeled substrate fromthe cells (Giffiths,
Hanus, and Morita, 1974). A further investigation into this-phenonenon
indicated that cells that had been treated as they have in this study
(acidification prior to assay) retain only that |abel that was associated
with the substrate that was incorporated into macronol ecul es (Baross et

al. , 1975). Subsequently, all substrate that was bound to the surface of
the cell and/or contained as pooled naterial within the cell was |ost.
Thus all of the V_ cal cul ations should be considered as conservative

estimtes of the potential anmpunt of substrate that could be taken up
by. the cells.

B.  Incubation tenperature studies’

Tenperature has traditionally been cited as one of the nost inportant
factors affecting levels of metabolic activity in biological systemns.
The inportance of this paraneter in the biodegradation of crude oil in
marine environnents has been pointed out by several investigators (Atlas
and Bartha, 1972; Milkins-Phillips and Stewart, 1974; and G bbs, Pugh
and Andrews, 1975). Until now, nothing has been reported on how tenpera-
tures above that found in situ mght affect the function of natura
m crobial populations in the Beaufort Sea. Local warming during the
sumrer nmonths in relatively shallow waters such as those found in Prudhoe
Bay have been observed (R M Atlas, personal conmunication). This
phenonenon coul d be further intensified locally by the addition of
a solar radiation absorbing slick of crude oil on the water’s surface.
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The effect of incubation tenperature on the observed v val ues in
a given population was studied (Figures 4 and 5). Wth the except|on of
the deflection in the v observed in the | agoon sanples at about 15 C,
there appeared to be very little indication of functional changes due to
thermal injury within the tenperature range studied. This is in contrast
to the observations made by Griffiths, Hayasaka and Morita (1976) in
a simlar study conducted on seawater sanples taken fromthe Antarctic
Ocean. In that study, two of the four sanples studied showed a |arge
reduction on the V values as the sanples were heated to 16 C. Even
t hough there was 11%¥1e evidence of thernmal injury in the uptake and
respiration of glutamic acid, data reported by Atlas in his first sem-
annual report suggest that there is probably a significant psychrophilic
popul ation present in these waters. H's data show that the nunber of
bacteria that would grow on plates incubated at 4 C was, on the average,
greater than those capable of growth at 20 C

In both studies in which ocean and |agoon sanpl es were conpared,
there was a difference in the v patterns observed with increasing
incubation tenperature. Both of8%n sanpl es showed greater increases in
Vinax values than did the lagoon sanples. The response in the ocean
samples Was al so more linear than in the lagoon sanples. These trends
probably indicate a basic difference in the mcrobial populations found
in these two waters. Mre work will have to be done tosubstantiate
these findings and to determ ne what,if any, application the tenperature
profiles of bacteria mght have in characterizing water masses. One
factor that was brought out by these studies was that even though the
observed V, _mght be the sane in twowater sanples, it is not possible
to predict "§fat the Voo WI|| be when the water tenperature is raised.

c. Effects of crude oil on natural mcrobial populations.

ne of the objectives of this study was to determ ne what the
i medi ate effect of crude oil might be on a natural mcrobial population
in marine waters. There is no one technique which will enable the
observer to measure all possible functions under in situ conditions.
The technique used involved adding an aqueous extract of crude oil to the
reaction vessels used in the neasurement of heterotrophic potential.
Wien the subsamples that contained the crude oil extract were conpared
with the controls, no consistent differences could be seen. These
results suggest that the transport, respiration and the incorporation of
glutamic acid into macronol ecules were not adversely affected by the
presence of crude oil. W do not know how closely the experinental
conditions imtate those found in situ during an actual oil spill nor do
we know what other functions may be aifected.

Anot her series of experinents was conducted which was designed to
determine the effects of crude oil itself on glutamic acid uptake over a
| onger period of time. In these experinents, natural seawater sanples
were exposed to crude oil and incubated at 4 C.  Subsanples were taken
periodically to determne the |levels of glutamic acid uptake and to
determ ne the number of organisns capable of formng colonies on two
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agar nedia. In both experiments, the V___ values were lower in the oi
enrichment cultures than in the control$®fear the beginning of the
experinment. This was the case when either acetate or glutamic acid was
used as the labeled substrate. In a simlar study, which is currently
in progress, the sanme trend was observed. Plate counts made during the
first experinent indicated that at the beginning of the experinent, even
t hough the crude oil apparently had an adverse effect on the v val ues,
there was no adverse effect on the nunber of organisns that were able to
form colonies on either of the media utilized. As the incubation tine
was increased, the V as measured using either acetate or glutamic
acid was higher in th&%0i | enrichnent culture and the cell counts on
both media increased as well. It would appear from these data, that
after several day's incubation, there may be sone adverse effect caused
by exposure to crude oil, but soon after that time, the crude oil itself
or byproducts of crude oil degradation nay act as a substrate for cel
growt h

One inportant factor must be kept in mnd when interpreting the
results of these experinments. By the very experinmental design of these
studies, significant errors have been introduced. Namely the drastic
changes which are known to occur in any seawater sanple that is confined
to a vessel. - ZoBell (1946) was one of the first to observe that the
number of bacteria present in a given water sanple markedly increases
after a relatively short period of confinement. Since the conditions of
confinement “are nuch different than that found in situ, it is quite
likely that after a relatively short period of time, shifts in the
conposi tion of the population occur, thus the resulting population is no
| onger representative of the original.
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VIIl.  Concl usions

1. The levels of potential glutamic acid uptake (Vm ) observed in
water sanples taken fromthe Beaufort Sea were as high as those observed
in other relatively productive marine waters.

2. The nethods used to nmeasure heterotrophic potential in water sanples
were nodified for sediments. The microbial activity in the sedinents was
consi derably higher than that found in the water colum. In the relatively
shal | ow waters that we studied, the sedinments accounted for about 400

times the activity found in the overlaying water colum. Direct bacteria
counts of sedinents and water sanples showed that, when conpared on a
volume to volume basis, there were roughly 1,000 tines nore bacteria in

the sediments than in the water colum.

3. Basic differences were found in the water and sedinent sanples

anal yzed in the Barrow area and in Prudhoe Bay. Both the salinity and
the concentration of phosphate were |ower in Prudhoe Bay. The maxinmum
potential welocity Of glutamic acid uptake was higher in both the water
and sediments of Prudhoe Bay than those of the Barrow area. The percent
of glutamic acid respiration was |ower in Prudhoe Bay.

4, In both Barrow and Prudhoe Bay there were |ocations which consistently
showed higher levels of potential microbial activity. In Barrow the

hi ghest levels were seen in the water sanples taken at station #1 and in
Prudhoe Bay, the water sanples taken closest toshore gave the highest

| evel s.

5. Wien the effects of incubation tenperature on the maxi num potentia
vel ocity of glutamic acid uptake (v__ ) was studied, it was found that
there was a marked increase in v "ith increasing incubation tenperature.
These data suggest that over themfénperature range that mght be expected
fromlocalized warmng, no loss of activity should result during short
warmng periods. These data al so showed that there were basic differences
bet ween the response of open ocean water and |agoon nicroorgani sms to
heating. This phenomenon should be explored further to determine if

this mght be a useful nethod for differentiating mcrobial populations.

6. On the average, there was roughly a 10%increase in the observed
A values with each degree increase in the incubation tenperature
ab8¥e that found in situ.

7. Studies on the effects of nelted ice water on heterotrophic potentia
data suggest that when nelting ice water is released into the surrounding
seawater, there is little effect on the observed mcrobial activity or
the percent respiration. The level of potential microbial activity

found in the ice water melt was close to that found in the surrounding
seawat er

8. The acute effects of crude oil on the uptake and respiration of
glutamic aci d was studied by adding an aqueous crude oil extract to the
reaction bottles used to determne heterotrophic potential. o consistent
alteration in function was observed when the extract was added.

1&0
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9. Changes in the heterotrophic potential with tine were studied in a
natural mcrobial population exposed to crude oil using both |abeled
glutamic acid and acetate. In the initial stages of incubation, the

levels of activity were lower in the crude oil enrichment than in the
control. As the incubation progressed, the levels of activity increased
in the crude oil enrichment until they were higher than in the control

10. There was a different pattern of uptake with time in the two |abeled
substrates indicating that there mght have been shifts in the relative
function of various groups of organisms within the original population
Further study nust be made to deternmine the significance of these shifts.

11. In the crude oil enrichnent studies, there was al so evidence that
wi thin the aqueous phase, the concentration of crude oil utilizing
bacteria increased faster in oil enrichment culture than in the control

12.  Sulfate reducing bacteria appear to be very common in the inshore
sedi nents of the Beaufort Sea

13.  Psychrophilic crude oil degrading bacteria are probably quite rare
in the waters of the Beaufort Sea. O the 150 crude oil degrading
bacterial strains isolated fromthis region, only three strains have a
maxi mum growt h tenperature below 20 C.  Hence nost of bacteria degrading
crude oil are probably psychrotrophic.

IX. Needs for further study

a. The heterotrophic potential studies should be continued to include
representative water, sedinent and ice sanples from nmore geographica

| ocations. These studies shoul d be expanded to extend our know edge of
the natural tenmporal and spatial variations in mcrobial activity. The
location of sanple sites should be expanded to include respresentative

shoreline environments as well.

b. Studies on the effects of crude oil on natural nicrobial populations
both in water and in sedinents shoul d be continued using inproved techniques.
The range of functions monitored should be expanded by using different
substrates

C. Whenever possible, sanpling should continue to be coordinated with
Dr. Atlas with supportive nutrient data provided by Dr. Al exander

d. Since fixed nitrogen is so inportant to the biodegradation of crude
oil, sone estimate should be made of the rates of nitrogen fixation and
vitrification in the sediments of shallow waters.

e. The basic physiology of the psychrophilic marine hydrocarbon utilizing
bacteria shoul d be studied further to determ ne how they function under
sinulated in situ conditions as found in the Beaufort Sea. (The physio-

| ogi cal studies of hydrocarbon degradati on by these organi sms have not
progressed as planned because of the tine delay in acquiring the gas

180
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chromatography.  This instrunent should be operational by June, 1976.)
These studies will give a better understanding of the potential function
of these organisns in the event of an actual oil spill and will give
sone estimate of their potential useful ness as seeding organi sns.

f. The useful ness of incubation tenmperature profiles for differentiating
certain popul ations of mcroorganisms shoul d be explored further.

g. The results of the oil enrichnment culture experinents indicate that

the measurement of heterotrophic potential using nore than one substrate

may, under certain conditions, give useful information about the function
of nore than one group of organisns within a given sanple. These possi-

bilities should be explored further.

X. Summary of 4th quarter operations.
A Laboratory activities at Oregon State University.

During this period, nuch of our effort was directed toward conpiling,
anal yzing and reporting the data collected during our sumer field study
period. In addition, we have isolated and purified over 150 strains of
hydrocarbon utilizing bacteria. O these strains, 6 were selected which
were either psychrotrophic or psychrophilic in nature. Studies were
initiated which were designed to determine their growth - tenperature
profiles and identity. A crude oil enrichnent study was initiated using
a natural water sanple taken from Yaquina Bay, Oregon. This study was
designed to give a better understanding of the changes that take place
within a natural mcrobial population when it is exposed to this pollutant.

B. Ship activities

During this period, we will have initiated our first study in the
Qlf of Alaska. W will be participating in a two week cruise on board
the Discoverer. After the cruise, we will proceed to NARL to continue
the studies that we initiated there [ast summer.

L W will be on board the Discoverer from16 March to 3 April, 1976.

2. Dr. Robert P. Griffiths of the Departnent of M crobiology, Oregon
State University, will be the sole investigator on board from our group.

3. The same nmethods will be used as were described earlier in this
report.

4, A sel ect number of stations will be sanpled along the standard

sampling grid for the NE Qulf of Alaska; see reference to leg Il of the
Di scoverer Project Instructions dated January 30, 1976 from Dr. Herbert
E. Bruce.

5 Heterotrophic potential data will be collected on approximtely
20 seawater and sedinment sanples.

G1
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11.

Sunmary

The objectives of this continuing work are to determne the kinds
and amounts of hydrocarbons in water, biota, sedinent, and seston
in the Al askan OCS environments and to determine the extent to

whi ch hydrocarbons are adsorbed by suspended sedinments of the Gulf
of Alaska. These measurenents provide the |ink between inpacts,
such as the decline of a biological population, and suspected

causes of those inpacts, such as the addition of petroleumto the

system

Based on work so far comgleted, it appears that the levels of
hydrocarbons in the A askan OCS environnents are as |low as,” or

| ower than other areas of the world ocean not subject to obvious
petrol eum pollution. Information is still lacking about how hydro-

carbons are dispersed and degraded in these environments

[ ntroduction

The general goal of this project is to neasure the ambient kinds
and amounts of hydrocarbons in various conponents of the Al askan
Ccs environnent and to study key processes by which added hydro-
carbons are transported and degraded in this environment. The
primary focus of this work has been the Gulf of Alaska. Wrk has
al so begun in the Bering Sea. Proposed work in the Beaufort Sea

has not yet begun because of |ack of logistic support,

1S NN
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Measurements of ambient levels of hydrocarbons are relevant to
petrol eum devel opnent because these measurements show that the

Al askan OCS presently has hydrocarbon |evels conparable to other
areas of the world ocean free of obvious hydrocarbon contam nati on.
Thus, these neasurenents provide reference “baseline” data for
future conparison. The study of transport and degradation processes

will lead to the ability to predict the fate and effects of petroleum

whi ch enters the Al askan OCS,

This project has several inteizelated specific objectives:

1. Collection and analysis of biological materials fromthe
QI f of Alaska and Bering Sea.

2, Col l ection and anal ysis of surface water fromthe Gulf of
Al aska.

3.  Collection and analysis of floating tar fromthe Gulf of
Al aska and the Bering Sea.

4, Col l ection and analysis of benthic sedinents fromthe Gulf of
Al aska, Bering Sea and Beaufort Sea. This work has been
carried out by a sub-contractor and will be reported on separately
by him

5 Investigation Of the interaction of petroleum hydrocarbons
wi th suspended sediments fromthe Qulf of Alaska under

laboratory conditions.



Current Stare of Knowledge

The methodology for the analysis of environnental materials for
hydrocarbons is in 4 state of evolution; considerable controversy
exi sts anmong anal ysts as to which of the available procedures are
most suitable for this kind of werk. In order to proceed with this
project, it has been necessary to select specific (but undoubtedly
not universally favored) analytical procedures. This has been done
after conmparison of several of the methods in current use. To
facilitate conparison of the results obtained here with those of
other studies, we present a detailed description of our method and

provide conparative results which relate it to other nethods.

The results of this study, reported here and in our previous annual
report, (Shaw, 1975), are the first neasurements of hydrocarbons on

the Alaskan OCS. There is no historical. data base to draw on.

Study Area

In the Qulf of Alaska this project’s study area includes that part
of the continental shelf from Yakutat Bay on the east to Unimak
Pass on the west. 1In the Bering Sea, the study area is that part
of the southeastern Dering including Bristol Bay bounded on the
northwest by sSt. Matthew Island and onthesouthwest by Unalaska
Island . In the Beauiort Sea, the? stv*ea“includes that part of
the continental sheli between POi Nt Barrow on the west and De-

marecation Peint ON theeast.
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v, Met hods and Ratienale of Data Collection

1. Sampling.

Qur plans for collecting sanples of materials to be analysed
were fornmed in consideration of the need for geographic and
tenporal coverage as well as the limtations of the tota
number of sanples to be analysed and the |ogistic support
avai l able. \Water sanples have been collected quarterly

in the hope of obtaining data in sufficient detail to
allowit to be related to the nnvenént of water nmasses

and to seasonal biological fluctuations. To facilitate
such conparisons, water collections were nade at stations
selected from those being used for collection hydrographic,
zooplankton and benthic fauna data. The details Of water

collections are set forth in Tables 1, 2, and 3.

Col I ection of seston to be examned for floating tar has been

carried out on an opportunity basis; the specifics are enunerated

in Tables 4 - 7.

Bi ol ogical materials have been collected by other investigators
associated with this programas they collected nmaterials for
their own progranms. This has provided a wde range of species
and collection sites. Based on anal yses of these materials,
deci sions can be made about the nost desirable species for
continued study. The collections of biological naterials are

presented in Tables 8 and 9.

an
lJu



Methods

Biota

Bi ol ogi cal collections have been nade by several cooperating
investigators. Each has been given pre-cleaned bottles, tongs

and the follow ng instructions

“Sanpl es nust not be touched -directly or all owed
to cone in contact with plastics or other non-
environmental materials. They should be handl ed
only With tongs or other metal inplenents which
have been cleaned just prior to use by heating in
a flame (propane torch is suitable for this).
|f possible, place an entire animal (or several)
ina bottle. If a fish is too large, cut the body
a few inches forward of the tail at right angles
to the backbone and bottle the tail portion. The
insides of the jars and their alum num cap
liners have been specially cleaned to prevent
contamnation. Open and close the lids firnly
and gently to prevent damage to the liners.

If a liner is damaged, do not use that bottle.
Do not touch the interior of the bottle or its
liner. Label each jar with location, depth,
date, species (if known) and length (if the
sanple is less than a whole animal). Freeze

l(‘- 0
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the sanpl es immediately and | abel the sanple cases
“Keep Frozen”. Carry out the sanpling in an area
free of obvicus contamination (oil soaked deck,

smel | of fuel, downwi nd of engine exhaust, etc., are

commorn-sources of contamination)."

Before the procedure for the analysis of biological nmaterials
described below was adopted, a laboratory conparison of several

possi bl e methods was made. This conparison study is described in

Appendi x 1.

In the [aboratory specific handling prior to extraction is de-
pendent on nmaterial being analyzed, For viscera, gills, neat, or
“other tissue sanples we routinely macerate with a virtis honpbgeni zer
with 100 m methanol prior to saponification.” This basic procedure
is nodified for some sanples. Gound up shell of invertebrate

sanpl es cause bunping during saponification and increases enulsion
probl ens during liquid:liquid extraction, Crab legs are therefore
cut into pieces (approximately 1 cn) and saponified directly,
without maceration. Fish bones can cause simlar problems. 1If a
fish sanple is cut into small pieces (<1 cm) extraction is still

conplete in 24 hours.

After the sanple is cut into pieces and/or honogenized, 100 m 1N
KOH in methanol and 50 ml H,0 (total 250 m solvents) are added and
the sanple is saponified for 24 hours. The pt is then checked to

assure that it is greater than 10. The sample is then [iquid:

" N .'
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liquid extracted three times with 100 M hexane. The combined
hexane extracts are washed with 150 ml saturated aqueous NaCl then
dried overnight wth Na, 50, . The hexane extract is concentrated to
10 M. A 100 ul aliquot is air dried and weighed to determ ne

total non-saponifiable Iipid.

A colum of 10 ml alumina over 20 ml silica is packed in a 50 n
buret. This makes a colum of 11 nmnmmx 35 cmwith a pore volume Of
approximately 10 ml. Both alumina and silica are Soxhlet extracted
for 48 hours with 1:1 methanol:benzene prior to use. Aunmina is
activated at 250° for 24 hours and then partially deactivated with
6% HZO. Silica is activated at 120° for 24 hours and partically
deactivated with 5% HO0 (Barrington, et al., 1972). A column:lipid
ratio of approximately 1,000:1 is used. Fnough sanple to yield
approximately 20 ng lipid is concentrated to less than 1.0 m and
charged to the colum. Two eluates are collected: 40 m hexane and
40 M benzene, at1to 2 m per mnute. The eluates are concentrated
to approximately 1.0 ml for gas chromatographic analysis. For

smal | sanmples (<18 mg total lipid) smaller colums are used.

Gas chromatographic (G.C.) analysis is done on a Hew ett Packard
nodel 5710A with flanme ionization detectors. The colums are
1/8" x 12" stainless steel packed with 3% OV 101 on Chromosorb
W 100-120 Aw-DMCS. The tenperature programis 2 mnutes at 80°
followed by 80° - 280° at 8° per ninute. The carrier gasis

heliumat 50 ‘m per mnute.



Quantation i S done with a Hewlett Packard 3380A int.e.grater using an
external standard procedure wherein the area under the curve for
the sanple is conpared to the area under the curve for a standard
of known concentration. The efficiency of the entire sample pre-
paration procedure is regularly neasured and taken into consider-

ation in the quantation cal cul ations.

Wat er

Water sanples for hydrocarbon analysis are collected fromnear the
bow of the ship imediately upon reaching the selected station.
Sanples are taken in one gallon glass bottles which have teflon cap
liners. These glass bottles are cleaned prior to use by rinsing 4
times with tap water, twice with distilled water and then firing in
an oven at 500°C for about 5 hours. The cap liners are cleaned by
boiling in nmethanol, then benzene, and twice in hexane. They are
then rinsed and placed by flamed tweezers in the bottle cap. After
wat er collection by submergence of the sanple bottle, some of the
water is poured off and 25 ml cc1, s added to the sanple. Reagent
grade cc1, has been distilled by us. The quality is checked by

concentrating 100 m of ccl, with a rotary evaporator to 0.5 nl and

4
analysing 5 ul of this concentrate by G C wusing the conditions at
which the sanples are run. The surface water sanple is now seal ed,
shaken, and stored in a refrigerator until it can be analyzed in

the laboratory. The sanples range in size from 3000-3800 m .
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The sample is weighed before the extraction is begun. It is then
liquid:liquid extracted once by the 25 ni cé’l4 whi ch was added
during collection and once nore with 25 ml Ccl, . The sanple is
extracted the first tine in the sanple bottle and the second time
in another bottle which has been through the sane cleaning pro-

cedure. Each bottle is additionally rinsed with 5 m cc1 The

4
extracts are conbined in a 250 m separator funnel for renoval of
water.  The ce1, extract is concentrated to about 2 m wth a

rotary evaporator. In order to saponify the sanple the solvent is
changed from c014t0 benzene. This is acconplished by adding 10 m

benzene to the concentrated (3014 extract and concentrating via a
rotary evaporator to 1 ml. This procedure is repeated twice
(benzene is added a total of 3 tines). The sanple is then at a
volume of 1.0 ml and the solvent is primarily benzene. The sample
I's saponified by refluxing for 2 hours with 10 m benzene, 10 m
1.0 NKOH in nethanol, and 5 ml water. After saponification, the

sanple is extracted 3 times with 10 m hexane, the extracts are

conbi ned and dried overnight with anhydrous NaZSQl“

A 7 em colum of 6% deactivated AL,0, over 5% deactivated Si0,
(1:2, v:v) is packed and the sample, which has been concentrated to
0.5 is placed on the colum. Two 2.5 nl fractions are eluted,
and collected in clean vials. The first fraction is eluted with
hexane and the second is eluted With benzene. Each fraction is

concentrated to 0.3 mM with a stream of ultra high purity nitrogen.



The sanples are anal yzed on a Hewlett Packard 5710A gas chromato-
graph With dual flame ionization detectors. The analytical colums
are 12 x 1/8" stainless steel packed with 3% OV-101 on 100-120
chromosorb W (AW DMCS). Five microliters of the sanple are in-

jetted and recorded on a 3380A Hewlett Packard integrator.

Tine carrier gas is heliumflowng at 50 m/ninute, Both the
injector and detector are held at 300°. The colum tenperature
program includes 2 mnutes at 80° followed by a |inear tenperature

rise to 280° at 80/mnute and then 16 mnutes at 280°.

Tar

Col I ections of tar were made using a surface sampler constructed to
the design of Sanmeoto and Jaroszynski (1969) using 363 nesh nets.
The sanpler was rigged so that it rode outside the ship’s bow wake.
Each tow was for one nautical mle (1.85 km, nost conmonly obtai ned
by towing at four knots for 15 mnutes. In this way, the 0.4 m
wide nouth of the sanpler swept through 740 ni of sea surface. A
sanpl e was washed into a glass bottle, frozen, and returned to the

| aboratory for visual inspection. Tar lunps were dried in a des-
sicator for at least 48 hours before weighing. Hexane extracts of
sel ected tar |unps were subjected to gas chromatography on a Varian
model 1520 instrument using a 12 foot by 1/8 inch stainless steel
col um of 3% OV-101 on 100-120 nmesh Chromosorb W{AW-DMCS).  Chromat o-

grams were tenperature programed from 60° to 290° at 8° m'n'l.

o0 a
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Interaction of Hydrocarbons and Suspended Sedi ment

Petrol eumintroduced into the marine environnent is dispersed
and degraded by a |arge number of biological, chemcal and

geol ogi cal processes. These include evaporation, solution

i ngestion, metabolism and sedinentation to nention only a few
of the nmore inportant classes. The relative efficency of

these processes and the selectivity of each of them for
various chemcal constituents of petroleum determ nes what
happens to oil in the nmarine environnent. For exanple, if
petroleumis introduced at or near the surface and the pro-
cesses which carry that oil to the sea bed are very inefficient
conpared to other dispersion processes, then there is re-
latively little reason to be concerned about the effect of

that oil on benthic biota. On the other hand, if processes
that sedinent oil are very efficient, then the effect of the

oi | on benthic biota should be a major concern.

If hydrocarbons in seawater were adsorbed on suspended sediment
particles, these hydrocarbons woul d be transported to the
bottom as the sedinents settle out. However, the efficiency

wi th which hydrocarbons are adsorbed by suspended sedinents is
poor |y understood in general and conpletely unknown for the
conditions that prevail in the Qulf of Al aska and other

Al askan OCS waters. In view of this, we have set out to
design and execute experiments to determ ne the extent of

interaction between representatives of various chenica

205
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cl asses of hydrocarbons present in petrol eum and suspended
sedinents fromthe Qulf of Alaska. At the tine of this
witing (March 1976) we are beginning a matrix of experiments
inwhi ch hydrocarbons will be allowed to partition between
wat er and suspended sedinents fromthe Gulf of Alaska. The

experimental variables that Will be investigated include:

A. Mlecular structure of the hydrocarbons -- an alkane,
cycloalkane, aromatic, and naptheno-aromatic Wi ll be
tested.

B. Hydrocarbon concentration.

C. Presence or absence of other non-petrol eum hydrocarbons
that mght be present under natural conditions (surfactants).

D. Salinity.

E. Tenperature.

F. M xing turbul ence.

G Sedi nent  si ze.

H. Sedi ment m neral ogy.

Suspended sediments were collected by centrifugation al two
stations near the nouth of the Copper River during a cruise of
the R'V A cons 6-10 Cctober 1975. The locations of the stations
at which these collections were nmade, CRl and CR2 are given in
Table 5. The sanples were frozen and returned to the |abor-

atory.
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VI,

The [:i-sill size distribution of the scdiments has been determ ned.
Both suspended sedi ment samples passed conpletely through a

230 mesh screen (4 ¢ or 62.5 pm). Size analysis was done
according to the pipetting procedures of Folk (1968). Tines

and depths of withdrawal of aliquots were al SO determined

after Folk.

The one liter cylinders used in the analysis were put in a
water bath at 27° C and allowed to equilibrate overnight.
Approximately 20 g of sanple were used in each analysis.

Equal aliquots were W th "rawn at the appropriate depths and
times with a 20 ml pipette and pipette bulb. The beakers were
allowed to dry in an oven overnight at 95° C and were cool ed
at least one hour prior to weighing. Tte beakers were weighed

using an anal ytical balance.

Resul ts

The results of hydrocarbon anal yses of biota are presented in Table
10.  Concentrations of hydrocarbons are reported in the units of
ug/g (ppm) based on wet weight of the material analyzed for two
hydrocarbon fractions, referred to as “fraction 1 and “fraction
2". The first of these, “fraction 1“, refers to the hydrocarbons
eluted by hexane in the colum chromatography step of the sample
work up.  This includes saturated hydrocarbons (alkanes and cycl o-

alkanes) and sone unsaturated hydrocarbons (alkenes and cycloalkenes).

S TANS
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The "fraction 2" includes larger and more extensivel y unsaturated
hydrocarbons, aromatic hydroaarbons and pessibly some non-hydrocarbon,
non-saponifiable organic compounds of Jow polarity. In addition to
the total concentrations of Table 10, annotated gas chromatograms

are presented in Appendix 2.

The results of analyses of water for hydrocarbons are presented in
Table 11. The concentration .units are ug/kg (ppb) and the meaning

of “fraction 1" and "fraction 2" are the same as for biota.

Tar was found on only three of the 51 tows reported in Tables 4-7.

The weights of tar and the | ocations at which they were found are

given in Table 12

The grain size distributions of suspended sedi nents from the mouth

of the Copper River are shown in Figure 1.

VIl . Discussion
Biota
Hydrocarbons present in biota may be the result of indigenous
biosynthetic processes or petroleum pollution, Distinguishing
bet ween these two sources can be difficult and time consuming,

particularly if the pollution levels are less than gverwhelming.

Criteria for making this distinction have been di scussed by Blumer

-14-
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and Sass (1972) and by Clark (1.974). In this work we have taken

the foll owi ng featurcs to be indications of the presence of petrol eum

1. The presence of phytane at concentrations conparable to pristane:
These t WO isoprencid alkanes are typically both present in
petrol eum at simlar concentrations. lowever, among bi osynthetic
hydrocarbons phytane iS very rare while pristane is often a

maj or constituent.

2, The presence of a honol ogous series of n-alkanes W thout a
marked odd, even predomi nance: Such a series is found in nost
petrol euns. Organisms, on the other hand, typically synthesize
only one or a few_n-alkanes, nore often with an odd nunber of

carbon atomns.

3. The presence of an unresolved envel ope in the gas chromato-
gram This is characteristic of a mxture with the conplexity
of petroleum The limted nunmber of biosynthetic pathways

typically leads to less conmplex mxtures.

4, The presence of aromatic compounds as determined by MASS spec-
trometry: This is not equivalent to the presence of peaks in
the gas chromatogram of “fraction 2“ (sonetines called the
“aromatic fraction”), because many biogenically produced

olefins al so appear in this fraction.

Because of the variability of indigenous hydrocarbons and of the

hydr ocarbon conposition of ‘petroleums from gli ff(%rent sources,none
AR
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of the criteria above are fool proof. However, when carefully used
together , they provide a reliable guide fOr recognizing materials

in which more than half of the hydrocarbons are of petroleum origin.

I2or this project, 22 analyses of tissue from9 species of narine
biota have been performed (Table 10). In several cases replicate
anal yses have been made to provide an indication of variability, in
other cases different tissues from an individual have been anal yzed
separately. The gas chromatograms of these materials are repro-

duced in Appendix 2. The legs of Chionoecetes bairdi and C opilio

(both conmonly known as snow crab or tanner crab) showed quite |ow
hydrocarbon concentrations in fraction 2. Body soft parts of C_
opilio consistently contained pristane as a mgjor peak in fraction

1. Flesh and skin of three individuals of Lepidopsetta bilineata

(rock sole) were analyzed separately. Al three showed a single
| arge peak at t‘h.e fet ention time of n-octacosane in fraction 2.
Two of the three showed very 1ittle in fraction 1. Sanple NP8
showed a nuch nore conpl ex array“of peaks in fraction 1. This
array is strikingly simlar to that found in npi2, the soft parts

of the shrinp Pandalopsis dispar. It is unclear whether the simlarity

of fraction of NP8 and xP12 is real or an artifact. These sanples
were collected and analyzed separately. The chromatograms Of -the
other two analyses of P. dispar are qualitatively simlar although

the absolute concentration of fraction 2 for NP3 iS considerably

hi gher than for NP9.

ns
O

-16-



The two anal yses of soft parts of Pecten caurinus (scallop) were

qualitatively Simlar. In particular both had a characteristic
hi gh nol ecul ar wei ght group of peaks in fraction 2. Viscera, skin
and flesh, and gills were anal yzed separately for a sanple of

Theragra chaleogramma (pollock). The viscera gave very high con-

centrations and a very conplex pattern, especially in fraction 1.
For all three tissues, pristane iS the major peak in fraction 1,
accounting for roughly three fourths of the total aliphatic hydro-
carbons. For the gills and the flesh and skin the fraction 2's are
qualitatively simlar, but the fraction 2 of the viscera is con-
siderably nore conplex. Shrinps of the species Pandalopsis

boreal is, Spirontocaris synderi, and Pandalus jordani were each

analyzed. Fraction 1's of the latter two species showed |arge

pristane peaks.

Water

Perform ng the task of measuring the concentration of hydrocarbons
in seawater takes one to the limts of present day anal ytica

met hodol ogy.  The accuracy of these nmeasurements is poorly defined
since reliable standards are not available. Precision, especially
between |aboratories, is also questionable. Thus the 18 surface
wat er hydrocarbon val ues reported here (Table 11) are probably best
regarded order-of-mgnitude approximations. Viewed in this way,
the present results can be conpared with our previous results from

the Gulf of Al aska (Shaw, 1975) and With results from other parts

of the world ocean.

no
}.-.a
| S

-17-



A conpilation of reported values of hydrocarbons in seawater has
recently appeared (National Acadeny of Sciences 1975 p. 56). Con-
centrations (pg/liter) range froma high of 1,000 for a sanple of
Baltic surface water to a low of <<l for 2,000 neter deep water

near Bernuda. Values within an order of magnitude of 1 ug/liter
have been found by several workers for water from locations expected
to be free of pollution. The values reported in Table 11 are also
generally within this range. Table 11 also indicates that several
sanpl es were |ost to |aboratory contam nation subsequent to collect-
ion. We now believe that we have identified and renoved these
sources of contamnation. But we also now believe that sone of the
hi gher values reported in our previous report (Shaw, 1975) are due
to contam nation. The data records transmtted to the National

Cceanographic Data Center contain the appropriate corrections.

Tar

The occurrence of pelagic tar in various parts of the world ocean
Is a well-documented fact that has been the subject of recent
reviews (National Acadeny of Sciences 1975 and Butler, Mrris and
Sass 1973). Evidence that the tar's origin is associated wth
petrol eum transport includes the findings that its spatial dis-
tribution corresponds to major tanker routes and the chemi cal
simlarity of the tar to material in tank washings of oil tankers
(Butler, Mrris and Sass 1973). Further evidence of this associ-
ation 1S the elevated iron content of pelagic tar which indicates
contact with steel structures (Attaway, unpublished, cited in

National Acadeny of Sciences 1975 p. 49). 510
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Most measurenments of pelagic tar have been made in areas where high
concentrations are to be expected such as the north Atlantic and
the Mediterranean Sea. Measurenents made in nore renote areas such
as the southwest Pacific show significantly |ower concentrate.ons
(Wong unpublished, cited in National Acadeny of Sciences 1975 p.

53). The tar neasurenents reported here are froma region, the
Qul f of Alaska and the Bering Sea, which mght a priori be expected
to be relatively free of this material. Sonme coastal oil seeps are
known in the Gulf of Al aska and crude oil moved through the area
fromfields in Cook Inlet to Japan and the west coast of the United
States. But these crude oil inputs seem to be mnor conpared to

gl obal levels. There is no history of tar being washed up on Qulf
of Al aska beaches as there is for instance in sone parts of southern
California. The total production of oil fields in the Cook Inlet
area was about 62 mllion barrels (9.9 x 1O6m3) in 1974, (Inter-
national Petroleum Encyclopedia 1975). Only part of this was
shipped by sea. Neither the Gulf of Alaska nor the Bering Sea is

an area of heavy shipping.

These expectations of |ow tar abundance were confirnmed by the
results of this project. The arithmetic nmean abundance for the 51
tows made during this project is 6.6 X 10—4mg/m2. This is |ower
than any nean value reported by the National Acadeny of Sciences
(1975). The only conparable value is <0.01 mg/m“qfor the sout hwest
Pacific. Mean values for various parts of the north Atlantic, the
Medi terranean-, and the Kuroshio Current systemin the Pacific fall

in the range 0.1 to 10 mg/mz. Wong, Green and Cretney (1974) have

2123
-19-



reported tar concentrations in the north Pacific. These workers
found 3.8 mg/m2 in the west, 0.4 mg/m2 in the east along 35°N and

a conpl ete absence of tar along 125°W.

If the results of tar collections made during the previous year of
this study (Shaw 1975) are included, the grand arithnmetic mean tar
abundance for the Gulf of A aska and Bering Sea in the period

Cct ober 1974 to Cctober 1975 is 3.3 X 10'3 mg/mz. ‘ Even this latter

value is low by global standards.

Gas chromatograms Of three tar lunps collected over the two-year
course of this project are reproduced in Figure 2. Chromatogram

A has the appearance of a relatively fresh crude or fuel il. It
was collected at EBBS 12 and was a sticky, sem-solid materi al
which flowed on standing in a vial. Identified n-alkane peaks
extend from heptadecane t0 dotriacontane. The value of Nl/2 for this
tar is 18.5. Nl/z, the equivalent normal paraffin carbon number
having a retention index equal to that at which the unresolved
envel ope reaches half its maxinumheight, is an indication of the
extent of weathering of a tar lunp (Butler and Harris 1975 and
references therein). Tar lunps fromthe north Atlantic analyzed by
Butler and Harris showed N1€ values in the range 15-20. Tars represented
by chromatograms B and each C have an N.% of 24 which is indicative
of nmore highly weathered oils. The tar of chromatogram B was
collected at GASS 30 a near shore station off Icy Bay, an area
where several coastal oil seeps have been observed. The tar of

chromatogram C came from GASS 48 a station at the edge of the

continental shelf.

214

-20-



VIII.

These two lumps Were physically quite different from that shown in
chromatogram A, being nore solid and less sticky. The biomodal
distribution of chromatogram B is typical material discharged by
oil tankers in their tank washing procedures, but would be highly
unusual in a crude oil. Thus, al though this tar was collected

adj acent to a natural oil seep area, it probably did not cone from
a seep.  Chromatogram C shows a highly weathered naterial as
evidenced by its Nl/2 value and by the al most conplete lack of nornal

alkanes.

Suspended Sedi ments

The results of the grain size analysis as shown in Figure 1 in-
dicate that for each sanple 96% of the material is smaller than
22.1im (5.5%). CR2 is a bit finer than CRL with nedian grain sizes
of 3.5um (8.15¢) and 4.8pm (7.7$). Wth this basic character-

I zation of the suspended sedinents now conplete, the adsorption
experiments described in Section V are beginning. A mneral ogical

characterization is also planned.

Conclusions

Qur general conclusion is that the Gulf of Alaska and the Bering
Sea appear to have hydrocarbon levels as |ow or |ower than other
areas of the world ocean free of obvious petrol eum contamination.

This is evidenced by the hydrocarbon concentrations in the surface

~ .
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water I N the low parts per billion range; by hydrocarbon cen-
centrations iit the biota in the low parts per million range; by the
absence of indications of petroleum in the gas chromatograms Of
biota; and by the ext’lemely | Ow abundance of floating tar in these

waters.

In eval uating our analyses of surface water for hydrocarbons, we
concl ude that these measurements are of insufficient precision to
allow correlation of the values obtained with other environmental
variabl es such as water mass novements or biol ogical processes.

These neasurements can best be regarded as in aggregate giving a
semi-quantative estimate of the average hydrocarbon concentration

in the GQulf of Al aska.

From our survey of hydrocarbons in subtidal biota we find that
several of the species exam ned have quite low concentrations of
biogenic hydrocarbons. Since sensitive biological nonitoring
materials are ones wWith low natural hydrocarbon ievels but which
can be expected to rapidly take up petrol eum hydrocarbons several
of the materials analyzed show nonitoring potential. Thus, polliock
gills, crab body soft parts and shrinp soft parts atre probably
worthy of further study. However, pollock Vviscera (high natural
hydr ocarbons) and crab legs (probable Sl ow uptake) appear to be

| ess val uabl e as indi cator materials.
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From the chromatographic anal yses we concl ude that the pelagic tar
of the Qulf of Alaska is nmore highly weathered than tar from the
north Atlantic. The chrematographic evi dence al so indicates that
this tar's origin was probably tank washings rather than an oil

seep.

As yet we have no direct know edge of the processes by which added

hydrocarbons woul d be dispersed and degraded in the Gulf of Al aska

Recommendations for Further Study

Both basel i ne measurenents and process related studies of hydro-
carbons in the Al askan OCS environnent need to be continued.

Consi derabl e effort has already been put into the making of base-
line measurenments in the Qulf of Alaska, but this work has barely
begun in the Bering Sea and has yet to begin in other areas. Work
on the process by which petroleum interacts with suspended sedi-
ments i s beginning and studies of biological processes are underway
in other |aboratories. But only when considerably more data is in
hand about anbi ent hydrocarbon concentrations and about the pro-
cesses by which added hydrocarbons are degraded and di spersed, can
be predictive ability be developed to forecast the fate and effect

of added oil with any certainty.

Enphasis in water analysis should shift from quarterly measurenents
in the Gulf of Alaska to less frequent neasurenments over a w der
geographical area. Quarterly measurenents were introduced in the

c =
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hope of obtaining correlation with other environnental paraneters
But, since the lack of precision of the results of these water
measurements has nade such correlations inpossible, |ess frequent

sanpling shoul d be adequate to establish average concentrations.

Anal ysis of biota should continue and be expanded both geographi-~

cally and to include intertidal as well as subtidal organisms.

The collection of floating tar also should be continued. This
activity is much | ess expensive on a per sanple basis than the
sophi sticated anal yses that are being used for water and biota.
Thus tar abundance provides a very econom cal indicator of petroleum

bur den.

In the Bering Sea and particularly in the Gulf of Al aska our off-
shore basel ine measurenments of hydrocarbons have proceeded at a
nuch faster rate than work in coastal and estuarine environnents
These |atter areas need greater enphasis since they probably show
greater natural diversity and coul d be nore severly affected by

petrol eum

Consi derably nore effort needs to be directed to process studies.
These studies provide the link between our know edge of the present

environmental conditions and our. ability to predict changes.
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X. Activity Summary for the Quarter Ending 31 March 1976

A Field Activities

Sanpl es of seston and surface water were collected on a
cruise of the n/V_Mauna Wave, 21 February to 5 March.  Twelve
seston and twenty-four surface water sanples were collected
fromstations of the standard hydrographic grid in the north-

east @Qulf of Al aska.

B. Laboratory Activities

1. Analysis of biota, water and seston are all presently
proceeding at rates nore than adequate to reach the goal s
set in our work statement.

2. Qur investigation of hydrocarbon sediment interactions is
proceeding as described in the main body of this report.

3. The GC-MS-data system has been installed and i s now semi-
oper ati onal

4, Qur use of self-made glass capillary colums for G C is

now in the experinental stage

95 219
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Figure 2.

(Gas chromatograms of hexane extracts of tar |unps.
A - tar collected at EBBS 12, N, = 18.5; B - tar

col lected as GASS 30, N = 24; ¢ - tar collected
at GASS 48, N, = 24. 2
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GASS

STATI ON LOCATI ONS OF HYDROCARBON SURFACE WATER SAMPLI NG
USNS SILAS DENT

St at <on

01

06
69
24
29
37
39
41
47
50
52
53
107
115
121
125
135
141
147
153
156
160
164

TABLE 1

8/3/75 -
Dat a

9/ 14

9/1'3
9/12
9/2
9/1
9/5
9/5
9/ 4
97
97
9/8
9/8
9/19
9/19
9/21
9/21
9/ 23
9/ 22
9/ 24
9/ 24
9/ 26

9/ 14/ 75

Taken

-20-

Position

Latitude (N) pofgitude-(w)

59°

59°
58°
58°
59°
59°
59°
59°
59°
59°
60°
60°
58°
57°
56°
55°
55°
54°
54°
53°
54°

50. 2’

07.2'
41. 1
54.3
34.6'
16.2'
35. 7
55. 1’
17.%
47. 7
07.6
23.0’
18.6’
20. 6’
43.2'
58. 9’
20.3
19.2°
36.2'
37.0°
29.2
43.3
08.7

149°

148°

148°

141°
140°
142°
142°
142°
145°
145°
145°
146°
150°
148°
155°
154°
158°
157°
161°
160°
165°
164°
163°

30.5°

47. 5’
21. 6’
00.5’
06. 0’
59.2’
49. 5’
39. 5
13.0°
09.0°
06.5'
54. 0’
28.0’
38.7°
21.9
28. 5’
25."1
25.2
00.7
09.9'
11. 2
25.6'

52.0’



GAS S

STATION LOCATIONS OF HYDROCARRON SURFACE WATER SAMULIRG
USNOSS  SURVEYOR
10/28/75 - 11/17/75

Station

g1
96
15
23
29
30
32
34
47
51
53
101
107
115
125
135
153
156
160
164

TABLE 2

Data Takeno

11/ 3175
11/3/ 75
1172175
11/ 2/ 75
11/1/'75
11/1/'75
11/1/'75
11/1/'75
10/ 31/ 75
10/ 30/ 75
10/ 30/ 75
11/ 5175
11/ 5175
11/. 4175
11/ 6/ 75
11/10/ 75
11711/ 75
11712/ 75
11/12/ 65
11/13/ 75

-30-

Latitude

59°
59°

58°

50. 2’
07.2
18.17
46. 1
34.6
44. 1
26,3
08.5
17,%
57.6’
23.0’
19.8'
18. 6’
20. 6’
58.9’
20. 3’
37.0°
29.2
43.3
0s.7

RN

Position
Longitude
194°  30.5'
148°  47.5
145°  00.5
141° 11,3
140°  06.0'
141°  36.8'
141° 54,8
142°  03.8"
145°  13.0
145°  07.8
146°  54.0
152°  24.1
150°  28.0
148°  38.7
154° 285’
158°  25.1'
160°  09.9'
165°  11.3
164°  25.6’
163°  52.0'



TABLE 3
STATTON LOCATIONS OF BYDROCAREON SURFACE WATLR SAMPLING

R/V MOANA WAVE 2/21/76 - 3/5/76

STATION DATE POSITLOXN
LATI TUDE _ LONGITUDE
GASS @1 2/21/76 59° 50.2' 149°  30.5
92 2/21/76 59° 41,5 149°  22.0'
B3 2/21/76 59°  33.0 149° 132’
B4 2121/ 76 59° 24.5 149°  04.9'
05 2122176 59°  16.0’ 148°  56.0’
06 2122176 59°  07.2' 148°  47.5
37 2122176 58° 58.7 148° 38,7
08 2122176 58°49. 7’ 148°  30.0’
#9 2123/ 76 58° 411 148° 21,6’
10 2/23/76 58°  32.3 148°  13.2
11 21241 76 58°  23.2 148°  04.8
15 2/24/76 58°  18.1' 145°  00.5’
24 2/ 25/ 76 58° 54.3 141°  00.5
29 2/ 26/ 76 59°  34.6’ 140°  06.0
37 21271 76 59°  16.2’ 142°  59.2'
39 21271 76 59° 357 142° 49,5’
41 2127176 59° 55.1’ 142°  39.5'
47 2129/ 76 59° 17.5' 145°  13.0'
50 2/27/76 59°  47.7 145° 09,0’
52 2128/ 76 60° 07.6 145°  06.5'
53 2129/ 76 60° 23.0' 146° 54,0’
57 2129/ 76 59°  45.6' 1465 310’
58 2199/ 76 59°  36.2 146°  25.5°
75 2129/ 76 59°  07.6' 145° 53.4'
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GASS

SESTON COLLECTI ONS FOR FLOATING TAR MADE DURING A CRUI SE 0F

Station

g1
@6
#8
24
29
37
39
41
47
52
53

TABLE 4

USNS S| LAS BENT
9/1/75 - 9/14/75

Date Taken

9/ 14/ 75
9/ 12/ 75
9/9/75
9/ 2175
9/1/75
9/ 5/ 75
9/ 5/ 75
9/ 4175
9/ 7175
9/ 8/ 75
9/ 8/ 75

-32-

Latitude

59°
59°
59°
58°
59°
59°
59°
59°
59°
60°
60°

50.2°
07.2
49. 7
54.3'
34.6'
16.2'
35.7°
“55,1
17.5'
07.6'
23.0’

Position

Longi t ude

194°
148°
148°
141°
140°
142°
142°
142°
145°
145°

146°

30.5
47. 5’
30.0°
00.5'
06.0'
59. 2
49.%
39.5
13.0°
06.5'
54. 0’

A



TABLE 5

SESTON COLLECTIONS FPOR FLOATING TAR MADE DURI NG A CRUISE OF

RV AcoxNa
10/ 8/ 75
Station Dat e Taken_ Posi tion
Latitude Longi t ude
CR 1 10/ 8/ 75 60° 11. 0'N 145° 10.0'W
CR 2 10/ 8/ 75 60° 14.9'N 145° 34.0'1'?
R0
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TABLLE 6

SESTON COLLECTI ONS FOR FLOATING TAR MADE DURING A CRUI SE OF

Station

103
119
120
121
122
124
133
134
135
137
145
146
147
148
156
158
159
160

UsNoss DI SCOVERER
10/ 10/ 75 — 10/ 14/ 75

Date Taken

10/ 15/ 75
10/ 14/ 75
10/ 13/ 75
10/ 13/ 75
10/ 13/ 75
10/ 13/ 75
10/ 12/ 75
10/ 12/ 75
10/ 12/ 75
10/ 12/ 75
10/11./75
10/ 11/ 75
10/ 11/ 75
10/ 11/ 75
10/ 10/ 75
10/ 10/ 75
10/ 10/ 75
10/ 10/ 75

- 34"

Position

Latitude Longi t ude

59° 00.0° 151°  45.71
57°  06.9 156° 00.0°
56° 55.0° 155°  44. 7
56° 43.2 155°  27.9
56° 31.3 155°  12.0
56° 07.0 154°  39.4
55°  46.3 158° 51.0°
55° 33.4 158° 38.3
55° 20.3 158° 25.1
54° 54.3 157°  59.0’
55° 00.9 161° 20.5
54° 494 161° 12.%
54°  36.2 161°  00.7
54° 23.% 160° 49.71
54° 29.2 165° 11.%
54° 04.% 164°  46.2
53° 51.9 164°  34.0°
53° 43.3 164° 25.6
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TABLE 7

SESTON COLLECTI ONS FOR FLOATI NG TAR MADE DURING A CRU SE or
USNOSS DISCOVERER
9/ 14/75 - 9/28/75

Station Date Taken _ Position
- - . Latitude™ ¥ Longitude
FBS g8 9/19/ 75 58° 17’ 159° 32’
12 9/ 22/ 75 56° 09’ 162° 09’
17 9/ 28/ 75 55° 26" 165° 50’
19 9/ 23/ 75 56° 40’ 163° 57’
24 9/18/ 75 58° 46’ 162° 29’
28 9/241 75 57° 10’ 165° 04’
35 9/ 14/ 75 56° 13’ 168° 20’
37 9/ 26/ 75 57° 06’ 167° 01’
38 9/ 24/ 75 57° 40’ 166° 06’
40 9/17/75 58° 08’ 165° 16’
41 9/17/ 75 58° 47’ 164° 15’
43 9/ 17/ 75 58° 42’ 166° 17
46 9/ 25/ 75 57° 35’ 168° 04’
48 9/ 14/ 75 56° 19’ 169° 42’
51 9/ 14/ 75 55° 49’ 170° 47
54 9/ 15/ 75 56° 56’ 170° 56’
56 9/ 15/ 75 58° 06’ 169° 05’
59 9/ 16/ 75 59° 12’ 167° 18’
65 9/ 15/ 75 57° 25’ 172° 05’
66 9/ 15/ 75 56° 45’ 173° 12’
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Sanpl e #

N

L
2,

3.

10.
11,
12,
13.
14.
15.

BI OLOG CAL MATERI ALS COLLECTED FOR HYDROCARBON ANALYSIS DURI NG A cRUISE OF
MV NORTH PACI FI C

Speci es

'Pandalus j or dani

Chioncecetes bairdi

Pandalopsis di spar

Pecten caurinus

Chionoecetes bai rdi

Pecten caurinus

Chionoecetes bai rdi

Lepi dopsetta bilineata

Pandalopsis di spar

Chi onoecetes baird

Crangonid SPp.

Pandalopis dispar

Spirontocaris snyderi

Pect en caurinus

Lepidopsetta bilineata

N59
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°

TABLE 8

6/26/75 - 7/15/75
Location

25" Wi41® 45 - N59° 28
22" w141° 40" - N59° 23’
16" wi141° 120 - N59° 13
39' wWi140° 46’ - N59° 39’
39" wi40° 36' - N59° 39’
39" w140° 36" - N59° 39’
39" wis0° 36’ - N59° 39’
39" w140° 36" - N59° 39’
32" wi140° 44’ - N59Q° 34’
32" wi140° 44’ - N59° 34’
40" w141° 00" - N59° 43
33 wi41° 01 - N59° 35
300 wi41° 03" - NB9° 32’
43 w141° 32" - N59° 45’
43" wi41° 32' - NB9° 45’

wi141° 47

wi41° 45
w141° 12°

wis0® 52’

"w140° 31’

w140° 31’
w140° 31°
w140° 31’
w140° 49’
w140° 49’
w141° 05’
w140° 55’
w140° 58’
w141° 37

wiz1° 37

:

176 n
182 m
295 m
73 in
73 m
73 m
73 m
73 m
270 m
270 m
47 m
209 m
254 m
74 m
74 m

Date
6/ 27/ 75
6/ 27/ 75
6/ 28/ 75
6/ 30/ 75
7121 75

712175
712175
712175
714/ 75
714175
7/5/75
715/ 75
715/ 75
71-6 175

716175



...Lg—

o

et

Sample #
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
21.
28.

Speci es

Chionoecetes bairdi

Lepi dopsetta bilineata

Chionoecetes bai rdi

Pandalopsis borealis

Chionoecetes bairdi

Pandal opi s dispar

Pandalopsis borealis

Pandalopis borealis

Lepi dopsetta bilineata

Lepi dopsetta bilineata

Lepidopsetta bilineata

Pandalopsis hypsi not us

Pandalopsis di spar

N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°
N59°

44
44
28’
37
37
37
43
43’
52’
52’
52’
45’
42’

Location
W141° 14 - N59° 45’
w141° 14" - n59° 45’
wi41° 33 - N69° 28
wi41° 35° - N59° 35’
w141° 35 - N59° 35
wi42® 01’ - N59° 34’
W142° 04" - NB9° 41
wi42® 04’ - N59° 41’
wis1® 58" - N59Q° 52’
wi41° 58' - N59° 52
wi41° 58 - N59° 52’
wi43° 03’ - N59° 43
wi43® 28" - N59° 40’

wi41° 20

wi41®
w141°
wi41°
wi41°
wia1®
w141°
Wi41°
w141°
w141°
w141°
wia3°®

w143°

20°
27
29’
29’
58’
59’
59’
05’
05’
05’
03’
23’

Dept h

55 m
55 m
160 m
120 m
120 m
165 m
152 m

152 m

68 m
68 m
167 m
298 m

Dat e

716/ 75
716/ 75
7/8/75
718175
718175
719175
7/9775
719175
7110/ 75
7110/ 75
7110/ 75
7112175
7113/ 75



Sample #

o
9

1
2.

10.
11.
12.
13.
14.
15.

TABLE 9

Bl OLOG CAL MATERI ALS COLLECTED FOR HYDROCARBON ANALYSI'S DURING A CRUI SE OF

Speci es

Chionoecetes opilio

Theragra chalcogramma

Theragra chalcogramma

Chionoecetes opilio

Chi onoecet es opilio

Chi onoecet es opilio

Chionoecetes opilio

Chi onoecet es opilio

Chionoecetes opilio

Chionoecetes opilio

Theragra chalcogramma

Chi onoecet es opilio

Chionocecetes opilio

Theragra chalcogramma

Theragra chalcogramma

N57° 00’
No7° 00
N57° 01.0
N57° 01.0°
No7* 19.5
N57° 40. 4

© 18.8"

N58
N59° 39. 6’
N59° 20. 0’
N59* 59. 7’
N60° 21.1’
N60° 21.1’
n60° 20. 0’
N59° 59. 8’

N59° 40. 8’

FR/V

M LLER FREEMEN

8/17/75 - 10/ 24/ 75

Location

wi67° 02. 9’
w167° 02. 9’
W167° 36. 3’
w167° 36.3’
w168° 53. 0’

w169° 35.1’

w179° 20.5’

w170° 59.0°
wi71% 46. 8’
w171° 56. 1’
w170° 40.0’

w170° 40.0’

w170° 01.5'

W169° 15.2’

w169° 16.0'

N47° 58.0' wig7° 05.2'

N47° 58.0° wi67° 05.2

- N57° 02.0' wie7° 41.5

N57° 02.0" wie7° 41.5’
N57° 20.0" wi168° 57.2’
N57° 42.2" W169° 34.8!
N58° 20.1' wi70° 18.0’
N58° 42.0" wi171° 02.8
N59° 19.9" w171° 50.5’
N60° 0.2 w171° 56. 1’
N60° 19.6' wi170° 39.8’
N60° 19.6' w170° 39.8’
N60° 20.9' W169° 59. 0’
N60° 00.8 wW169° 19.0'

N59° 40.1' wi69° 12. 4’

65
61
61
50
44
46

3 3 3 3

Date

8/18/75
8/18/75
8/18/75
8/1.8/75
8/ 19/ 75
8/ 19/ 75
8/ 20/ 75
8/ 20/ 75
8/ 20/ 75
8/ 21/ 75
8/ 22/ 75
8/ 22/ 75
8/ 22/ 75
8/23/75

8/ 24/ 75
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Sanpl e # Speci es Location Dept h Date
16. Theragra chalcogramma  §59° 40.1' wie8® 38.2' - N59° 40.0' wi6s® 34.0’ 36.4 m 8/ 24/ 75
17.  Theragra chalcogramma N59° 40.2' wW169° 59.1' - N69° 40.0° w167° 55.1' 34.7 m 8/24775
18. Theragra chalcogramma  N59° 40.0' wi67° 19.9' - N59° 39.8' w167° 16.3’ 32 m 8/ 24/ 75
19.  Chi onoecetes opilio N57° 20.0' wi66® 28.9° - N57° 18.4'" wis6® 27.1 71 m 10/ 3/ 75
20. Theragra -chalcogramma  N57° 20.0' Wie6° 28.9° - N57° 18.4" w166° 27.1’ 71 m 10/ 3/ 75
21. Theragra chalcogramma  N66° 39.0' Wi65° 48.0' - N66° 37.7' Wi165° 48.8’ 73 m 10/ 3/ 75
22.  Chionoecetes opilio N56° 39.0' w165° 48.0" - N56° 37.7' wi6s® 48.8 73 m 10/ 3/ 75
23.  Chionoecetes opilio ¥57° 40.3" w163° 59.0° - N57° 39.2" W163° 56’ 52 m 10/ 4/ 75
24, Theragra chalcogramma N57° 20.2" w163® 23.3° - N67° 19.0' w163° 22.1’ 54 m 10/ 3/ 75
25. Chionoecetes opilio N57° 20.2" wi163° 23.3° - N57° 19.0' wi163° 22.1’ 54 m 10/ 3/ 75
26. Theragra chalcogramma  N57° 39.4' W60° 56.0' - N57° 40.7 wl160° 53.1’ 56.4 m 10/5/75
27.  Chi onoecetes opilio N57° 39.4" wi160° 56.0' - N57° 40.7" w160° 53.1’ 56.4 m 10/ 5/ 75
28. Theragra chalcogramma N57° 59.2" wle0® 15.2' - N58° 00.5 wi60° 12.5’ 53 m 10/ 5/75
29.  Chi onoecetes opilio N57° 59.9" wi62° 09.7° - N58° 00.5 w162° 07.0’ 38.2 m 10/ 7/ 75
30. Theragra chalcogramma  N58° 14.7' w162° 03.2' - N58° 13.3 wi162° 05.7 46.6 m 10/ 7/ 75
31. Theragra chalcogramma  N58° 40.8' wi167° 12.1° - N68° 39.5 w167° 10.7’ 45 m 10/ 13/ 75
32.  Chionoecetes opilio N58° 00.0' wi67° 08.1' - N57° 58.4" wi67° 05.9’ 66 m 10/ 13/ 75
33. Chionoecetes opilio N58° 38.8' wl66° 34.2' - N58° 37.0' wiee® 34.9 44 m 10/ 14/ 75

34, Theragra chalcogramma N58° 20.8 wie6® 32.8 - N58° 18.9 wWie6° 32.6’ 47.3 m 10/ 14/ 75
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TABLE 10

HYDROCARBON CONCENTRATI ONS | N BIotA OF THE GULF OF ALASKA AND BERING SEA

Sanpl e Speci es Hydrocarbon Concentration ug/g
Fraction 1 Fraction 2

NP 2 Chionoecetes bairdi |egs .23 9.8

NP 5 Chionoecetes bairdi |egs .03 .33

NP 7 Chionoecetes bhairdi |egs .09 1.3

NP 10 Chionoecetes bairdi | egs .08 4.2

MF7 Chionoecetes opilio (M body soft parts 1.2 14,

MF7 Chionoecetes opilio (F) body 'soft parts 6.7 18.

MF 12 Chionoecetes opilio | egs 27 3.6

M 22 Chi onoecetes opilio (F) body soft parts 21 20.

NP 8 Lepidopsetta bilineata flesh & skin 15. 5.6

NP 15 Lepidopsetta bilineata flesh & skin 06 3.1

NP 17 Lepidopsetta bilineata flesh & skin .91 _—

NP 3 Pandalopsis di spar soft parts J11 8.6

NP 9 Pandalopsis di spar soft parts 21 1.6

NP 12 Pandalopsis dispar soft parts 15. 3.6

NP 6 Pecten caurinus Soft parts 1.2 7.6

NP 14 Pecten caurinus Soft parts 72 15.
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TABLE 10 (continued)

Sanpl e Speci es Hydrocarbon Concentration ug/g
Fraction 1 Fraction 2

NP 3 Theragra chaleogramma Vi SCera 170. 25.

NP 3 Theragra chaleogramma fl esh & shin 2.9 6.9

NP 3 Theragra chaleogramma gills 6.4 15.

NP 19 Pandalopsis borealis soft parts 1.2 9.5

NP 13 Spirontocaris snyderi soft parts 15. 4.7

NP 1 Pandalus | ordani soft parts 3.7 13.

Blank#* 11-17-75 0.04 0.15

Bl ank 1-12-76 0.04 0. 37

Bl ank 2-9-76 0.06 0.07

Bl ank 2-11-76 0. 02 0.04

*Blank Concentrations are calculated on the basis of

50.0g wet sample weight.
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TABLE 11

HYDROCARBON CONCENTRATI ONS | N WATER FROM THE GULF OF ALASKA AND BERING SEA

Date ug/Kg ug/Kg Date vg/Kg ug/Kg
@S S Fraction 1 Fraction 2 Fraction 1 Fraction 2

g1 9/ 14 ND ND 11/3 C C

pe 9/ 13 C c 11/3 C c

09 9/12 C c

15 11/2 0. 32 0. 87
23 /2 ND ND

24 9/2 C c

29 9/1 ND 0.86 11/1 C c

30 11/1 c c

32 11/1 c c
34 11/1 c c

37 9/5 ND 1.16

39 9/5 C c

41 9/ 4 c c

47 9/ 7 ND 4.25 10/ 31 0.04 0.45
50 9/ 7 ND <7.0

51 10/ 30 0.57 2.45
52 9/8 C c
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TABLE 11 (conti nued)

Dat e ug/Kg ug/Kg Dat ug/Xg ug/Kg
GAS S Fraction 1 Fraction 2 Fraction 1 Fraction 2
53 9/8 ND ND 10/ 30 0. 46 0.33
101 11/ 4 c c
107 9/19 #(<10) **(<5) 11/5 c c
115 9/19 *(<10) %k (<5) 11/ 4 c c
121 9/21 c c
125 9/21 ND 1.82 11/ 6 c c
135 9/ 23 1.12 2.49 11/ 10 3.2 9.3
141 9/ 22 ND 1.77
147 9/ 24 *(<10) **(<5)
153 9/ 24 c c
156 9/ 26 c c 11/12 0.79 0.88
160 9/ 26 *(<10) **(<5) 11/12 0.27 ND
164 9/ 25 c c 11/ 12 0.93 5.0
ug/Kg -- ug of sample detected per Kg surface water extracted
ND -- None detectable
c -~ Cont ani nati on
< == Less than
* Large unresol ved envel ope with high shifting bleed |ine

k% -~ Peaks have poor resolution



TABLE 12

FLOATI NG TAR COLLECTED I N THE GULT OF ALASKA AND BERING SEA

Station Dat e Tar (mg)

GASS 121 10/ 13/ 75 9.1

GASS 124 10/ 13/ 75 9.2

EBBS 12 9/22/75 6.7
238
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APPENDI X 1

COVPARI SON OF BI OLOG CAL  METHODS

Introduction

Before carrying out analyses of biological materials for hydrocarbons we
made a conparative study of several techniques for this analysis. W
conmpared the efficiency of Soxhlet extraction followed by saponification
with extraction by alkaline digestion (direct saponification). For the
| atter extraction procedure, we conpared the effectiveness of 2 hour and
24 hour reaction times. Each of the procedures was performed on approxi-

mately 60 g of soft parts of Saxidonmus gigantea (Butter clam) and repeated

with asimlar weight of tissue spiked with a mxture of aliphatic and
aromatic hydrocarbons (Appendix - Table 1). Each of the extracts was
split and subjected to colum chronatography on al umna packed over

silica using both fully activated and partially deactivated surbents.

This experimental scheme is shown in Appendix - Table 2.

Met hods

For each analysis, approximtely 60 gmof tissue (3 clams) was cut into
smal | pieces and macerated in 100 m nmethanol with a virtis honogeni zer.
Bef ore Soxhlet extraction of a sanple, Whatman cellul ose thinbles were
extracted for 24 hours with 300 m 1:1 methanol:benzene. This sol vent
was discarded and replaced with fresh solvent. After another 24 hour

extraction, the solvent was concentrated on a rotary evaporator to |ess

239
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than 1.0 ml. This concentrate was checked by gas chromatography (G
¢.). The macerated samples were added to the clean extraction thinbles
with 50 m methanol and 1.50 m benzene (total sol vent volune 300 ml).

The Soxhlet extractiocn wasS run for 48 hours.

Either directly after maceration, Or after Soxhlet extraction, 100 ml

IN KoH in nethanol and 50 m 0 vere added for saponification which was
run for either two or twenty-four hours, after reflux was attained.

After cooling, the pH of the saponified sanple was checked to be sure it
was greater than 10 (it was 12 in all sanples). In other sanples run by
this procedure, the Soxhlet extract has been concentrated to approximately
100 n} before saponification. An oily residue formed when the S.

gigantea sanples were concentrated, so ‘nearly the entire 300 ml was

saponi fied.

After saponification the sanples were extracted three times with 100 m
hexane. The combined hexane extracts were washed with 150 =1 saturated
aqueous NaCl., The hexane extract was dried overnight with Na,S0, . The
hexane extract was then concentrated to 10 m. A 100 ul aliquot WAs air
dried and wei ghed on an electrobalance to determ ne total weight of non-

saponifiable |ipid.

Col ums of 10 ni A1,0, packed over 20 mM Si0,(10 gm:10 gm) were used”.
The colum dinmensions were 11 mm x 35 cm  The alumna and silica were
prepared according “to Barrington, et al. , (1972) for partially deacti-
vated sorbents. For fully active coluymns the deactivation step was

omitted. An adsorbent to lipid ratio of approxinmately 1000:1 was

240



used. FOr these sampl es that was 20% of each sanple. The final volume

of sanples charged to the colum was adjusted to | eSs than 1.0 ml. . A 40

M hexane eluation volume and a 40 w1l benzene elution volume were collected
(four pore volumes of each solvent). The eluates were concentrated to

approximately 1.0 ml _ and the vol une precisely measured.

A Hewlett Packard model 5710A with flane ionization detector was used
for G C analysis. The columns were 1/8"x12' stainless steel packed
W th 3%0V 101 on Chromosorb W 100-120 Aw-DMCS. The tenperature program
was 80° to 280° at 8° per mnute. The carrier gas was Heliumat 50 m

per mnute.
Mass spectral anal yses of several of the extracts were performed with a
Hew ett Packard model 5930/ 5933 gas chromatograph-mass Spectroneter-data

system

Results and Discussion

From these experinments we have obtained information about the efficiency
of the various procedures, about the conpleteness with which esters are
removed by 2 hour and 24 hour saponification, about the separation
characteristics of fully activated and partially deactivated colum
sorbents, about the extent of contam nation introduced by the various

procedures and about the relative convenience of performng the procedures.

The percentage recovery of hydrocarbons added to sanples of clam meats

I's shown in Appendix - Table 3. These spiked sanples were subject to
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the conplete anal ytical procedures and the recoveries determ ned by
measuring peak heights in the resulting gas chromatograms. The I€COVeries
of the added aromatic hydrocarbons could not be determ ned because, even
USi Ng chromatograms Of unspiked Sanples for conparison, the size of the
added peaks was obscured by superposition of peaks fromthe sanple. The
bottomtwo lines of data in Appendix - Table 3 | abel ed “Chromat ography

of Spike Solution” give the recoveries of the spike solution from colum

chromat ography al one

Appendix - Table 3 indicates that simlar recoveries of added alkanes
are obtained by the three extraction nethods. The table also shows that
fully activated colums give slightly better recoveries of both alkanes
and aromatics than do the partially deactivated colums. It is note
worthy that the recoveries of alkames from col umm chronatography al one
are no better than the recoveries fromthe full extraction procedures

W reject the explanation that all other steps of the extractions are
quantitative, instead we suspect that in the presence of clamlipids the

recoveries fromcol um chromatography are higher

Appendi x - Table 3 shows that a total of eight sanmples were subjected to
saponification for tw hours (either directly or follow ng Soxhlet
extraction) . The benzene eluates from colum chronatography of five of

the eight were analysed mass spectrally. O this five, three showed the
presence. of methyl esters. Anong the four sanples subject to saponification

for 24 hours, the benzene eluates of two were given nmass spectral analysis.

4,8~
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Neither show evi dence of esters. The absence of esters has generally
been confirmed in subsequent analyses of extracts that have been saponified

for 24 hours.

Conparison of gas chromatograms Of samples which had been |iquid chromato-
graphed on fully active and partially deactivated colums showed that
several peaks Which appearcd in tile hexane eluate using partially de-
activated col ums appeared conpletely or in part in the benzene eluate

if fully active colums were used. Mass spectral analysis of sone of
these peaks indicated that they were hydrocarbons with 25 to 30 carbon
atons and six to eight units of unsaturation. In one analysis the

dotriacontane Spi ke appeared in the benzene eluate.

Contam nation introduced during analysis was satisfactorially |ow for
all procedures. Blank analyses indicated that background from all
sources was always at concentrations |ess than one percent of the sanple

total hydrocarbon concentrations.

In terms of [aboratory convenience, the procedure of Soxhlet extraction
followed by saponification is inherently slightly inferior to direct
saponi fication since the former requires two separate operations.

However, this consideration is mnor conpared to others.

A mgjor drawback to the Soxhlet extraction procedure is the |engthy
thinble cleaning step. We are aware that sone investigators reduce the

need for this step by re-using thinbles w thout internediate cleaning.

49— 2 /z 'L{



Our limited experience with re-using thinbles has indicated that menory
effects can be a probl em unless only samples OF approximately uniform
hydrocarbon concentration are extracted. The cleaning requires both

time and. solvents. Sinceywe have never found a tots].j.y reliable comercia
supplier of "contamination free' solvents, we re~distill all solvents

and analyse every one gallon batch. Thus, the use of 600 ml of solvents
to clean each thimble requires a significant supporting distillation
effort. The added time of this cleaning further means that the entire

Soxhlet extraction procedure requires at |east one weeli.

Anot her inportant difference between the procedures is the tendency of
extract solutions to forman emul sion when extracted with hexane. By

far the worst enulsions were fornmed when the two hour saponification was
used. These were sonetimes stable for days and drastically increased

the time and effort required for liquid:liquid extraction. The 24 hour
saponi fication and Soxhlet extraction followed by 2 hour saponification
each gave much less troublesone emulsions than the 2 hour saponification.
The Soxhlet extraction was slightly superior to the 24 hour saponification.
Subsequent work has indicated that if the 24 hour saponification is
performed on diced but non-nmacerated tissue, hydrocarbon recovery is not

affected but the enulsion problemis further reduced.

Concl usi ons

We judge that 24 hour saponification and col um chromatograph On parti-

ally deactivated columns constitute the. best procedure tested.

-50-
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Soxhlet extractionfollowed by 2 hour saponifi cation did not conpletely
remove methyl esters and was the wmost laborious technique. Direct 2
hour saponification was also quesiionable in the renoval of esters and
led tO severe emulsion probl ems. The recoveries of hydrocarbons by the
three Was substantially the same. Al though the recoveries fromfully
active colums Were slightly superior to those from partially deactivated
col ums, the latter were selected to avoid the possibility of alkene

isomerization.

The colum chromat ography step was originally designed for use with
sanpl es heavily contam nated with petrol eum and thus having a low
percentage of olefinic materials among their hydrocarbons. \Wen this
step is applied to extracts of unpolluted organisns, considerable

caution is necessary because of the internediate behavior of the olefins.

Won
A
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APPERDIX - TABLE 1

Concentrations of hydrocarbons in hexane Spi ke solution.

COVPOUND CONCENTRACTION Mg /M1
hexadecane 0.046
docontane 0.038
dotriacoritane 0.028
naphthalene 0, 044
anthracene 0.034
chrysene 0.048
perylene 0.042
TOTAL HYDROCARBONS 0.280
_59- 240



APPENDI X - TABLE 2

EXPERIMENTAL SCHEME FOR neol ogi cal METIIODS COMPARISON

Extraction Method Extraction Time Spi ked? Lol um_ Activation

~full

yes-

-2 hours (_
Lpartia
full

no

- partia

Direct Saponification —

full
— yes -—__.{:
I partial
—24 hours .
[- full
no
e partial,
Soxhlet full
Extraction yes —-
[ partial

48 hours

foll owed by ful
2 hour [ no *——~{:
| saponi fication partial

~53— 247
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APPENDI X - TABLE 3

RECOVERY oF ADDED HYDROCARBONS

3vo

Extraction Column! Percent age Recovery

Met hod Type hexadecane docosane  dotriacontane naphthalene anthracene chrysene perylene

2 hour PD 53 55 68 -— —_— - ——

saponi fi cat -

i on FA 213 80 79 —_— — —— —

24 hour PD 72 3100+ 65 — _— —— _—

saponi fi cat -

ion FA 92 81 4120 - — — _—

Soxhlet PD 79 64 69 — — — —
FA 109 104 ‘124 -—= - - =

Chromato-

graphy PD 77 80 81 04 45 40 44

of spike

sol ution FA 93 92 96 26 53 51 63

! FA = fully active, Pp = partially deactivated

2 Sample evaporated to dryness after colum chromatography

2 Peak appears as shoulder, baseline is uncertain

Spi ke peak superinposed on sanple peak, baseline is uncertain



APPENDI X 2

ANNOTATED GAS CHROMATOGRAMS OF BIOTA

The gas chromatograms are in the sane order as the data on Table 10,
Wi th the daily standards at the end. Annotations used on the chromato-
grams al €:
1. The first date in the sanpl e identification i S the date
the sanple was anal yzed by gas chromat ography. The
correspondi ng standard (samM) will have the same date.
2, The sanple is then identified by species - in sone cases
this is by conmon nane, e.g., pollock, instead of 1.

chaleogramma.

3. The reference nunber for the sanple is then given, e.g.,
NP#2 is sanple #2 fromthe North Pacific cruise in the
@l f of Alaska, June 26 to July 15, 1975.

4, If there is a date in the sanple identification, it is
extraction date and is for in-house reference.

5 The liquid colum chromatography elution fraction is
then identified: fraction 1 is hexane, fraction 2
I's benzene.

6. The-volume of sanple injected is always given. For
all of these sanples the volunme is 5 ul.

1. Beside the integrator listing, the corresponding

Blank is identified.
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8. To sinplify calculatj.ens, the printout of data is
al so annotated. Feaks which are not "real" in the
sanpl e are lined out and expl ai ned:

A MeOH: peaks in solvent check of
rrethan;I used

B. S. peaks with result from septum bl eed

C. B (or cont.): peaks in corresponding Bl ank

D. peaks with areas of |less than 100 are
rejected

.E. the last peak in-some runs occurs when the
oven door opens at the end of the program

9. SAM = Standard Al kane Mxture. This is the standard which

is run daily to calculate the response factor (RF) and

nmeasure relative retention times. It is mde up of:
n - tetradecane 0.0140 mg/ml
N — heptadecane 0. 0100 mg/ml
n -~ octadecane 0.0102 mg/ml
n - docosane 0. 0151 mg/ml
n - octacosane 0.0110 mg/ml
n - dotriacontane 0.0140 mg/ml

10. The large peaks in sone of the Blanks are the spike which

IS added at the beginning of the extraction procedure to

calculate recovery rates.

_s6- 250
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0CS COORNIRNATI OW OFFICE
Unjversity of Alaska

ENVIRONNERTAL DATA SUBMLISSION SCHEOULE

DATE : #arch 31, 1876
CONTRACT WUMBEK: 03-5-022-56 T/ O NUMBER: 5 R.U. NUMBER: 275/276/294
PRINCTIPAL INVESTIGATOR: Dr. D. G. Shaw

Submission dates are estimeted only and will be updated, if

necessary, each quarter. Data batches refer to date as ident-
ified in the data nmanagement plan.

Cruise/Field Operation Col I ection Dates Esti mated Submission Dates'
From To Batch 1 2 3

Silas Bent Leg | #811 8/31/75  9/14/75  None 4/ 30/ 76 4/30/76

Di scoverer Leg |11 #810 9/12/75 10/3/75  None None 4/ 30/ 76

Di scoverer Leg IV #812 10/3/75  10/16/75 6/30/76  None 4/ 30/ 76

Surveyor #814 10/ 28/ 75 11/ 17/ 75 None 6/30/76  None

North Pacific 4/25/75  8/7/75 6/30/76  None None

Contract 03-5-022-34 Last Year 4/30/76  4/30/76  4/30/76

Mbana Wave MW 001 2/21/76  3/5/76

Note: 1" pata Minagement plan has been approved and made contractual.
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OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF I'UNDS TXPENDED

DATE : March 31, 1976
CONTRACT NUMBIR: 03--5-022--56
TASK ORDER NUMBER: 5

PRINCIPAL INVESTIGATOR: Dr. David G. Shaw

Period April

Total Budget

Salaries & Wages 105, 577. 00
Staff Benefits 17,948’ 00
Equi pnent 135, 300s00
Travel 6, 004. 00
O her 106, 100. 00
Total Direct 370, 929,00
| ndi rect 60, 391. 00
Task Order Tot al 431,320.00

* Prelimnary cost data,

1, 1975 - tMarch 31, 1976% (1.2 mos)

Expended Remaining
39, 542. 46 66, 034. 54
6.690. 40 11, 257. 60
125,094.91 10, 205. 09
1,702.03 4,301. 97
98,577.39 7,522.61
271.,607.19 99,321.81

22,61.8.29 >7,772. 71
294, 225. 48 137,094.52

not yet fully processed.
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ANNUAL  REPORT

T0

UNIVERSITY OF ALASKA

Period from July 1, 1975 to March 31, 1976

FROM

Institute of Geophysics and

DIannat~ny, Dhe sl A
F A A I W R

~
~

University of California

LosAngeles, California ©90024

for

“Characterization of Organic Matter in Sediments from
Gulf of Alaska, Bering and Beaufort Seas”

Subcontract No. F-01770, PO¥ FO1770
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1. SUMMARY

The objectives of the investigation were aimed at assessing the
organic content of the ’sediments of the eastern Bering Sea and Gulf
of Alaska, and in particular, the identification and quantification
of paraffinic hydrocarbons.

The results show that the sediments sampled generally contain
less than 1% organic carbon and less than 0.1% nitrogen and sulfur,
A search for natural gases which may result from either biogenic
production or from natural seeps, showed that the gas content was
methane and ‘'was in concentration approximate1y equal to thaf of

dissolved gas in sea water.

Crvrmm mmdlemncd aneV e Loiaen Cmadgane 018 ) ATV . atl
LA it e A llll\all\ld\-‘llll/l\«d' , WER L-\.}uu\.l " MU (V3 ) RN

analyzed for organic solvent-extractable components. The total
extracts amounted to about 140-200 pprn extractable component. The
paraffin contained in this fraction varied from 2-8ppm. The distri-
bution pattern of the saturated hydrocarbons showed no recognizable
isoprenoids {pristane or phytane) and no n-alkanes lighter than C,.
Because of an odd/even ratio >1 and the presence of hydrocarbons

> C,, the distribution pattern is interpreted as resulting from a
mixture of planktonic and terrestrial plant-derived material with

no evidence for petroleum-derived hydrocarbons.

315 .
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11. INTRODUCTION,

This study has been undertaken to primarily determine the baseline
level of hydrocarbons in the Gulf of Alaska and the Bering Sea. When exploration,
production and transportation of submarine petroleum begins, accidental Zloss of
petroleum may result in substantial environmental damage. In order to determine
whether such petroleum release has occurred on the ocean floor, it IS necessary
to first establish the background levels of hydrocarbons in recent marine sedi -
ments and to determine with some precision their distribution pattern. It is
now known that hydrocarbons originating from organisms in young sediments
differ in certain specific characteristics from petroleum-derived hydrocarbons.
Tde analyses undertaken at UCLA were therefore designed to survey the distri-

bution of hydrocarbons in the sediment and evaluate their nature and con-

centration.

As an adjunct to these studies, known weights of sediment were placed
in cans, distilled water was added and the cans sealed. In our laboratory,
hydrocarbon gases trapped in the sediment were released by heating the cans
to 80°C and removing gases in the head space with a syringe and injecting
them into the gas chromatography. Using this approach, we wanted to determine
both the type of light hydrocarbon gases present and their distribution.
Biogenic gases generally only contain methane, whereas wet petroleum gases

include a variety of volatile hydrocarbons from methane to higher molecular

weights.

To assess the hiological richness of the sediment, we analyzed for
organic carbon, nitrogen and sulfur. Changes in these are all indicative of
diagenesis and hence fermentative processes occurring within the sediment
column which will affect the hydrocarbon distribution. Results on these are
given in this Report.

33::3
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In progress are studies on the humic acids and kerogen contents
of the sediment. However, because of the lengthy procedures required
to extract and purify these components, results are presently not

available from this study.

[11.  CURRENT STATE OF KNOWLEDGE

With the exception of measurement of total carbon contents from
a variety of environments in the Gulf of Alaska and Arctic Ocean, little
is known about the nature of organic substances in the sediment. A
preliminary report by Shaw, Cheek and Paul (University of Alaska, 1976)
on petroleum uptake in intertidal sediments at Port Valdez gives a
single analysis for an undisturbed sediment. None of the stations we
report here coincide with the station sampled by Shaw et al. The
distrihution pattern for the napaffinic hudvacavhone found by Shaw chowe
a high concentration of pristane, C,and C2s. This is a most unusual
distribution and may indicate a hydrocarbon mixture from both pol-

luted and non-polluted sources.
IV. STUDY AREA

A total of 34 sediment samples for high molecular weight hydro-
carbons and 27 samples for volatile hydrocarbons were collected in
summer 1975 from the western Gulf of Alaska and from the Bering Sea.

A description of the cruise report is included in the Appendix I,

and the stations occupied for sampling are shown in Fig. 1. Many o-f
the stations occupied for sampling had rocky or gravel bottoms, and it
was not possible to collect a meaningful sample for chemical analysis.

In order to obtain additional samples for analysis, ten sediment



samples adjacent to Prince William Sound were supplied to us by Dr.
David Shaw. The locations of these samples are shown on the map in
Fig. 2. Because these latter samples were not hermetically sealed
on collection, they cannot be used for volatile hydrocarbon analysis,

but are suitable for high molecular weight hydrocarbon studies.

V. METHODS

The methods of this report involve three separate types of

analytical procedures:

(la) Elemental analysis for sulfur was carried out on dry
samples by use of an induction furnace following the
Leco Corporation method.

(1b) Tetal carbon and organic carbon (carbon remaining
after treatment with 3N HC1) were determined by a
Leco acid-base semi-automatic carbon determinator
and then calcium carbonate is calculated as follows:
(% total C - % C after acidification) x 8.33 = % (CaC0;.

(1c) Total nitrogen was measured as NHi extracted by
sulfuric acid oxidation of the organic matter in
evacuated, closed tubes at 340°C for 2% hours .
The ammonia was purified by microkjeldahl dis-
tillation NaQH added, and then measured colori-
metrically.

(2) Volatile hydrocarbon gases were determined on sedi-
ment samples which had been placed in a cleaned can
and covered with distilled water to leave a headspace
of about 200 ml. The cans were sealed and analyzed
on shore. There, the cans were placed in a bath at 80°C and

a2
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energized ultrasonically for one hour. At that time, the
lid was punctured with a device which allowed a known volume
of gas to be removed and introduced into a gas chromatography.
The column,0.035" I .D. x 10 ft. was packed with n-Octane/
Porasil C Durapak, 100/120 mesh, and programmed from -10"C
to 100"C.

The gases were identified by coinjection with known
standards, and. the amount of gas measured was calibrated
against a standard gas mixture, and the results calculated
as ppb-of dry sediment.

(3) The analysis of high molecular weight hydrocarbons (> C;s)
essentially follows the procedure described by BLM. In
order to maintain uniformity in analysis for the purpose
of realistic comparisons of results on OCS samples, it
was decided to use the preferred method. A detailed
description of the method was given in Appendix Il.

AlT samples were maintained in a trozen condition. from
the time of collection to the time of analysis.

VI.  RESULTS

1. Carbonate, Organic Carbon, Nitrogen and Sulfur

With the exception of four samples in the western Gulf of Alaska,
where the local calcium carbonate content reached 40%, the calcium
carbonate content is generally < 5% (see Table 1).

Organic carbon content is 1% or lower. Only two samples exceed
1%. The samples from the Bering Sea and the mouth of Cook Inlet are
particularly low in carbon, nitrogen and sulfur.

The nitrogen content varied, but many samples displayed a C:N
ratio of ~10. surprisingly, the sulfur content is very low, probably

indicating oxygenated conditions at the sediment surface. It might

322



be of interest to determine whether this sulfur is biologically
produced syngenetically with the sediment, or whether it has been

introduced by glacial and river erosion.

2. High Molecular Weight Hydrocarbons

Seven sediment samples from the Western Gulf of Alaska have been
analyzed for extractable hydrocarbons. The results are presented in
Tables 2 and 3 and in Figs. 3 - 9.

The total extractable fraction after sulfur removal by copper
and saponification to remove fatty acids, yielded values in the range of
141 to 196 ppm hydrocarbon (Table 2). The total extractable component
was broken down into paraffinic and cyclic (saturate), aromatic and polar
components. As seen from Table 2, the saturate fraction usually contained
the lowest amount of extractable material, whereas the polar component
contained the greatest extractable amount. The nature of the aromatic
and polar components is presently not known.

The distribution pattern for the recognizable saturated hydro-
carbons is shown in Table3and “in Figs. 3 - 9. Some very notable
features are obseryed. First, there are no detectable n-alkanes
lighter than C;5. Second, there are no detectable isoprenoids, in
particular pristane or phytane. Third, the odd/even ratio for n-alkanes
over a range C2:-C3; is >1.0, but does not reach the higher values
(v 2) often observed in young sediments. Fourth, there appears to be
an absence of C;; or C,, olefinic hydrocarbons often associated with
young sediment, where the organic matter has largely originated from

planktonic sources. Fifth, the higher molecular weight hydrocarbons
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in the range C, -C;, are present, but generally in amounts lower
than the C,, - C,¢ components.

To demonstrate that the identification of the chromatogram peaks
is correct, a series of four known standard compounds, n€jes nCy,,
nCéu and nC,, alkanes were coinjected with GASS 43 extract. It
‘can be seen from Fig. 10 that‘ﬁczu and nC, superimposed on the peaks
so identified from the hexane fraction of sediment extract in Figs.
3-09.

Apossible explanation for the lack of n-alkanes below C,q
might be the lack of sensitivity in detection. However, high detectable
signals can be obtained with nanogram quantities of hydrocarbons as
seen in Fig, 11, where~ 100 ng standards were injected. Since
signal strengths of 10-2 to 107! could be detected,” it must be surmised

that indeed, n-alkanes <C,s are missing from the sample.

3. Volatile Hydrocarbons

The method employed for analysis is “capable of measuring €, «Cg
alkanes in the concentration range of 1 ng. The resolution on the
column is excellent, as can be seen from a series of standard gases
shown in Fig. 12. The results, however, showed that only traces of
gases other than methane were present. Their concentration was too
low to detect. The only measurable gas was methane, in the amounts
shown in Table 4.

With the exception of EB3S 28, all the CHi concentrations are
10 rig/g dry sediment. These values fall in a concentration range

similar to those of average seawater:in the amounts of seawater contained

in the pore water of the canned sediments. There is no evidence for
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petroleum gas seeps

VII. DISCUSSION

The methods used in this study are comparable with other similar
studies being. conducted by BLM elsewhere on the OCS. The data demon-
strate that the sediments from the Bering Sea and Gulf of Alaska are
poor in organic matter. This may either be due to 1;ck of a source
of organic carbon or due to rapid degradation of organic matter
at the sediment-water interface, because of the presence of highly
oxygenated bottom waters. The low abundance of sediment sulfur and
dissolved methane, both attest to the lack of reducing conditions.
Hence, hydrocarbons are either not forming in the sediment column, or
el se they are beina rapidly dearaded. We cannot tell from the ore-
sent data which process dominates.

It is apparent that petroleum-derived hydrocarbons are either
absent or else they have been sufficiently altered so that the lighter
hydrocarbons have already been oxidized away. Without knowing the
hydrocarbon content and characteristics of the regional plankton, it
is difficult to predict what percentage of the HMWHC are contributed
from primary producers in the water column and what fraction may

originate from land.

VIII. CONCLUSIONS

A series of analyses for carbon, sulfur, nitrogen, high molecular
weight hydrocarbons and volatile hydrocarbons indicate that sediment
from the Bering Sea and Gulf of Alaska are poor in organic matter and

contain only minor or trace amounts of methane. The pattern for high

)
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molecular weight hydrocarbons is different from the. distribution of
these compounds in temperate climate marine OCS sediments, More analyses
need to be undertaken to determine if the distribution is characteristic
of the entire Gulf of Alaska and Bering Sea. There is presently no
evidence for a contribution of petroleum hydrocarbons to the young

sediments.”
| X . NEEDS FOR FURTHER STUDY

A. Continuation of extraction and analysis of” hydrocarbons in sediments
from western Gulf of Alaska and eastern Bering Sea to characterize
the hydrocarbons in sediments from these areas, and to compare with

the results obtained from eastern Gulf’of Alaska.

B. Develop procedure for the analysis of light hydrocarbons in canned
sediment samples from EBBS and GASS stations that will concentrate
the headspace gases and provide a much greater sensitivity level.
This will enable us to determine if the methane concentrations
given in this report are the result of entrapped pore water or are
derived from the sediments. Furthermore, if enough gas can be con-
centrated, isotopic analysis, using vacuum lines and mass spectro-
meter in this lab will distinguish methane derived from biogenic

processes from that derived from thermochemical processes.

C. Collection of sediment samples from known gas seep areas to ensure
that sample collection procedures effectively maintain ambient

1ight hydrocarbon concentrations,

D. Determine extraction efficiency by injecting analytical standards

£
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in wet sediments as outlined in BLM analytical procedure (Appendix

).

E. Collection of plankton from the water column over the areas in

A.

which sediment samples were collected and the extraction and

‘characterization of the plankton hydrocarbons. This is necessary

to define the input of hydrocarbons derived from plankton to the

sediments and to enable better interpretation of the hydrocarbon

distribution in the sediments.

1a.

X. SUMMARY OF FOURTH QUARTER OPERATIONS

§
Ship Activities

Nates:

May 20 to June 15, 1976 - Eastern Gulf of Alaska

June 15 to August 1, 1976 - Western Gulf of Alaska and
Cork Inlet

September 15 to October 15, 1976 - Northern Bering Sea

Ib. Vessel: R.V.. SEA SOUNDER. chartered_pv U.S.G.S.

Scientific Party:

Edward Ruth: Staff Research Associate, U.C.L.A.
Mark Sandstrom: Post-Graduate Geochemist, U.C.L.A,
Daniel Stuermer: Post-Doctoral Research Fellow, U.C.L.A.

Methods:

a. Collection of undisturbed surface sediments, free of
hydrocarbon contamination, in frame-supported Van
Veem grab sampler.
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TABLE 1. ELEMENTAL ANALYSIS
A ' . . 0 .
Station Latitude  Longitude "[’ja;%rt h o To alCa rOrt;]a%ir:: (ca_/((:)())s N|0/trogen Sgl fur
( m) _ (9% (%

EASTERN BERI NG SEA .

EBBS 8 58°17.9'N 159°31.6'Ww 26 0.27 0.23 0.33 0.026 0. 051
EBBS 12 56”09. 5’ 162°09.5 84 .0.45 0.14 2.58 “ 0.018 0.019
EBBS 17 55°26.4"  165°49. 1’ 119 0.92 0.76 1.33  0.089 0,.090
EBBS 19 56°40.5’ 163°56.6" 75 0.76 0.39 3.25 0. 064 0. 066
EBBS 24 58°46. 4’ 162°29. 4’ 47 0.37 0'.33 0.33 0.032 *0.057
EBBS 28 57°10.4' 165°04. 4’ 70’ 0.76 0.59 1.33 0.140 0.079
EBBS 35 56°12:4' 168°20.4 .160 0.54 0.41 1.08 .“ 0.038 0..014
EBBS 37 57°05.3' 167°00.6" 75 0.53. 0.41. 1.00 “0. 045 0.051
EBBS 38 57°40.1! 166°05.8' 6 6 0.84 0.66 1.50 0.074 0. 045
EBBS 40 58°07.3' 165°15. 6’ 46, 0.31 0.32 0.00 0.033 0. 044
EBBS 41 58°46.91 164°14.2' 36 0.61 0.37 2.00 0. 008 0.027
EBBS 43 58°42.5' .166°16.0" 37 0.49 , 0.30 1.58”  0.029 .0.038
EBBS 45 57°34.5° 168°04.5' 70 0.95 0.42  4.40 . 0.043 0. 045
“EBBS 54 56°56. 4’ 170°54. 8: 105 1..01 0.68 - 2.75 “ 0.104 0.096
EBBS 56 s58°06,5' 169°05. 4" 71 0.61 0.47 1.67 ,0.083 0..099
EBBS 58 58°43.5 167°21.0" 44 0.61 0.31 2.50 0.033 0. 054
EBBS 59” 59°11.9" 167°17.1 38 0.53 0.27 2.17 0. 029 . 058
EBBS 64 58°01.5 171°17.0° 90 1..07 0.77 2.50 0.094 .0.127
EBBS 65. 57°24.9’ 172°04. 6’ 109 1.08 0.67 3.42 0.074 0.077
PMEL 458 55°39.8  164°04., 1 9% 1.22 0.76 3.83 0.035 0.042
WESTERN GULF OF ALASKA

GASS101 59°18.6'N  152°18.6'W 170 0.53 0. 18, 2.92 - 0.009 0.010
(ASS102 59°10. 1° 152°04.4' 101 L 2.4 0.18 18.83 0.019 0.016
GASS103 59°00.6'  151°48.2' 96 5. 41 0.53 40,65 0.092 0.043
GASS104 58°50. 0 151°26. 4’ 100 2.65 0. 39 18.83 0. 046 0.020
GASS105  58°40.1't151°07-.31 160 1.37 0.76 5.08 0.058 0.037
GASS119 57°06. 0’ 156°00. 6’ - 250 1.25.  0.74 4.25 0.083 0. 063
GASS120 56055. (). 155044,1'" 294 1.51 1.08 3.58 0.132 0.075
GASS121 . 56°43, 6 1.55°28. 0’ 238 1.81 1.13 5. 66 0. 150 0.010
GASS122° 56°31.1 155°11.9' 42 5. 02 0.18 40.32 * 0.023 0.' 042
GASS123 56019. 1 154°55. 1" .12 1.69 0.78 1.58, 0.083 0. 066
GASS124 56°07.0 15.4°39. 0’ 107 1.41 0.92 4.08 0.105 0.071
. GASS133 55°44.8’ 158°49.3 68 0.83 0.35 4,00 0.029 0.037
GASS134 55°33. 6 158°40. 0’ 152 “1.59 1.09 4.17 0.101 0. 150
GASS135 55°20.0° 158°25. 4’ 145 0.97 '0.42 “4.58 .0.052 “0.039
GASS137 54°55.0 157°58.5’ 102 2.15 0.34 15. 08 0.019  0.020
GASS160 53°44. 2’ 164°2.6.3' 195 0.60 0.31 2.42 0.030 0. 169
EASTERN _ GULF- oF ALASKA

GASS 01 59°50.2'N  149°30.5'w 254 0.98 0.77 1.75 0.036  .0.034

PWS 13 60635.0 146°55.0” 439 1.29 0.71 4.83 0.051 - 0.041
GASS 41 59°55.1°  142°39.5° 118 0.99 0.84 1.25 0.038 0. 042
GASS 43 59"45.0' 143°52.8” 123 0.98 0.66 2.67 0.046 0. 058
GASS 50 59°47..7 145009.0° 170 0.95  0.78 1.42 0.048 0.061
GASS 51' 59°57. 6’ 145°07.8° 147 1.09” ~0.73 3.00 0.081 0. 052
GASS 52 60°07.6°  145°06.57 85 1.12 0.81 2.58 0.044 0. 042
GASS 54 60°13.9° 146°48.6” 208 1.05 0.51 4.50 0.033 0.028
GASS 55 60°04.5' 146°42.6° ‘117 ,1.39” 0.92 3.92 0.081 0. 050
PWs 107 61°00. 31 146°45.9”  368. 1.01 0.92 “ 0. 75. 0.087 0. 050
PREC! SI ON + 0.08. * 0.08 - % 0.08 *0.003 +0.006
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TABLE 2. Characterization of Sedinent Organic Fractions Determned By

Gravimetric
Anal ysis of Extracts

Organic Sol vent Li qui d Chr omat ogr aphy
Sanpl e Car bon Extractabl e Saturate Aromatic Pol ar

(% (ug/g dry sediment) (ug/g dry sedinent)
GASS 41 0.84 143.11 7.07 31.80 70. 67
GASS 43 0.66 141.10 18.71 18.71 76. 92
GASS 50 0.78 170. 36 29. 77 47.97 82.70
GASS 52 0.81 146. 41 15. 52 28. 83 88, 73
GASS 55 0.92 162. 32 20. 55 26.71 100. 68
_PWS 107 0.92 159. 55 12. 27 39. 27 98.18
GASS 51 0.73 195. 82 26. 11 11.19 143. 60
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TABLE 3 . . GAS CHROMATOGRAPHIC DATA - Hi gh Mol ecul ar Wi ght Hydrocarbons

CONCENTRATI ON (ug/g dry sedi nent)

COMPOUND  cASS 41 GASS 43 GASS 50 GASS 51,  GASS 52 G4SS 55  Pws 107

nCy 5 0.0 0.0 0.0 ‘0.0 0.0 0.0 0.0
nC; s 0.0 0.0 0.0 0.0 0.0 0.0 0.0
nCy 7 0,0 0.0 0.0 0.0 - 0.0 0.0 0.0
Pristane 0.0 0.0 0.0 0.0 .0.0 0.0 0.0
nCis 0.0 : 0.0 0.0 0,0 0.0 0.0 0.0
Phytane 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0
ty 9 0.0 0.0 0.043 0.067 0. 0 0.0 0.425
nC2o 0. 0 0. 060 0.199 0. 327, 0.329 0.462 0.713
nCz, 0.110 0.163 0.574 0.394 0.966 0.996 0.406
nCs»2 0.438 0.322 0.737 0.628 1.269 1*393 0.765
nCaz 0.531 0.432 0.724 0.641 - 1.362 1.438 1.083
nCy 4 0.523 0.207 0.557 0. 505. 0. 365 1.119 o* 117
nCzs 0, 702 0.201 0.727 0. 463 0. 368 1.338 0.149
nCzs 0.671. 0.152 0.582 0.376 0.230 0. 759 0.088
nCy 0.790 0.1.89 0,499 0. 449 0.412 0.245 0.233
nCsg 0.715 0.134 0. 460’ 0.423 0. 247 0.213 0. 069
nCzo 0.984 0.187 0. 758. 0.415 0.138 0.248 0.194
nCso .0.573 0.077 0.541 0. 166 0. 095 0.082 0. 045
nCsy . 0.499 0.083 ° 0.394 0. 160 0.171 0.094 0.134
nCs2 0. 052 0.0 0.0 0.0 0.0 0.0 0.0
Tot al
n-Alkanes 6.588 2.206 6.795 5.014, 5.952 8.387 4. 421
Odd/ Even .
Ratio 1.217 1.230 1.195 1.923 1.348 1.08' 2 1.223
‘Total
Isoprenoid 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Major Peak nC; 9 nCas nCzg nCz3 nCsy nCzy nCa3
Pristane/

Phytane 0.0 . 0.0 0.0 0.0 0.0 0. O 0.0
nC;7/Pristane 0.0 0.0 0.0 0.0 0.0 0.0 0.0
nCyg/Phytane 0. 0. 0.0 0.0 0*0 0.0 0.0 0
Unresol ved

backgr ound 0. 70% 88. 6% 77.19% 80.8% 46.5% 45_9% 64. 3%

330



TABLE 4.

GAS CHROMATOGRAPHIC DATA -

Low Molecular Weight Hydrocarbon

cH, Concentration

CH, Concentration

STATI ON (riglg dry sedinent) STATI ON (riglg dry sedinent)
EBBS 17 1.1 GASS 101 3.4
EBBS 19 3.3 GASS 103 0.0
EBBS 28 20.9 GASS 105 2.1
EBBS 35 4.3 GASS 119 3.1
EBBS 37 0.4 GASS 122 - 0.7
EBBS 38 3.8 GASS 124 0.7
EBBS 40 ‘3.0 GASS 133 4.2
EBBS 41 1.4 GASS 134 5.8
EBBS 43 0.0 GASS 135 1.1
EBBS 46 6.4

EBBS 54 -2.8

EBBS 56 3.2

EBBS 58 8.8

EBBS 65 12.2
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APPENDIX I

CRUISE REPORT: DISCOVERER - LEGS 111 AND IV

TO
UNIVERSITY OF ALASKA

from

Institute of Geophysics & Planetary Physics
University of California

LosAngeles, California 90024

“Characterization of Organic Matter in Sediments from

Gulf of Alaska, Bering and Beaufort Seas"

Subcontract No. F-81770, PO #F01770
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CRUISE REPORT: DISCOVERER - LEGS Il AND IV

The initial phase of our efforts to characterize hydrocarbons in
marine sediments from eastern Bering Sea and western Gulf of Alaska was
completed with the collection of surface sediments on Legs Ill and IV
on the NOAA ship DISCOVERER. Leg 111 began September 11,.1975 in Dutch
Harbor, Alaska; 23 stations were occupied and 22 highmolecular weight
(HMW) and 18 low. molecular weight (LM{) hydrocarbon samples were col-

1 ected. Leg IV terminated October 10, 1975, in Kodiak, Alaska, after

22 étations were occupied and 12 H¥ hydrocarbon and 9 LMW hydrocarbon
samples had been collected. Hydrocarbon samples could not be obtained
at all stations occupied because of-insufficient sediment cover.

The suite of samples collected in the Bering Sea appear sufficient
to define and charac—ter‘izé background levels of hydrocarbons in this
area, while further sampling in the western Gulf of Alaska area is
necessary. Additional recommendations for sampling in these areas may
be made after initial extraction and analysis of the sediment is
completed, Specific problems and recommendations concerning the
sampling program are detailed below.

One of the objectives of this study includes the collection of
uncontaminated, undisturbed surface sediments. Approximately” 350 gm
wet sediment are needed for HMH and LMY hydrocarbon analysis, so a
sampling device that samples a Tén"ge surface area is needed. Accordingly,
an aluminum Van Veem grab sampler with teflon hinges (greaseless) and
large top opening doors that allow easy sampling of the surface of the

recovered sample was obtained for use on Legs 1lland IV of the DISCOVERER.
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Lack of time prohibited. testing this device before its use on the DISCOVERER
and it proved to be unsuccessful in repeated sampling attempts because of
-problems with the weights and aluminum latch. (A similar Van Veem grab

has sincq been modified and operated successfully).

' Consequently, a steel Van Veem grab on board DISCOVERER was used to
collect samples during Legs III and IV. Although generally reliable in
recovering samples, it was less than ideal in sampling for hydrocarbon
analysis because of possible contamination from oil or grease on hinges,
and the inability to remove sediment samples without dumping and homo-
genizing. the entire sample into a pan or tray.

One problem encountered during the sampling operation was the
inability to accurately determine when the grab sampler was at the sediment
surface. On many occasions during Legs 111 and 1V, the Yan Veem grab was

retrieved untriggered, or triggered and empty, and it was unclear whether

-or not the sampler had been on the sediment surface. , Consequently, it is
recommended that a tensionometer on the winch cable A-frame be installed so
that it is easier to determine when the sampler penetrates the sediment
surface. Furthermore, a pinger placed on the winch cable could more
accurately determine when the sampler is close to the sediment surface,
although this involves more time and personnel to monitor recorders on
the bridge.

Initial plans for subsequent sampling programs are to modify and
test and aluminum Van Veem grab so that it successfully recovers sediment,
and to determine the most efficient rate of descent and method of bottom
penetration for this type of Van Veem grab.

Alternatively, we recommend the construction and usc of a Soutar Van

Veem sampling device for subsequent cruises because we feel that such a
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device is not only more efficient and reliable, but it is best for our
sampling requirements. This type of sampler, constructed of aluminum
and teflon, is mounted on a frame which will ensure vertical penetration
of the sediment and sample recovery. Additional advantages include ease
of setting the trigger”, the ability to store the grab within the frame
protected. from ship contamination, and also the potential of mounting’s
camera or pinger on the A-frame. Moreover, the large top-opening doors
should allow the collection of the fine surface layer of sediment because
there is no hydrostatic head formed by the descent of the sampler and,
upon retrieval the sediment surface is undisturbed.

Another problem related to the low sediment recovery was the
apparent lack of sufficient sediment cover for grab sampling. It is
assumed that rocky, erosional bottom environments are common in many
of the western Gult of Alaska stations; and in the Bering Sea at stations
EBBS 12 and 24.

It is recommended “that future stations be chosen in depressions,
troughs, and deeps where there is greater probability for sediment
accumulation. Pre-cruise planning should involve the use of aviailable
sub-bottom profiles and existing bottom sampling data to define areas of
sufficient sediment cover. Furthermore, the use of a 3.5 kliz depth
recorder while approaching a potential station would ensure that the
station finally chosen had sufficient sediment cover. This would allow
some preliminary surveying to find suitable areas, If necessary. On
one station during Leg 1V, GASS 146, three grab samples of silty sand and

gravel were collected for the benthic organisms study, but the ship
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apparently drifted into a rocky area before the hydrocarbon grab sample
could be collected. Use of a 3.5 kHz depth recorder might have helped
maintain position over the apparently patchy sediment cover.

Finally, samples were not collected at some of the proposed stations
because of lack of available time for sampling. Engine repairs in
Kodiak delayed departure and consequently shortened Leg IV by 2 days,
rough weather forced termination of Leg IV 1.5 days earlier than planned.
The main effect of this shortened time was the failure to occupy proposed
stations 106 through 110 on the continental shelf west of Kodiak Island.

During Leg Il in the Bering Sea, the large number of stations for
other studies and the desire to complete the entire sampling grid, resulted
in a small amount of time alloted to the hydrocarbon sampling program on
some stations. it iIs recommended that future cruises allow sufficient
time for collection of sediment samples, taking into account the occasional

necessity of repeated attempts.
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TABLE I: LEG I'll DISCOVERER, EASTERN BERING SEA

Hydrocarbon Samples

STATION Latitude Longitude HMW LMW Comments

EBBS 8 58°17.9” N 159°31.6" W X -X Sandy silt

EBBS 12 56°09.5” 162°07.6° X 0 Lt. green sand

EBBS 17 55°26.4" 165°49.17 X X Dk. green silty clay
EBBS 19 56°40.5° 163°56.6" X X Dk. green silty clay
EBBS 24 58°46.4" 162°29.4° X 0 Sand, gravel

EBBS 28 57°10.4° 165°04.4° X X Lt. green silty clay
EBBS 35 56°12.4" 168°20.4° X X Dk. green sandy silt
EBBS 37 57°05.3 167°00.6” X X Dk. green silty clay
EBBS 38 57°40.1° 166°05.8” X X Lt. Green silty clay
EBBS 40 58°07.3” 165°15.6° X X Silty sand

EBBS 41 58°46.9” 164°14.2” X X Lt. green sand

EBBS 43 58°42.5 166°16. .0’ X X Dk. green sandy silt
EBBS 46 57°34,5 168°04.5” X X Dk. green silty clay
EBBS 48 56°19.1” 169°41.9” 0 0 Rocky bottom (?)
EBBS 51 55°48.6" 170°48.0” X 0 Shipeck sampler~-(may be

contaminated)

cone.er geogg Al F7negn, o X Y o oo, 5l

EBBS 56 58°06.5" 169°05.4° X X Dk. green silty clay
EBBS 58 58°43.5” 167°21.0° X X Green silty sand
EBES 59 59°11.9” 167°17.17 X X

EBBS 64 58°01.57 171°17.07 X X Dk. green silty clay
EBBS 65 57°24.9° 172°04.6” X X

EBBS 66 56°45.6” 173°13.7” 0 0 Rocky bottom (?)
PMEL 45B 55°39.8” 164°04.1° X X Green sandy silt
TOTAL: 23 21 18

B

N



TABLE |II: LEG IV DISCOVERER - WESTERN GULF OF ALASKA

Station Latitude Longitude Hydrocarbon Samples Comments
“HMW LMW

GASS 101 59°18.6"'N 152°23.5'W X X Light green sand
GASS 102 59°10.1” 152°04.4> X 0
GASS 103 59°00.6 151°48.27 X X Light green silty sand
GASS 105 58°40.17 151°07.3” X X Light green silty clay
GASS 119 57°06.0" 156°00.6> X X Light green silty clay
GASS P1 56°43.6” 155°28.0' X X Light green clay
GASS 122 56°31.17 155°11.97 X X Sand, shell fragments
GASS 124 56°07.0" 154°39,9” X X Lt. grn. silty clay; pebbles
GASS 133 55°44 .8 158°49.3” 0 0 Rocky bottom (?)
GASS 134 55°33.6” 158°40.0” X X Lt. green clay
GASS 135 55°20.0” 158°25.4” X X Lt. green sandy silt
GASS 136 55°07.5° 158°713.3” 0 0 Rocky bottom (?)
GASS 137 54°55.0° 157°58.5” X 0 1/2 Jar sand, gravel
CASS 147 sheze 2! 1101621 n n Racky hattom (2}
GASS 146 54°49.5' 1617°11.8° 0 0 Rocky bottom (?)
GASS 145 55°01.0° 161°19.8° 0 0 Rocky bottom (?)
GASS 148 54°23.7" 160°49.2° 0 0 Rocky bottom (?)
GASS 156 54°29.0" 165°11.4" 0 0 only recovered mussell shell
GASS 157 54°16.7" 165°00.3" 0 0 Sponge, shells
GASS 158 54°4.2° 164°46.9” 0 0 Rocky bottom (?)
GASS 159 53°52.07 164°33.7” 0 0 Rocky bottom (?)
GASS 160 53°44.2° 164°26.3> X 0 Sandy silt

TOTALS 22 STATIONS

—_
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APPENDIX 11

HIGH MOLECULAR WEIGHT HYDROCARBON EXTRACTION
PROCEDURE FOR SEDIMENT
Recommended by BLM February, 1976

Extraction of Sediment Samples

The recommended minimum sample weight is 100 g. This amount can be
increased for sediments found to be very low in extractable organics.
Every fifth sample will be spiked with a 0.1 ug hydrocarbon standard/g
sediment using an appropriate n-alkane or iso-alkane standard and a
polycyclic aromatic standard which falls outside of the spectra of the
compounds being measured. The frozen sample is weighed into a pre-
extracted sochlet thimble and rinsed with distilled water to remove organic
salts. The water is double-distilled and percolated through Chromosorb-
102 resin to remove trace organics. It should be stored in either glass
or teflon containers. Excess water will be removed under vacuum. The
filtrate is then extracted three”(3) times with 25 ml of n-hexane. The
extracts are then combined and saved for later addition to the sediment

extract.

The sediment sample is then freeze-dried and removed when dry. This
procedure serves to minimize sample manipulation. The freeze-dried sedi-

ment is then extracted by the soxhlet technique.

1. The Soxhlet Extraction

The”freeze-dried sediment in soxhlet thimble is placed in the
extractor and extraction is allowed to proceed for 100 hours, or 300
turnovers, with one solvent change after twenty-four (24) hours. The
solvent system used for sediment extraction and pre-extraction of the

soxhlet thimbles is a toluenc:methanol (3:7) azeotrope. The extracts
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obtained from the sediment extraction and water washing are then combined

and reduced in volume using a rotary evaporator. The dry weight of the

extracted sediments is determined while in the thimble.

2. Sulfur Determination

The presence of elemental sulfur is determined on at least one
sample per suite by dipping activated copper wire into the extract.
If the wire becomes immediately coated, all samples should be tested
for sulfur. The sulfur should be removed by charging the extract onto an
activated copper column. It is then eluted with three column volumes
of toluene. The solvent is again reduced in volume with a rotary

evaporator. It is then saponified in accordance with the procedure

amnla $ra tuanafa o 0 o o oad e dasmad 2al
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Ancrnibhad 9n nawmamn ~nbo Thea

the remaining solvent removed with pre-purified N» and weighed on an

analytical balance sensitive to 0.1 mg. The sample is then dissolved

in a small volume of n-heptane for column chromatographic analysis.

Saponification

All samples requiring saponification will be handled as described
below. Saponification will be carried out by refluxing the sample with
a 1:1:1 mixture of 0.5 N KOH in methanol: toluene:water. This mixture
will be refluxed either under pre-purified nitrogen or with a filter
of molecular sieve or silica gel to prevent contamination from external
hydrocarbons in the laboratory.

Upon completion of the saponification, the mixture shall be diluted
with an equal volume of distilled water or a saturated NaCl solution.

If no emulsion exists, the toluene layer should be decanted, followed by
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three extractions of the aqueous mixture with n-heptane. The volume of
n-heptane used for each extraction should be equivalent to the volume
of toluene initially used in the saponification. The toluene and n-
heptane fractions are then combined and reduced in volume with a rotary
evaporator.

If an emulsion exists, the entire mixture should be extracted
three times with the n-heptane. The extracts obtained should be placed
in glass centrifuge tubes with teflon-lined cap and then spun down so that
the phases can be easily separated. A refrigerated centrifuge may aid
separation. THe organic phases will then be combined and back-extracted
with an equal volume of saturated sodium chloride solution. The satu-
rated sodium chloride solution will then be re-extracted once with n-
heptane and all the organic phases will be combined. The organic solvents

will then be reduced in volume on a rotary evaporator.

Column Chromatography (L. C.) .

All sample types will bechromatographed in the manner described
below. A weight ratio of one-hundred (100) parts alumina to one (1)
part lipid sample and two-hundred (200) parts silica gel to one (1) part
lipid sample ill be used. The column should have a length-to-i.d.-
ratio of 20:1. Both the silica gel and the neutral alumina will be
Activity 1. The columns will be prepared by first suspending the.
absorbent-s in n-hexane and then pouring a slurry of silica in n-hexane
into a standing column” of n-hexane and allowing it to settle. This
will be “followed by pouring the alumina slufry into the column. The
column should then be rinsed with two column volumes of n-hexane. At no

time should the column be allowed to run dry. The extract will then be

"9
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applied to the column in a small volume of n-hexane and the aliphatic
fraction eluted with two column volumes of n-hexane. This will be followed
by elution of aromatics with two column volumes of benzene. The eluates
from the two fractions will then be taken to near dryness on a rotary
evaporator. They will then be transferred to screw-cap vials with either
aluminum- or tefion~1ined caps, and the remainder of the solvent removed
with a light stream of pre-purified nitrogen.

Add a small measured volume of a suitable solvent to the residue,
and, using a one (1) u% syringe, place a one (1) ut aliquot on the
weighing pan of a micro-balance. An alternative method is the use of
tared vials and determination of weight difference using an analytical
balance. After the solvent evaporates and the balance has come to equili-
brium, usually one to two minutes, the residue can be weighed, The weight
of the total residut can then be determined by extrapolation. This method
helps in avoiding problems associated with the presence of salts, and
sulfur in the vial which may not have been completely removed. Additionally.
an appropriate sample volume for injection into the gas chromatography
can be determined in this manner. Appropriateness of sample volume is a
functﬂn;of gas chromatographic operating conditions and the composition

of the sample itself.

Gas Chromatography (G.C.)

Each eluted fraction obtained from the column chromatographic
separation will be re-dissolved in a small volume of n-hexane and
aliquots will be withdrawn and weighed on a microbalance to determine

appropriate volumes for injection on the gas chromatography. Stainless
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steel capillary columns coated with 0V-101, should be used for the anlalysis.
The column: should be high resolution with at least 50,000 theoretical plates.
The gas chromatography will be capable of linear temperature programming and
will be operated with a hydrogen flame detector with a sensitivity of at least
‘5% 10-1! gms/sec for n-decane at a signal-to-noise ratio of 5:1. Retention
indices will be computed based on known standards’.

The gas chromatographic analysis should allow for isolation and
characterization of the following: normal alkanes from C;y to at least
C,:; condensed and non-condensed cycloalkanes (in a cursory way, if pre-
sent) and homologous series of alkyl benzenes and alkyl-substituted poly-

cyclic aromatics such as chrysene with retention times up to n-Css.

2
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Following is part 2 of the quarterly report R.U.# 275/276/294 for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July - September 1975,

therefore is included here.
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OCS COORDI NATI ON' OFFI CE JAN © 7 19

“University of Al aska NE

Quarterly Report for Quarter Ending December 31, 1975

Project Title:

Contract Nunmber :

Task Order Nunber:

Principal Investigator:

Task Cbj ectives

“The primary objective of

Hydrocarbons:  Natural Distribution and”’

D EGEIVER
AR

GOA

¢ . P
Dynam cs on the Al askan Quter Continent al‘\lr_ '
o '1..'.'

Shel f | ;

8

03-5- 022- 56 pl
S
e
5

Dr. David G Shaw

this project is to produce data on the

ki nds and amounts of hydrocarbons’ in waters, sedinents and biota

of the Al askan OCS.

Field and Laboratory Activities

A. Field

1. Suspended sed

iments from the vicinity of the nouth of

the Copper River were collected” during a cruise of the
R'V Acona 6 Cctober ~ 11 Cctober.

2, Surface water sanples were taken in the Gulf of Alaska

on a cruise of
17 Novenber.
exerci se was C

t he NOAA ship Surveyor 28 Cctober -
During this cruise, a jeint sanpling
arried out with the Natiemal Bureau Of

Standards.  Surface water wascollected in the Lynn

Canal .
B. Laboratory

1 The GC-MS-data

system has been deliver=d to Fai rbanks

and Dr. Douglas Ml ntosh has been hirell to operate the

system Insta
early 1976.

|lation and start-up are expected in

2. “The check of methods for biota analysis has been corn-

pleted and anal

ysi s begun.

3 Analysis of water sanples collected in August, 1975

were conpl et ed.
mitted wh

Data for these analysis will be sub-
ta Managenent Plan is am pl ace.

~Anatysis of water COil ected im OCTODEr Is CUTTENiTy in
progress. A contam nation problem was encountered in

this work but
It is believed
sanpl es.

I'S now thought t0 have bern overcone.

~not to have affected the intercalibration
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4. M. Gegory Malinky has been hired to carry out our
investigation of the interaction of hydrocarbons with
@ul f of Alaska suspended sedinments. An outline of
the experinmental plan for this work is included. as
Appendi x A

111, Results

Iv.

None are available at this tine.

Pr obl ens

A No progress has been made in the area of Beaufort Sea
| ogi sti cs.

" B. G her problens described in ny September, 1975 report

have now been resol ved.
Subcontractor Activities
A report describing |I. R Kaplan's progress in sedinent

collection and analysis will be forwarded in approxi mtely
two weeks.



APPENDIX A

The aimof this project is to study the absorption of hydrocarbons onto
suspended sedinments. W have linited the choice of hydrocarbons to
constituents of crude oil’. The hydrocarbons to be studied are hexane,
cyclohexane, bengene, and tetrahydronapthalene, a napthend-aromatic. I n
this way the behavior, of the six carbon chain can be followed from an
aliphatic t0 a cycloalkane, trans-aromatic. - The tetrahydronapthalene i S
a fused cycloalkane-aromatic ring system containing one ring of each.

Havi ng sonme, idea of the type of hydrocarbons absorbed and the avenues of
“suspended sedinment transport, one can then make an educated guess as to
where the hydrocarbons carried by suspended sediments will be deposited
and what type of hydrocarbons they will be. Thus , the harnful hydro-
carbons of an oil spill may be carried and deposited miles fromthe
accident adversely affecting the biota there.

A synopsis of the experinental variables are shown bel ow.

L. ‘Tenperature. - probably two will be considered; one
possibly being the average yearly tenperature of the
Gul f of Alaska.

2. -Salinity - three or four solutions wll be considered
here starting with distilled water and increasing,
salinity to that of sea water.

3. Sedinent size - possibly two size fractions will be
considered; if the nature of the sedinent permts,
the two nmost conmon sizes of suspended sediments will
be studied.

4. Hydrocarbons - “one from each of the-four classes of
hydr ocarbons of petrol eumal kane, cycloalkane, aromatic,
naptheno-aromatic.

5. If time permts, the affect of a surfactant” on absorp-
tion will also be studied as it may hinder or enhance
absorption.

6. M xing turbul ence - hydrocarbon absorption may be a

function of mxing turbul ence.

7. Mneralogy of sediment - absorption may be a function
of mneralogy of the size fraction.

8. Contact ‘time - nust be |ong enough for steady” state.



OCS COCORDI NATI ON OFFI CE
University of Al aska

ENVI RONVENTAL DATA SUBM SSI ON' SCHEDULE

DATE :  Decenber 31, 1975
CONTRACT NUMBER:  03-5-022- 56 T/ O NUMBER 5 R.U. NUMBER 275/ 276/ 294
PRI NCI PAL | NVESTI GATOR:®  Dr. D. G Shaw

Subm ssion dates are estimated only and will be updated, if

necessary, each quarter. Data batches refer to date as ident-
ified in the data nmanagement plan.

Crui se/Field Operation Col l ection Dates Esti mated Subni ssi on Dates ()
From To Batch 1 2 3

Silas Bent Leg | #811 8/ 31/ 75 9/ 14/ 75 None 3/31/76 3/31/76

Di scoverer Leg Il #810 9/12/75 10/3/75  None None 3/31/76

Di scoverer Leg IV #3812 10/3/75  10/16/75 6/30/76  None 3/31/76

Surveyor #814 10/ 28/ 75 11/17/ 75 None 6/30/76  None

North Pacific 4125175  8/7/75 6/30/76  None None

Contract 03-5-022-34 Last Year 4/30/76  4/30/76  4/30/76

Not e: () Estimated subm ssion dates are contingent upon final approval

of data management plan submitted in draft formCct. 9, 1975

and University of Al aska approved form Nov. 20, 1975 to NOAA

No format for data submission is necessary as per data nanage-
nment plan.
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0CS COORDINATION OFFICE
University of Alaska

ESTI MATE OF FUNDS EXPENDED -

DATE: December 31, 1975
CONTRACT NUMBER: 03-5-022-56
Task ORDER NUMBER: 5

PRI NCI PAL | NVESTI GATOR Dr. David G Shaw

Period April 1 - Decenber 31,

Total Budget Expended
Sal aries & \Wages 1057,577.00 26, 452. 64
Staff Benefits 17,948.00 2,104. 66
Equi pnent ,135,300.00 119, 544, 91
Travel 6.,004.00 1,432. 26
Ot her 106,100.00 93, 641. 65
Total Direct 370, 929. 00 243.176. 12
I ndirect’ 60,391,00 15, 130*. 91
Task Order Total 431,320.00 “ é5l8, 307.03

* Prelimnary cost data, not yet fully processed.

1975* (9 mos) -

Remai ni ng.
79, 124. 36
15, 843. 34
15, 755. 09

4,571.74
12,458.35

127.752.88

- 45, 260. 09
173,012. 97



ANNUAL REPORT

M CROBI AL RELEASE OF SOLUBLE TRACE METALS
FROM O L | MPACTED SEDIMENTS

Contract # 03-5-022-56

Research Unit # 278

Reporting Period 4/1/75-3/31/76
Nurmber of Pages 7

DR. ROBERT BARSDATE

Institute of Marine Science

UNI VERSI TY OF ALASKA

March 31, 1976
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II.

MICROLIAL RELTASE OF SOLULLYE TRACE METALS FROM OIL LIMPACTLEDR SLDIMENTS

This project is an investication of the peozsible vemohilization

The initial results

of trace metals from crude
of 1ab0rat0ty experiments surzest that the coppey concentration of
sediment‘pdre water may increase following the addition of oil, and
tentatively the effect is ascribed to the occlusion of trace metal

binding or exchange sites bv components of the oil.

Introduction
This work has been undertaken to deternine the polential for

11

release of soluble trace metals following the il of marine

sediments. The object of the work is to determine by tiie use of
exnerimental laberatory technicues whether or not changes in the councen
tration Of dissolved trace metals in the interstitial waters ofsediments
are likely to occur as a result of introduction of crude cil. A

further objective is to relate such metal changes tc variations in

m crobi al activity or other biological Or chemical perturbations taking
place Within the sediments, If dissolved metal concentrations I NCrease

in sediment pore waters followinz O0il spills, benthic organisms may be

affected adversely. In addition in continental shelf waters and other

Shal | ow wat er regimes, the possibility exists that Increased trace

metal levels i N sediment POre waters will be reflected as i NCreases in
trace metals in the open waters above, potentially disturling the species
composition und‘productivity of plankton algae and inhibitiﬁg the

development of sensitive growth stapes of certain zeoplankters.
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Currceot State of Konevledpo

The aisselved trezce netal level dn sediment pore water is get

Lareoly by reccotion with solid phagces, pyraohaps tic

most iwportond o Ay dnseluble metal corvounds s
sorption/ion exchanze sites on o variety of surfaces including clay

minerale, Livdvous roiol osndldes, and ory deryitus.  Displacorent of

dircct ov indivect coffecte of ¢il weuld tend to increase Lhe concontration

of metals dn soluticn. In additicn selubie metal-complewing compowids
moy react vith frace netals and further Increarse their concentration in

ivterstitial wators, Thnse cempleres mny be relevant Lo oil spill
impact since wicrecrparicms are davolved in the prot

of crpanic complenes and since beth the

iiercebial activity is perturbed by oil.

3

in this worh were collected non a 1975 Tlscoveker

cruice in the Bering Sea, and additional detirital wmaterial was collected
at Izembelk Lapoon, en embayment of the Bering Sea. iowever, in large
part this is a process study which may have relevance to impact in
many marine locations.
Sources and YMethods

The primary activity of this study has Leen to foellow the
distributicn and/or abuudance of metals with tire in swall experimental
containers (with defined conditicns of temperatuve, pli, and other
cnvironmental pararcters) to which oil has been added.  ‘lwo principal
analytical methedoloeies have been employed. The first, a radieisotope
tracer technique, is being used to determine the distribution of

exchangable trace retals between scdimeants and water The second
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analytical technigue is anodic stripping voltamesiry, which is a

sensitive nethod for the determination of the ohundance of cadmium,
copper, lead, and zine. In this work it has been used with chewmical
pretreatment for the determinaticn of tetal disselved wmetals, and it

also 1s suitable for the study of organic complexing agents. In some

bial activity will Le estirated by changes in dissolved

experiments micro

EY

[

ized systems) or producticn of su

J

oxyveen (in oxi fide {rom radicactively-
labeled sulfate (in reduced systems).
Vi, VII Results and Diécussion
Since a great ceal of effort has been required for the development

and implementation of the techinicues, relatively little output is yet

available fyom this study. The results ¢f the first "production

exﬁerimen‘s using ancdic styipping velta
are presented in Table 1. In this experiment copper increased from C.4
to 3.5 ug Cu/l one doy after the additicn of sediment and decreased
slightly to 3.4 ug Cu/l after seven days. In a sarallel set of experiments
to ﬁhich a small amount of o0il had been added, the copper concentrations
increased to 3.9 ug Cu/l. Although the increase is swmall (13% over
control's) , the difference is Statistically’ .sipnificallt. Since the
oi |- induced increase :in copper concentration appeared within tne first
day of the experiment and remained nearly constemt after seven days, it
appears likely that abiotic chemical processes rather than micrebial
processes arc invol ved.
VI1i. Concl usions
The initial results of this project indicate a distinct but small

increase in total dissolved copper folloving the addition of oil to

wat er-sedincnt  systems. Since the increcase appears within twenty-four
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Table 1. Effects of Prudhoe Bay crude on thecopper concentrations in
wat er - sedi ment experinental systems containing lg(wet  weight)
Bering, Sea sediment_azund 100 ml sea water.

0il Added Di ssolved Copper (ug Cu/i) at various times
Flask (cc/g sed) Initial? 1 day 7 days
1 0 0.4, 0.4 3.5, 3.5 3.5, 3.3
2 0 0.4, 0.3 3.6, 3.2
3 0 0.3, 0.5 3.3, 3.4
4 0.1 0.3, 0.4 3.8, 4.1 3.8, 3.8
5 0.1 0.5, 0.4 3.6, 3.9
6 0.1 0.4, 0.4 4.1, 4.0

#Prior to addition of sedimentsoroil.



IX.

~hours, the most likely but highly tentative conclusion is that the oil

has occluded trace metal sorption/ion exchange sites .on the Ssedi nent
particles. The work is in too early a stagpe to perwit any meaningful
conclugions cencerning the generality of the results or the potentizl
for environmental perturbation.
Needs for Further Study

A substantial amount of further work already is covered in the
context of this project, an& hopefully by itg termination considerably
more insight will exist as to the nature and extent of trace metal
perturbations induced by oil, However, it should be noted that the
project originally emphésized_the investigaticn cf trece netal effects
induced by micrcbial activity, and the initial results stromgly suggest
that other, probably physicchemical, processes are active and also
must be considered. It is guite possible that cdefinitive results will
not be achieved within the context Of this present Srlall-seal.e study.
Summary Of 4th Quarter Cperations

The major objectives for this quarter were to carry cut the
first production runs fer the nmeasurenent of dissclved trace metals in
water-sedirent Systems With and without G| enc te initiate radiotracer
studies of simlar systems. This first aspect was done Wi th anodic
stripping voltammetry, and the results fOr copper have been presented
above . Cadimum and lead determ nations al so were done for the same set
of experiments, but this information has unot yet been processed. In all
approxi mate.ly 100 individual anal yses were mace. Preliminary experiments
to determ ne the distribution Of trace netals between Water and sediments

have been carried out using cadimum 109 as a radiotracer. No ship or

field activities were schedul ed for this quarter.
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0CS COORDI NATI ON OFFICE
University of Ala ska

ESTIMATE OF FUNDS EXPENDED

DATE March 3S, 1976
CONTRACT NUMBER: 03-5-022- 56
TASK ORBER NUMBER: 1

PRI NCI PAL INVESTIGATOR: Dr. R J. Barsdate

Period April 1, 1975 - March 31, 1976* (12 npDS)

Total Budget Expended Remajning
Salaries & \Mges 8,233.00 749.50 7,483.50
Staff Benefits 1, 383. 00 127. 42 1, 255. 58
Equi prent 2,500. 00 1, 064. 96 1,435.04
Travel 1, 300. 00 -0- 1, 300. 00
Qt her 3, 300. 00 526.90 2,773.10
Total Direct 16, 716. 00 2,468. 78 14, 247.22
| ndi rect 4,709.00 42,8.71 4,280.29
Task Order Total 21,425.00 2,897.49 18,5, 27.51

*prelimnary cost data, not yet fully processed.
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Following is part 2 of the quarterly report R.U.# 278 for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July- September 1975,

therefore-is included here.

r— ——

l" LJ



UNI VERSITY OF ALASKA NEGOA

FAIRBANKS. ALASKA 99701

January 20, 1976

Dr. Herbert E. Bruce
OCSEAP Project Ofice
P. O Box 1808

Juneau, Alaska 99802

Ref er ence: Contract Nunber 03-5-022-56

Dear Herb:
Enclosed is the quarterly report for the period ending Decenber 31, 197S

for Task Order #7.

Donalid H. Rosenberg
COCS Coordination Ofice

DHR/brm
Enc.

cc: Dr. J. Robinson - w enc
Dr. G Weller - wen ¢
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OCS COORDI NATI ON OFF1CE
University of Al aska

Quarterly Report for Quarter Ending December 31, 1975

Project Title: M crobial Release of Soluble Trace
Metals from QI -1npacted Sedinents
7
Contract Nunber: 03-5-022- 56 1‘/} %
Noeh
Task Order Number: 7 ORENSE T
Principal Investigator: Robert J. Barsdate ‘

IT.

Task Onjectives

The principal goals for this quarter have been to assenble the
equi pment and apparatus for the major experimental work and .to
initiate pilot runs to verify the feasibility of experinental
design, checking such things as adequate sensitivity and freedom
fromartifacts such as oxygen |eakage and trace netal contam -
nation.

Field Activities
As stated in the previous quarterly report, the present sanple
inventory appears adequate, and no additional field activities
appear justified.

mResul ts

A Trace Metal Determ nations

In a set of prelimnary experinments without oil, trace
metal release from Bering Sea sediments was investigated
using various water/sedinent ratios. As had been
anticipated, the experinental work, as-far as trace netals
are concerned, can be carried out over a wde range of

wat er/ sedi ment ratios; therefore, the water/sedinent ratios
to be enployed in the final work can be set to optimze the
results of the sediment respiration neasurenments, which
will be carried out parallel to the trace netal work.
Ooviously the potential for contam nation always is present
in low level metal analyses, but no specific problenms were
detected in this work.

B. Sediment Respiration

The oxygen probes ordered over three nonths ago have not
arrived as yet, and, since it will Dbe necessary to start



the oxygen work soon i n order to stay on schedul e, several.
al ternatives have been examined. They arc: (1) the use of
a different style probe, which currently is available
Wi thin IMS and can be borrowed “for this work; (2) the use
of | aboratory-fabricated mcroprobe with the polarographic
instrumentation now available in this laboratory; or (3)
restriction of the work to Winkler titrations for oxygen.
Any of these alternatives would be adequate for the work
at’ hand, but all do involve some minor negative factors.
If the originally ordered probes do not arrive shortly,
one of the alternatives will be chosen and inplenented

Probl ens Encountered

The oxygen probe probl em ha s been identifidd and provisions have
been made for alternative“action, as noted Rhove. A possible

problem rel ated to the/Joss of facilities wjth the progranmed
| aboratory move has nbt yet been resol ved.
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OCS COORDINATI ON OFf1CE
Uni versity of Al aska

ENVIRONMENTAL DATA SUBM SSI ON SCHEDULE

DATE:  Decenmber 31, 1975
CONTRACT NUWVBER: 03-5-022-56 T/ O NUMBER: 7 R.U. NUMBER: 178
PRI NCI PAL | NVESTI GATOR: Dr. Robert J. Barsdate

No environmental data are to be taken by this task order as

indicated in the Data Managenent Pls&) A schedul e of sub-
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7
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4,709. 00 429. 59
21, 425. 00 2,292.27
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ANNUAL REPORT FOR RESEARCH UNIT 332
April 1, 1976

SUMMARY OF OBJECTI VES, CONCLUSI ONS AND | MPLI CATIONS W TH RESPECT
TO OCS 0IL AND cAS DEVELOPMENT

The main purpose of this investigation is to obtain baseline data
on the present health status of demersal fishes in waters near Alaska’'s
Oyter Continental Shelf so that future environnmental effects of oil
expl oration and devel opnent in these areas can be evaluated. The
principal criterion of fish health being enployed is the frequency of
external Iy visible pathol ogi cal conditions. In addition, the histo-
pat hol ogi cal and m crobi ol ogi cal properties of each major disease are
being characterized. The geographical areas included in this work are
the Bering and Beaufort Seas, and the Gulf of Al aska.

During Septenber and Cctober, 1975, about 30,000 bottom-dwelling
fish fromthe Bering Sea were examned for diseases. The three nost
commonl y observed di seases and their frequency of occurrence were (1)

epidermal papillomas of rock sole (Lepidopsetta bilineata), 1.0% (2)

lymphocystis Of yellowfin sol e (Linmanda aspera), 2.1%; and {3) epidermal

tunors of the pseudobranch of adult Pacific cod (Gadus macrocephalus),

7.4%. Both the appearance and the histol ogical characteristics of
epidermal papillomas ONn rock sole resembl ed those found on several
species of flatfish in Puget Sound, Washington. The frequency of tumor-
bearing rock sole ranged from 0-232, wth the highest occurrence at
sanpling stations around the periphery of the Bering Sea in water depths
of 20-30 fathons. The virus-caused lymphocystis | esions were always on
the “blind” side fins and skin surfaces of yellowfin sole, the |argest

| esi ons being found on the operculum, and the nmost common site of



infection was the pectoral fin. The frequency of lymphocystis was
0-15% wth a gradual increase of incidence fromthe northern to
southern sanpling stations.

The Pacific cod tumors were always bilateral, and contained
remants of normal - appearing pseudobranch tissue on the surface or deep
inside the tunors. Portions of some tumors were necrotic and |iquefied.
Tunor-bearing adult cod were nost commonly found in the south and south-
eastern Bering Sea.

A major inplication of these data is the need to nonitor patho-
| ogi cal abnormalities of demersal fishes in near-shore areas of the
Bering Sea. The 1.0%frequency of tunors in Bering Sea rock sol e appears
to be a value expected in older fish near an area where the preval ence
of tumors woul d be quite high (25-50% anong younger fish of that
species. In the case of rock sole, young fish are found in the shallow,
near - shore waters.

Lymphocystis has never before been reported to occur in narine
fish on the northern Pacific coast of North America. Although the
causative agent is known to be a virus, and can be transmtted in the
| aboratory to both nmarine and freshwater fish, the mechani sm of natural
transmssion is not known. Environnental factors, such as |ow salinity,
hi gher tenperature, suspended sedinents, and other factors which affect
natural disease resistance, are thought to influence the preval ence of
the disease. Al of these conditions are nore common in near-shore

areas and estuaries.



| NTRODUCTI ON

A

General nature and scope of study

Acconpl i shment of the goals of this study depends upon close
cooperation Wi th persomnnel perform ng resource assessment investi-
gations Of demersal fishes in Al askan waters. As fish are captured
and processed by these investigators, menbers of our unit exam ne
the sanples or subsamples of fish for pathol ogical abnormalities.
In addition to recording biological data and the types and frequencies
of abnormalities, affected fish and nornal —appearing fish of the sane
species and age are subjected to techniques designed to better
characterize each disease and to provide evidence for their cause(s).
These procedures include the isolation and study of disease-associated
m croorgani sms (e.g. , bacteria, fungi, and viruses), and the deter-
mnation of the gross and histopathological properties of the fish
and affected tissues.
Specific objectives

The specific objectives of this investigation include the
following: (1) Determne the frequency of each major type of patho-
| ogi cal condition in demersal fishes in the Bering and Beaufort Seas
and Gulf of Alaska; (2) Establish the distribution of each disease in
Al askan waters sanpled; (3) Define the histological features of each
di sease by exam ning tissues fromlesions, associated nmajor internal
organs and bl ood, using procedures designed for light and/or electron
m croscopy; (4) Isolate disease-associated mcroorganisns fromlesions
and internal tissues, use taxonomc tests to identify them and
determne if any mcroorganismis disease specific; and (5) Conpare
thel ength, weight, age, and sex frequencies of diseased fish with

those of normal -appearing fish of the same species.
&4
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C. Relevance to problens of petrol eum devel opnent

The research to be described in this report is relevant in

two main ways to understanding the effects of petrol eum devel opnent

on the marine animals in the waters of Al aska's Quter Continenta

Shel f regions.

The nost inportant contribution is to provide baseline data on

the health of demersal fish prior to the time when the environnenta

i npacts of oil drilling occur so that future effects of oil on fish

can be assessed. Also, know edge of the possible causes of patho-

| ogi cal abnormalities in demersal fishes will provide a clearer

under standi ng of the ways in which exposure of a fish to oil could

affect the frequency of a particular disease. For exanple, petroleum

may cause pathol ogi cal abnormalities through the action of toxins or

carci nogens (Kuhnhold, 1972; Mrrow, 1974) or indirectly by |owering

the resistance of fish to disease agents.
CURRENT STATE OF KNOWLEDGE

Very limted know edge is presently available concerning the pathol ogy

of fish species in or associated with the Gulf of Al aska and Bering and
Beaufort Seas. Because our investigation is concerned primarily with
di seases which produce externally visible pathological conditions, this
literature review will enphasize diseases of marine fishes in the Northern
Hem sphere with obvious synptoms and/or in which the disease-causing
organisns is readily detected. At least eight different agents or
factors are known to be responsible for diseases of these types. They

are as follows: (1) bacteria, (2) fungi, (3) protozoa, (4) helminths,

s
~t

o~



(5) copepods, (6) viruses, (7) environmental factors, and (8) genetic
anomalies. In addition, neoplasia Or hyperplasia may be caused by one

or nmore of the above.

The bacterium Vibrio anguillarum, iS known to cause red, henorrhagic

skin lesions and in nmany cases death in several groundfishes, including
cod , eels, and pleuronectides (Ljungberg, 1963; Buckman, 1952; Hodgki ss
and Shewan, 1950). Qher groups of bacteria, such as the pseudononades
and mycobacteria, are reported to cause ulcerated skin, fin erosions,
and various other |esions (Zobell and Vells, 1934; Hodgkiss and Shewan,
1950; Mahoney et al., 1973).

Fungi are not known to be a widespread cause of marine fish diseases.
They have been shown to cause epizootics anmong herring in the Northwest
Atlantic. The disease results in extensive hyphal growh in the internal

organs and nuscles. The genus Ichthyophonus i S nost comonly isol ated

from fungal disease (Sindermann, 1966).

Protozoan parasites infest a great many bottomdwel ling fish al ong
the Pacific coast of North America (Margolis, 1970). The presence of
t hese organi sns does not always result in pathological damage to the host.
Myxosporidia, however, are known to cause a condition in fish nmuscles
referred to as “mlkiness.” Several marine fish species are affected

including halibut (Hippoglossus stemolepis), starry flounder (Platichthys

stellatus) , and Hake (Merluccius productus) (Margolis, 1953; Patashnik

and Goninger, 1964). In nost cases the disease is not obvious in
freshly captured fish, but the condition can be readily detected after
the affected fish have been refrigerated for 4-24 hrs. During this

period, proteolytic “enzymes present in the spores, when released into
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nuscle tissue, are thought to cause foci of softened and liquefied
muscl e in which cysts containing spores can be m croscopically
observed

Anot her group of protozoans, the microsporidia, form easily detected
cysts or “tunors” in the somatic nuscles of many groundfishes. Menbers
of the famlies Gasterosteidae, Zoarcidae, and Gadi dae have been reported
with this disease (Wissenberg, 1921; Nigrelli, 1946; Polzanski, 1955).

The helminths, including trematodes, cestodes, and nematodes, produce
di sease synptonms in marine fish in greatly varying degrees. Trematode
speci es have netacercariae which formcysts under the skin, but are
thought not to cause serious disease (Wl fgang, 1954). Cestodes have
been reported in several fishes in Canadian Pacific waters (Arai, 1967).
The larval cestodes may be found in the nuscul ature, but few gross patho-
| ogi cal problems have been observed. TLarval nematodes are present in
the muscles of a |arge nunber of marine species (Scott and Martin, 1957,
Tenpleman et al., 1957). In some cases, pathol ogical damage results from
the novenent of these larvae to other parts of the fish; for exanple, the
liver may becone heavily infested and dysfunctional

Many copepod species attach to the gills and body surfaces of a wde
variety of marine fishes in the northeastern Pacific COcean (Arai, 1969).
Some of these parasites are able to invade internal organs, such as the
heart (Mann, 1954), and sone cause skin ul cerations.

Anot her type of disease found in Al askan waters is characterized by
the presence of tumors. The two nost frequently reported types of neo-
plasia are epidermal papillomas Of pleuronectid fishes, and pseudobranchial

tunors of cod. The causes of these tumors are not yet known. Papillomas



were identified on large nunmbers of starry flounder and Arctic flounder

(Liopsetta glacialis) in waters of the Aleutian Islands in 1886 (Turner,

1886) . Frecuency Of papillomas of about 32% was found in sand sole

(Psettichthys melanosticus) in the Northern Hecate Strait of Canada in

1965 (Nigrelli et al., 1965). Recently, several rock sole with papillomas
were captured in the Bering Sea by a National Marine Fisheries Service
vessel (Johnson, 1974).

Ni ne species of Pleuronectidae have been reported to have papillomas
in Puget Sound, Washington (MIler and Wellings, 1971; McArn and Wellings,
1971; Wellings et al., 1969). The life history and histopathology of the
di sease have been characterized (Brooks et al., 1969; Wellings et_al..,
1967) . The cause of the disease has been investigated, but no causative
agent or factor has yet been determ ned (McCain, 1974; Wellings, MeCain
and Mller, 1976).

Pacific cod With adenomas and/or adenocarcinomas associated with the
pseudobranch have been captured in the Bering Sea (Weber, 1975), and in
the coastal waters of British Colunmbia (Levings, 1968; Wellings, 1969).

In a recently conpleted study of commercially caught Pacific cod from
various fishing grounds off British Columbia, Forrester (1976) reported
finding an average frequency of pseudobranchial tunors of 3.6%in about
110,000 fish examned. These tunors can beconme quite large (6 x 3 cm
and are readily recognized. Simlar tunors have been found in walleye

pollack (Theragra chalcogrammas) (Takahashi, 1929), a fish comon in

Al askan waters, and in Gadus morhua near nNorway (Lange, 1.973).
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IV.

O her types of neoplastic diseases are likely to be found in Al askan
groundfishes. For exanple, lipo-osteomas, fibro-osteomas, and fi bromas
have been described in Pacific halibut from Al aska (Wellings, 1969).

Few virus—caused diseases have been reporte! in Al askan narine
fishes. A disease which is present in other marine waters of the
Northern Hem sphere i s lymphocystis (Wi ssenberg, 1965). This disease
takes the form of nunerous nodul es on the body surface. The nodules are
conposed of giant connective tissue cells. Species affected include
many nenbers of the Pleuronectidae famly.

Another virus with approximately the sanme geographical distribution
and physical properties as lymphocystis virus has been recently found
near British Colunbia (Evelyn, 1976). The virus is called piscine
erythroyctic necrosis virus and was found in Pacific herring (Clupea

harengus pallasi) and chum (Oncorhynchus keta) and pink sal non (0.

gorbuscha) . Diseased fish were lethargic, had | ow hematocrits, and a
hi gh percentage of the red blood cells had cytoplasmic inclusion bodies.
STUDY AREA

Proposed Study Area.. The originally contracted study areas were

the Bering and Beaufort Seas and the Gulf of Alaska.

Areas Studied. During 1975, the Bering Sea was studied. Efforts

were made to exanine fishes fromthe Beaufort Sea, but due to severe
ice conditions in this area few fish sanples were available.
SOURCES, METHCODS AND RATI ONALE OF DATA COLLECTI ON
A. Field Procedures
Demersal fishes captured by otter traw were distributed
according to species into baskets. The fish in these baskets were
then exanined by nenbers of R.U. 332 for the presence of externally
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visible pathological abnormalities. In addition, subsamples of
fish were routinely autopsied for internal pathol ogy. D seased
fish were speciated, measured, weighed, sexed, photographed,
autopsied, aged by exam nation of otoliths, and the abnormalities
recorded. Pertinent catch data were also noted; including haul
nunber, location, and bottomtype. For each haul, the preval ence”
of each type of disease was recorded.

Aut opsy procedures included the taking of specinens for histo-
pat hol ogi cal, bacteriological, virological, and hematological
exam nations.  Tissues to be subjected to histological procedures
were preserved in 10% buffered formalin and/ or 2% glutaraldehyde
for light and electron mcroscopy, respectively. Bacteria were
isolated by inoculating Petri dishes, containing either trypticase
soy agar (TSA) or oOrdal's seawater cytophaga agar (0SCA), wWith
fluid or tissue obtained with sterile probes, swabs, syringe and
needl es, or forceps. The resulting bacterial colonies were purified
and stored in tubes containing 0CSA. For wvirological tests, fresh
tissue was cut into small pieces, placed in glass anpules, and
frozen in liquid nitrogen. These sanples will then be inocul ated
onto fish cell cultures in order to detect viruses. Blood snears
were prepared from each autopsied fish, and will be examined for
the presence of abnormal cell nunbers and types, and parasitic
organi sms of the circulatory system

In addition, diseased fish captured by the chartered vessel, Rr.v.
Oregon, were frozen and returned to the NyFC, Seattle. The fish
were thawed, photographed, neasured, sex determned, and the disease
signs were noted. Due to the fact that these fish were frozen.,

hi stol ogi cal and m crobiol ogi cal tests could not be perforned.



Laboratory Procedures

Tissues to be examned by light mcroscopy for histopathology
were enbedded in paraffin, sectioned with a microtome, and the
sections were stained by a variety of methods, including hematoxylin
and eosin, Ol-Red-O Sudan black and Masson’s trichrome. M cro-
scopi ¢ exam nation of sections from diseased tissue and major organs
allows for determnation of abnormalities of tissue structure, the
types of cells involved, and the presence or absence of intra- or
extracellular m Croorgani sms.

Tissue to be exam ned by the electron mcroscope which had been
previously preserved in 2% glutaraldehyde was treated with osm um
tetroxi de, dehydrated in absolute ethanol, enbedded in Spurr's Low
Viscosity Epoxy Resin and sectioned on a MI2B Dupont-Sorvall
mcrotome. Sections were examned with either a Ziess EM5 or an
AEI-EM801 el ectron mcroscope. Examination of tissue in this manner
allows detection of intracellular damage, identification of disease-
specific cells, and observation of virus particles.

Mcrobiology. Bacterial and fungal isolates collected in the

field were returned to the laboratory for further testing. Tests
were performed to define the major taxonomic properties of each
isolate with the intention of eventually conducting pathogenicity
tests on organisns routinely isolated froma particular disease.
Pathogenicity tests will be conducted by injecting mcroorganisns
into test fish of the same or closely related species as the

original host.

-
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Tests used to classify the bacterial isclates included: Gram
stain, oxidase test, determnation of motility by hanging drop and
motility nethods, colony characteristics (shape, color), and
met hyl red and Voges—Proskauer tests. Tests using special growh
nedia were also used, including Triple Sugar Iron nedium and sugar
utilization media.

Virus isolation procedures were initiated by freezing fresh
tissue sanples in liquid nitrogen (-196°C). The frozen sanpl es
were delivered to the NWFC | aboratory at Seattle where they will
be honogeni zed and inoculated onto fish cell cultures. Fish cell
cul tures derived from English sole and chinook salnmon tissue are
presently being maintained in the laboratory. Additional cultures
will be initiated fromrock sole, yellowfin sole, and Pacific cod
fromthe Bering Sea during the 1976 sanmpling period. Efforts to
obtain cell cultures fromthe species in which the major diseases
were found are notivated by the apparently strict species-specificity
of these abnormalities. For exanple, lymphocystis was found only
in yellowfin sole, and the virus, which is the etiological agent
of this disease, wll nost probably infect only cells from yellowfin
sole. Qher strains of the lymphocystis virus have been shown to be
hi ghly species-specific. Serumneutralization tests wWill be perforned
with the Bering Sea lymphocystis virus to determine the strain

type invol ved.

Biological Data Analysis. For each major pathol ogical condition,

the available hiological data, including species, length, weight,
sex, and age, were conpiled and conpared to data for the total

popul ations.  Length frequencies, sex ratios, and |ength/weight and

Q9
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age/length rel ationships of diseased and nornal - appearing fish
captured in 1975 were plotted in graphic form and trends and
differences were noted. After conpletion of the 1976 sanpling, all
data will be put on conputer cards and the above nmentioned conparisons
wi Il be analyzed using appropriate standard statistical methods,

such as the Chi-square test, analysis of variance, regression

anal ysi s, and covariance tests.

By comparing the biological characteristics of nornmal fish and
fish with pathological abnormalities, the growth and survival rates
of affected individuals will be better understood. [In addition,
such conparisons may better define sone of the behavior patterns of
affected fish, especially with respect to interactions wth nornal
fish of the same age, and could provide insights into possible
nodes of disease transm ssion.

VI. RESULTS
A Field Activities

Menbers of our research unit were aboard the R.Vv. MIler Freenman

from Septenber 8 to Cctober 24, 1975 during its sanpling cruise in
the Bering Sea. Catches of demersal fishes were exam ned for patho-
| ogical abnormalities. In addition, sanples of diseased fish
captured in the Bering Sea were received fromthe R.V. Oegon.

R.V. MIler Freeman. Approximtely 30,000 demersal fish,

representing about 25 different species, were examned. Rock and
yellowfin sole, and Pacific cod were each found to have a significant
pat hol ogi cal condition (Table I) while the remaining 22 species were

found to be essentially free of external evidence of disease (Table 11).
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Rock sole had skin tunors, known as epidernal papillomas, in
1.0% of the rock sole examined. The disease frequency for each haul
ranged fromOto 23% with the highest occurrence at sanpling stations
around the periphery of the Bering Sea in water depths of 20 to 30
fathoms (Fig. 1).

The turmors were uswally partially elevated, pignented (gray to
brown), with a cauliflower-like surface (Fig. 2). They varied in
size from2.5 x 3.1 x 0.8 cmto 9.1 x 6.0 x 1.0 cm  Tunor-bearing
fish ranged in length from120 nmto 470 mm.

The ages of papilloma-bearing fish ranged from3 te 11 years.

The age distribution of tumor-bearing males and fenal es was bimodal,
with peaks at 9 to 10 years and 5 to 6 years. This distribution

m m cked the age pattern of normal female rock sole, but was signifi-
cantly different fromthe age distribution of the normal males. Five-
year old normal males were the nost nunerous, with the frequency of

mal es of ages 6 to 10 years decreasing gradual ly. However, there

were no tunor-bearing 7 and 8 year old nmale rock sole.

In haul's where sex and |ength of both tunor-bearing and nornal
rock sole were conpared, 64% of the tunor-bearing fish were males,
conpared with 50% nales for all the rock sole. In addition, the
| engths of tunor-bearing nales and females did not correspond with
that of the total sanple population (Fig. 3). Relatively fewer fish
of intermediate length (23-29 cm had tunors, while the smaller
(16-22 cm or larger (30-36 cm) rock sole and nost of the ‘largest
mal es had tunors. Prelimnary exam nation of length/age data suggests
that both nmale and femal e tunor-bearing rock sole were 2 to 4 cm

shorter than normal rock sole of the same age.
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Lymphocystis was detected only in yellowfin sole at a frequency
of 2.1% A range of O to 15% was observed for each haul, wWith a
gradual increase in prevalence fromthe northern to southern sanpling
stations (Fig. 4).

The principal signs of this disease were growths which were pink
to red, ovoid, from1l to 25 nmin maxi num di nensi ons, and conposed of
abnornal |y | arge hypertrophied cells up to 2 nmmin diameter (Fig. 5).
Lesions were always on the blind side fin's and skin surfaces,. the
| argest growths being found on the operculum, and the nost conmon
site of infection was the pectoral fin.

The length frequency of yellowfin sole fromthe total sanple
(both nornmal and diseased fish) showed a bimeodal distribution with
maxima at 16 and 24 cm indicating the presence of two dom nant age
groups.  Yellowfin sol e W th lymphocystis had a length frequency
whi ch corresponded to the large Iength group.

Approxi mately 7.4% of the adult Pacific cod captured by the R.V.

Miller Freeman had tunors of the pseudobranch. The tumor frequency

per haul varied from O to 100%Z, and tumor-bearing cod were nost
commonly found in the south and southeastern Bering Sea (Fig. 6).

The cod tunors were lobulated, SnMDOth, pale yellow t0O yellow-
pi nk, and nmeasured 1.5 x 1.0 x 0.8 cmfor the snallest tunors to
4.5 x 3.5 x 2.0 cmfor the largest (Fig. 7). Portions of sone tunors
were necrotic and liquefied. The tunors were always bilateral, and
usual 'y contained remants of nornal-appearing, dark-red pseudo-

branchial ti ssue on the surface.
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Ot her pathological abnormalities which were observed to oc cur

in two or nore fish included "green liver disease. ” found in Pacific

pollock (Theragra chalcogramma) . and "ulcers and boils” disease,

seen in Pacific cod. The former atnormality may Or may not be

pat hol ogi cal and is being investigated in the same manner as the

above nentioned diseases. The “ulcers and boils” disease was

characterized as a type of epiderzal hyperplasia with focal necrosis.
R.V. Oregon. As a part of resource assessment studies by the

R.V. Oregon in the Bering Sea during the summer of 1975, demersal

fish with obvi ous pathol ogi cal conditions were frozen and returned

to the NWFC, Seattle. Because large nunbers of fish were processed

daily by the crew of the R.v. Oegon, Llittle enphasis could be placed

on careful exam nation of every fish for disease signs. Therefore,

no di sease frequency data could be obtained from their collections.
Thirty-four rock sole with epidermal papillomas captured near

Amak |sland in August were delivered to the NWFC. N ne of the 34

had two tunors each, and the reminder had one. The tunors ranged

insize from2.0 x 220 x 0.5 em 0 5.5 x 7.5 x 1.0 cm wth an average

of about 3.0 x 3.0 x 0.7 cm  They ranged in length from 110 to 250 mm,

whi ch corresponded to otolith-determned ages of three to six years,

respectively. 0f the 43 tunors examined, 31 had spread to both sides

of the fish.

Two yellowfin sole wWith lymphocystis were al so received. Both
were” captured near Amak Island. The lesions were located on the

blind pectoral fins.

(2]
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Phot ographs were taken of all the above nentioned fish. Due
to the fact that the fish had been frozen, no histological, mcro-
bi ol ogi cal or hematological speci mens were taken.
Laboratory Activities

The two nain types of |aboratory anal yses perforned on speci mens
fromfish with pathol ogical abnornalities and fromnormal fish
i nvol ved histopathology and microbiol ogy. Mdst of the histopatho-
| ogi cal procedures were performed at the Department of Pathol ogy,
University of California, Davis; while the mcrobiological work was
done at the NWFC, Seattle.

Hi st opat hol ogy. Exam nation of sections of epidernal papillomas

denonstrated the typical papillary structure of the thickened |ayer
of epidermal cells supported by a branching fibrovascular stroma
(Fig. 8. A tunor-specific cell, known as an X-cell, was observed
in both the stromal and epidermal areas. Typical X-cells are
characterized as being larger than normal epidermal cells, and having
a pale nucleus, a large intense nucleolus, and granular cytoplasm

El ectron mcroscopic exam nation of X-cells showed that the
cytopl asm contai ned nunerous vesicular bodies (Fig. 9). The nucleus
contained a large nucleolus, and the chromatin-like material Was
evenly dispersed around the nucleus. This was in contrast to the
nor nal —appearing cells in the tunors which had generally even-
staining cytoplasm and a nucleus with chromatin condensed around
the periphery of the nuclear nenbrane.

Lymphocystis growt hs were packed with typical appearing hyper-
trophi ed lymphocystis cells (“Gant” cells) (Russell, 1974; Templeman,

1965) . The diameter of the cells ranged fromabout 0.10 nmto 1.0 mm.
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A variety of cytoplasmic inclusion bodi es were observed. One type
was usually centrally located and contaiped very dense, basophilic
material which, aswillbe described bel ow, contained aggregates of
virus particles (Fig. 10). Another basic type of inclusion had a
fibrillar structure and al so contained virus particles (Fig. 11).

The virus particles observed in lymphocystis cells were hexagonal
in shape and approximately 200 nmin dianmeter (Fig. 12). The virus
resenbl ed lymphocystis virus reported inother species of ple\:ur'onectids
(Wal ker and Weissenberg, 1965; Russell, 1974). Frequently, the virus
particles were in aggregates which contained a variety of nmaturation
fornms ranging fromirregularly-shaped capsids to hexagonal | y-shaped
enpty capsids to mature wvirions. Interspersed between the aggregates
were striated structures of, at present, unknown identity. Possible
identities include viral precursors, myofilaments, or collagen.

Al though the tunors of the pseudobranch of Pacific cod were clearly
pseudobranch~associated, the pseudobranchs were not the specific sites
of tumorigenesis. The tunors appeared to be derived fromthe epidermal
cell's overlying pseudobranchial tissue and were separated from the
nor mal —appearing gl andul ar tissue by a thickened connective tissue
capsule (Fig, 13). Thin bands of this stroma infiltrated the tunor
ti ssue and contai ned numerous small bl ood vessels.

Anot her inportant feature of the cod tunor was the presence of
X-cell-like cells (Fig. 14). As was mentioned above, X-cells are
tunmor-specific cells heretofore found only in epidermal papillomas
of flatfish. MNo X-cells were observed in tunor-associ ated pseudo-

branch gl andul ar tissue.
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Mcrobiology. Attenpts were made to isolate bacteria and fungi

from lesions ortunors and maor organs of fish with pathological
abnormality ies. Normal fish of the same species were also sampled in
orderto gai n know edge of the normal flora.

A total of 108 bacterial isolates were obtained. Using previously
mentioned taxonomic tests, the isolates were placed into 59 taxonomic
groups. Al groups except one were G am stain negative. Of the
Gram negative bacteria, 53 were rod-shaped and 5 were coceci. NO

Vibrio or Aerononas species were found. Mst of the Gam negative rods

were probably pseudononades.

No one taxonomic group wasroutinely isolated fromfish having
one of the three main fish diseases; papillomas, lymphoeystis Or
peudobranchial tunors. However, seven bacterial isolates from the saute
general taxonomic group were taken from five different Pacific pollock
with the previously mentioned “green liver disease.” These seven
i sol ates are pseudonobnades and are currently being subjected to
addi tional taxonomic tests. They will be conpared to isol ates obtained
from pollock captured in the 1976 crui ses.

No fungi were successfully isolated from diseased or normal
fishes, This fact does not inply non-existence of marine fungal
diseases in the sanpling area, however, as suspected fungal grow hs
fromsanpled fish failed to growin the growh nedia used on board.
Modi fi ed fungal isolation techniques will be conducted on future cruises.

Tissues to be used -in virus isolation procedures were frozen in
the field in liquid nitrogen, returned to the NWFC, Seattle, and

transferred to a -70°c freezer. Due to breakage of anpules while
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addi ng additional liquid nitrogen tothestorage container at the
Naval Station, Adak, Alaska, only a few anpules for each of the
three main di seases were received at the NWFC, Seattle.

Because of the apparently strict species specificity of
lymphocystis and cod pseudobranchial tumors, transmission of these
di seases nmay depend upon using fish or cell cultures of the affected
species or experimental hosts. Because of this possibility and the
few frozen sanples, attenpts to transmt these diseases in vitro were
postponed until after the 1976 sanpling cruises. During these cruises,
attenpts will be made to initiate cell cultures fromvarious tissues
(i.e., fin, gonad, etc.) of affected fish species.

Cell cultures presently being maintained and those initiated
during the cruises will then be used to detect potentially biologically
active virus in lymphocystic growths, pseudobranchial tunors, and
epidermal papillomas by methods described above,

DI SCUSSI ON

Each of the three major pathol ogical conditions found in demersal
fishes captured in the Bering Sea appeared to be very species specific.
Nevertheless , each of these conditions, epidermal papillomas, cod pseudo-
branchial tunmors, and lymphocystis, have been reported in other species,
either in Alaskan waters or in other areas of the Northern Hem sphere.
This and other aspects of each of these diseases will be discussed below.
A Epidermal Papillomas of Rock Sol e

The gro’ss pat hol ogy and histopathology of rock sole epidermal
papillomas were simlar to tunors found on pleuronectid fishes in
Puget Sound,Washington and other areas along the Wst Coast of the

United States (McArn et al., 1968; Wellings et al., 1976; Mearns and
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Sherwood, 1974). In Puget Sound, the tunor disease affects nostly
the early juvenile (Os) and one-year old fish (I's). The disease

is seasonal, with frequencies reaching as high as 50% in the fall

and winter anong young fish along the beaches, and decreasing to less
than 5% by late spring and early sunmer. “ This decrease in near-
shore areas is due in part to novenent of one-year old fish to

deeper waters. As the flounder grow older, the tumor frequency
continues to decline; in fact, tunor-bearing flounder over four-year
olds are extremely rare (MIler and Wellings, 1971; Angell et al .,
1975) .

Usi ng the extensive epizootiological data from Puget Sound as a
model system the 1.0% preval ence of papillomas on Bering Sea rock
sole, usually five years in age or ol der, suggests that younger rock
sole in shallow coastal waters of the Bering Sea may have quite high
tumor frequencies (25 to 50%) at certain times of the year.

An unusual aspect of the age group distribution of tumored rock
sole was the large nunber of fish 9 to 11 years old bearing tunors.
Approxi mately half of altunor-bearing rock sole were in this age
range. Also, the older age of the tunor-bearing fish may explain
why over 70% of the tunors had spread to both sides of the fish, and
why , in some of the oldest fish, the tunmors covered between one-quarter
and one-third of the total body surface area.

That the tunors had dramatic effects on the life histories of
affected rock sole is suggested by two types of evidence. Prelimnary
data suggest that tunor-bearing flatfish were shorter. Al so, in hauls

where both tunor-bearing and non-tunor-bearing rock sole were present,



nost of the larger nmale rock sole had papillomas, suggesting that
large, normal rock sole may nmove away fromthese sanpling stations,
| eaving the diseased, |ess conpetitive fish behind.

Besides the rock sole, two other species of pleurconectids are
known to have epidermal papillomas in Al askan waters, the starry and
Arctic f-ounders (Turner, 1886). Because very few starry flounder

and no Arctic flounder were captured by the R.V. Mller Freenan,

tunmors in these species were not detected.

The cause of flounder papillomas i S not known. Papillomas in
manmal s can be induced by viruses (Shope, 1935) and chemical carcinogens
(Lappe, 1968). So far, exhaustive efforts to isolate a virus from
papillomas of flounders from Puget Sound, or to transnit the disease
have failed (Wellings et al., 1976). Therefore, the possibility of
these tunors being caused directly or indirectly by chemical agents
or carcinogens has becone nore plausible. Petroleum oil (Zobell,
1.971) and netabolic products of some marine organisms (Nelson-Smith,
1972) are known to contain potent carcinogens.

Lymphocystis Of Yellowfin Sol e

Lymphocystis has never before been reported to occur in narine
fish on the northern Pacific coast of North Anerica. The disease has
been reported in other areas of the Northern Hem sphere including
the Eastern Grand Bank of North America, where 1% of captured Anmerican

pl ai ce (Hippoglossoides platessoides) were found with the disease

(Templeman, 1.965); and the Northeast Irish Sea, where between 2.4 and

33.3% of plaice (Pleuronectes platessa) and flounder (Platichthys

flesus) were infected (Russell, 1974; Shelton and Wilson, 1973).



Lymphocystis i s known to be caused by a virus (Wi ssenberg,

1965) which is a nenber of the group of viruses called icosahedral
cytoplasmic deoxyribonucleic acid viruses. The virus particles
observed by us in electron micrographs of cells from yellowfin
lymphocystis resenble very closely the nenbers of this group.

The mode of transmission of this virus is not known. The fresh-
water form of lymphocystis has been transmitted by injecting fish
subdermally With filtered tunmor hormogenates (Wl f, 1962). In the
marine environment, theories of disease transmission include: (1)
lymphocystis iS endemic, and fish are made susceptible by surface
abrasion (i.e., due to net damage, abrasion from sharp objects such
as rocks or animal spines), or by decreased mucous secretion; (2)
the virus is not normally present, but is associated with fishing
nets, suspended sediments originating in estuaries, or transmitted by
vectors, such as fish or invertebrates (Templeman, 1965; Shelton and
Wilson, 1973).

Because the lymphocystis lesions were always on the “blind”
side of yellowfin sole and usually located in the opercular region,
the method of viral t ransm ssion nmay involve invasion of virus nornally
present on the skin surface through abrasions caused by contact with
sharp objects on the ocean bottom If this interpretation is correct,
then environmental conditions, which could cause weakening of the
physical barriers associated with the skin of yellowfin sole, could
al so allow invasion by lymphocystis Virus.

Prelimnary exam nation of |ength frequency data showed t hat
yellowfin Sole W th lymphocystis had a length frequency which

corresponded to the average length of larger fish in the bimodally
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distributed normal yellowfin scle copul ations. This observation
suggests that either age dependent changes in behavior may make
this species nore susceptible to the virus, or that the ol der year
class may have been exposed to wmore Virus or environmental stress.
Pseudobranchial Tunors of Cod

Until our recent careful histological examination of well-
preserved pseudobranchial tunmors in Pacific cod fromthe Bering Sea,
they had been considered to be adenomas. However, our observations
denonstrated that the tunors originated from the epidermal covering
of the pseudobranchs. Therefore, the pseudobranchial tunors are a
type of epidermal tumor with sone simlarities to the epidermal
papillomas Of pleuromnectids.

Al t hough the pseudobranchial tunors do not have a papillary
structure of epidermal papillomas, they do contain cells which are
identical in appearance to X-cells, the tunor-specific cells in
pleuronectid papillomas. The validity of this observation has not
yet been, proven; but, if it is true, then a great deal nore may be
eventual |y learned about the cause and/or origin of both pseudobranchial
tunors and epidermal papillomas. For exanple, both types of tunors
may be caused by X-cells, which nay be single-celled parasites, or a
virus may cause both conditions and X-cells are a stage of virally
transformed cells.

Anot her clue to the cause of pseudobranchial tunors is that all
tunmor—bearing fish exam ned in the Bering Sea had bilateral tunors,
each approxi mately the same size. The tunors are probably not the

result of a randomcell nutation which [eads to cell transfornation
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and eventually to a tunor. To have this event happen sinultaneously
in both glands would be very unlikely. Mre likely, the tunors are
caused by an infectious agent, environmental factors, or a systemc
physiologi~-2l or pathologic disorder in the affected fish.

Contrary to the above mentioned bilateral nature of Pacific cod
tunors, Lange (1973) reported a unilateral pseudobranchial tunors in a

cod (Gadus morhua) near Norway. The gross pathology of the tunmors in

the two species appear to be very sinmilar. |If the two tunor diseases
are the sanme, the follow ng questions nust be considered: (1) Do
Pacific cod also have unilateral tunors which have so far not been
detected?, (2) Are there only bilateral tunors in Pacific cod,
suggesting the disease manifestations are the same, but the causes
are different?, and (3) Are there other species of cod in Al askan
wat ers and el sewhere that have pseudobranchial tunors?
Reliability of Data

The types of pathological abnormalities so far detected in the
demersal fish popul ations of Alaska are chronic conditions. Chronic
disease is the main type of disease one would expect to find in fish

captured by the nethods used aboard the R.v. MIler Freeman. This is

because fish with chronic disorders live longer than fish affected

Wi th acuce di seases. Acutely diseased fish, such as those infected
with virulent bacteria or viruses, would be renoved nuch nore rapidly
from the population; either fromthe direct affects of the disease,
or by predators. Therefore, the fish diseases described in this
report very probably represent only a portion of the diseases by

whi ch demersal fishes are affected.
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VIII.

An index of the reproducibility of the disease frequency data

resulted from both the R.v. MIler Freeman and R.V. Oregon sanpling

the same sanpling station near Amak Island. The crew of the latter
vessel did not record disease frequency data, but they did notice a
very large nunber of rock sole with epidermal papillomas (34 tumor-
bearing rock sole were collected at this site and returned frozen to
the NWFC, Seattle). At this sane site, menbers of R.U. 332 found a
much hi gher than average frequency of tunor-bearing rock sole (about
5% . This result indicates that if diseased fish are present at a
sanpling site, and the disease can be visually recognized, then these
fish can be detected using current methodol ogy.
CONCLUSI ONS
At least three inportant diseases of demersal marine fishes are present
inthe Bering Sea. These diseases are epidermal papillomas of rock sol e,
lymphocystis Of yellowfin Sol e, and pseudobranchial tunors of Pacific cod.
Several conclusionscan be drawn from the data concerned with these
di seases.
The frequency of 1.0%for papillomas Of rock sole ranging in age from
3 to llyearssuggests that juvenile rock sole |ocated in near-shore waters
have a nuch higher frequency. Prelimnary analysis of biological data
for tunor-bearing and normal rock sole al so suggests that tunor-bearing
fish are shorter in length than nornal fish and that, of normal and tumor-
bearing male fish over 30 mm in length, tumor-bearing fish were nore
nunmerous. These observations indicate that the papillomas have a signif-

icant affect on the life histories of rock sole.
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Lymphocystis growt hs from yellowfin sol e contained typical -appearing
lymphocystis Virus, which suggests that, if this virus is simlar to
ot her lymphocystis virus isolates, this disease is infectious. |If this
is true, then host defense mechanisms probably play an inportant “role in
di sease transmssion. Therefore, environnental stress (i.e., high
tenperature, pollution) which affect the disease defenses could increase
the frequency of lymphocystis in yellowfin sole.

The tunors associated with the pseudobranchs of Pacific cod are not
adenomas, as they were once thought to be. They were found to be
epidermal tunors surroundi ng normal - appeari ng pseudobranchial tissue.

One other species of cod besides Pacific cod has been reported to have
these tunmors; thus, other species of cod in A askan waters (i.e., saffron
cod) may have this condition.

The sanpling techniques enployed during the capture and examination
of demersal fishes in the Bering Sea appeared to be reliable in terms of
detecting externally visible fish diseases.

NEEDS FOR FURTHER STUDY
A. Additional Field Activities
So far our field work has been mainly concerned wth demersal
fishes captured in the deeper waters of the Bering Sea. As was

menti oned above, our data and the reports of others suggest that the

shal | ow coastal waters of the Bering Sea and Gulf of Alaska may have

fishes with higher frequencies of epidermal papillomas and lymphocystis,
and nmore species may be affected. Also, because of additional
environmental stresses in coastal waters such as higher tenperatures,
nore suspended sedinments, and lower salinity, fish in these areas

may have other pathological conditions.
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Therefore, we feel it would be very inportant to the objectives
of our research unit to be allowed to exam ne demersal and pel agic
fishes and epibenthic invertebrates in the coastal waters of the
Bering Sea and Gulf of Alaska in nuch the sane nanner as we have done
in the deeper waters of the Bering Sea. Sampling vessels will have
to be snaller, but all of our sanpling and exam nation procedures

perforned on the R.v. MIler Freeman could al so be done on smaller

charter vessels.

Because of the large biomass of epibenthic invertebrates in
Al askan waters, and the recent approval by OCSEAP of an anended
contract which would pernmit our hiring of a biologist specializing
in invertebrate pathology, we will increase our enphasis on field and
| aboratory investigations of invertebrate diseases. This person
would participate in all baseline narine animal disease studies in
Al aska, as wel|l as conducting research in cooperation with other NWS
groups on the effects of petroleum on invertebrates
Addi tional Laboratory Activities

The rel ationship between the exposure of marine animals to crude
oi | and/or petrol eum products and the frequency of disease in these
animals is poorly understood. We would like to investigate two
general types of possible effects that petrol eum may have on di sease
induction, (1) the effects on disease resistance, and (2) the
carci nogenic or tunor-inducing effects.
Effects of 0il on Disease Resistance

Petrol eum could make a marine fish mre susceptible to an
i nfectious disease by either disrupting the animals' physical barriers

to disease (i.e., mucous) or by depressing its immune response. W
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anticipate performng experinents in which fish species known to be
in Alaskan waters would be exposed to oil and subsequently chall enged
with infectious bacteria or viruses. Types of bacteria would include
vibrios and pseudononades. A possible virus could be the lymphocystis
virus described above.

An i mmune def ense mechani sms which is inportant for resistance
to certain types of infectious agents and neoplastic di seases (tunors)
is cell-mediated imunity. W plan to test the effect of oil on
cellular imunity in fishes, adapting nmethods of assay of cellular
i munity used in higher animals.
Possi bl e Carcinogenic Effects of Ol

The epidermal papillomas found in Bering Sea rock sole could be
i nduced by chenicals and carcinogens currently present in the environ~
ment.  Carcinogens present in petroleumcould increase the preval ence
of this disease if levels of these hydrocarbons in the marine environ-
ment are increased. Since other work done by us has shown that this
Is a disease of young fish, we wish to expose various |ife stages of
fl ounder (Al askan species yet to be chosen) to crude oil. Flounder
eggs will be fertilized and the larvae reared in the |aboratory to
maturity, when the papillomas would be expected to appear. At various
life stages, the animals will be exposed to oil either in water or
absorbed to bottom sediments. Exposed aninmals will be exam ned
histologically by light, electron and scanning mcroscopy, analytically
for the presence of aromatic hydrocarbons, and visually for the devel op-
ment of papillomas Oor other diseases, such as fin erosion and bacterial

di seases.
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In addition, young rock sole and starry flounder (species of

flounder found in the Bering Sea) captured in waters near the NWFC,

Seattle, will be exposed to crude oil-soaked bottom sedi ments and

sea water containing crude oil. Examnation of treated fish will be

the same as described above for the early life stages.

x.  SUMMARY OF 4th QUARTER OPERATI ONS

A Laboratory Activities

1.
2.

Ship or field trip schedule no trips were made.
Scientific party:

Dr. Bruce B. McCain, PhD

Department of Pathol ogy

University of California (Davis): and

NWFC, Seattle, WA

(Principal Investigator; participated in bacteriology
and virol ogy, coordinated data analysis, and prepared
progress reports and manuscripts.)

Dr. S.R. Wellings, MD, PhD

Department of Pat hol ogy

University of California (Davis)

(Co-Principal Investigator; participated in exam nation
and interpretation of histological preparations, and
aided in manuscript preparation.)

Mark S. Mers

Department of Pat hol ogy

University of California (Davis); and

NWFC, Seattle, WA

(Performed bacteriology and aided in the analysis
of biological data.)

Charl es Alpers

Depart nent of Pathol ogy

University of California (Davis) .
(Participated in the preparation, examination and
interpretation of histological specinens.)

WIlliamD. Gronlund

NWEC, Seattle, WA

(Mr. Gronlund iS an enpl oyee of the ¥MFS, and part of
his duties involve work with R.U. 332. He aided in the
anal ysis of the biological data, and hel ped nake
preparati-ons for the 1976 sanpling trips.)
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Met hods

Al'l methods used during this period are described in the
attached annual report.
Data collected or anal yzed

Qur main research efforts involved histological and mcro-
bi ol ogi cal procedures in the laboratory; although, some work was
done to prepare for the 1976 field activities.

Laboratory Activities. The witing of a manuscript was begun

concerning the pseudobranchial tumors of Pacific cod. Upon
conpletion within the next nonth, it will be submtted for
publication to the Journal of the National Cancer Institute.
Continuing electron mcroscopic exam nation of these tunors has
reveal ed that the structure of the tumor-specific X-cells is
identical to that of the X-cells found in the epidermal papillomas
of rock sole

Careful attention is presently being given to the finding of
collagen in the lymphocystis cells from lymphocystis growths on
yellowfin sole. Cenerally, collagen is thought to be an extra-
cellular product. Further electron mcroscopic studies of these
cells and the intracellular collagen may offer insight into the
origin of the cells and the viral pathogenesis.

Tests were continued on the 20 bacterial isolates from Bering
Sea fish considered to be nost disease-related. Additional tests
included flagella stains, antibiotic resistance tests, indole
production tests, and the 20-test Analylab Products Inc. micro-
diagnostic strips. Prelimnary results suggest that the 20

i solates represent five different groups of pseudononads.
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Field Activities. In preparation for our 1976 field work,

supplies were purchased and | oaded onboard the R.vV. Miller Freeman,

a NMFS enpl oyee was trained to participate in sample collection
and, in cooperation with Dean Dale, PMEL, Seattle, two new record
types were prepared for data processing disease data. One record
type will be used to record di sease frequency per haul, and the
other for recording the characteristics of each diseased ani nal

Al so, data sheets containing the sane information as the conputer
record types were prepared and printed.

Ot her OCSEAP investigators concerned with fishes of the Bering
and Beaufort Seas were contacted and our needs for the fish pathol ogy
study were explained. The Beaufort Sea investigators are Eugene
Reguski of the Alaska Departnent of Fish and Game, Fairbanks,

Al aska, and Dr. Andrew G Carey of Oregon State University,
Corvallis, Oregon. An outline containing descriptions and

pictures of each of the marine fish” diseases known to be in

Alaska and describing specinen handling and preservation was
prepared and will be given to these investigators prior to the 1976
sanmpling season. Three copies of this outline were given to the
R.U. 175 for use by scientists aboard charter vessels that will be

sanpling in the Bering. Sea.
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Tabl e 1. I nci dence of the three nbst comzon di seases of demersal fish
captured during the second and third |egs of R.V. Miller Freenan

cruise hi-75-1 in the Bering Sea
Nunber of
D sease Speci es Total Fish D seased Per cent
Affected Exam ned Fi sh I nci dence
tunor of the Gadus 1,510 111 7.4
pseudobranch macrocephalus
epidermal Lepidopsetta 6, 937 66 0.95
papilloma bilineata
lymphocystis Li manda 13,239 272 2.1
di sease aspera

Table 11. Species of fish exam ned and found to be without detected di sease
during the second and third legs of R.Vv. MI|ler Freeman cruise
M-75-1 in the Bering Sea

Speci es Speci es
Arrowt oot h fl ounder Red Irish lord *
G eenland halibut Great sculpin
“Pacific halibut = Spi nyhead sculpin *
Flathead sol e Sandfish *
Bering flounder Saffron cod *
Rex sol e * WAl | eye pollock
Longhead dab * Capelin *
Starry flounder Rai nbow smelt #*
Alaska plaice Snake prickleback =
Sturgeon poacher Wattl ed eelpout
Pacific herring Sebastes sp.

Limited sanpling; 50 or less, individuals exam ned.
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Figure 1. Approxi mate frequencies of rock sole with papillomas at sanpling stations
inthe Bering Sea where rock sol e were captured.
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Figure 2.
the “blind”

Rock sole with an epidermal papilloma on the abdonen
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Figure 3. Length frequencies of normal. and tunor-bearing male and fenale
rock sole in catches containing fish with epidermal papillemas. Cunul ative
data is plotted in open bars, and frequencies of tunor-bearing fish are in
solid bars.



59°

58°

57°

56°

55°

l650 “1600 550
o O
O 0-2
—_ O 2-4 __

Q4-
& s

Figure 4. Approximate frequencies of yellowfin sole with lymphocystis at sanpling

stations in the Bering Sea where yellowfin Sole were exanmined for the disease.
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Figure 5. Yellowfin sole with a lymphocystis | esion on the "blind"-
side pectoral fin.
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Figure 6. Approxi mate frequencies of pseudobranchial tunors of Pacific cod at
sanpling stations in the Bering Sea where this species was captured.



Figure 7. Two, bilateral pseudobranchial tunors in the
pharyngeal region of a, Pacific cod.
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Section of an epidermal papilloma from a rock sole.
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Figure 8

ic epithelium;
| arge size,

Fibrovascular stroma extends up through hyperplast

both areas contain X-cells characterized by their

pal e nucleus and | arge,

With H and E)

(Stained
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Figure 9. Electron micrograph of two X-cells in a rock sole
epidermal papilloma. Upper X-cell. has promnent nucleolus, and
both cells have vesicular cytoplasmw th few mitochondria. A
nor nal - appearing cell can be seen wedged between the X-cells.
(msg., 12,000 x).
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Figure 10. Two lymphocystis cells, approximately 0.3 and O 1 mm
in diameter, froma yellowfin sole, respectively. The larger

cell has a centrally located inclusion body from which the el ectron
micrograph in Figure 12 was taken.
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with a fibrillar-

A lightly staining cell nucleus occupies

A section of a lymphocystis cell
the | ower portion of the cell.

type inclusion body.

Figure 11.



Figure 12. Electron micrograph of a portion of the inclusion body
seen in Figure 11,  Five clunps of lymphocystis virus can be seen.
The virions are hexagonal, gbout 200 nm in diameter (msg., 16,000 X).
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Figure 13. A section of a pseudobranchial tumor froma Pacific
cod . Normal -appearing pseudobranch tissue is on the rid?ht, a
e,

portion of the connective tissue capsyle is in the md and

the epidermal tunor is on the |eft. Fainet with 1 and E)
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