
7 * o—A 033 110 LmlvflSITY off SOUTHERN CA LIFOSNIA LOS ANSCLES ALLAN — ETC FIS 6~2O— MARINE POU.UTION HAZARDS .IU)
Nov 75 S C *55071 NO001I—67—A—O26~—Oot7

UNCLASSIFIED

A 0 3 3 1 O 

I
______________________________________________
I I.  a

S ___



V 4 
- _______________________________

_ _ _  

f * I ~~~~~~~l i i !~~~~~~~~~~~~~~~~ 1
•1 u ~EP0~ T I)c)~ P /~;L 

~~,

~~~~~

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

k ’ 
~

-‘
~ 

_______________________________—

~ ~~~3erriard C 4hc
~I1 ~~~~~~

S p~~R iZ,~c 3 7~TK~iT ~~~~~~ I~i tTt ~~~~~~7c~~~Y
A1l~ n Hancock r’ou~da ion ~.—‘ 

A k I A ~~C~~~K U 1 4 1 (  U’IMUERS

NR 202 — 0 5 0 1
2 — 4 — 7 5  ( 4 4 2)

I I . CC 1flOL LI~~~, O~~V IC E  9AME A~~D ‘.DD~~Lt S  J •~~ . 
____

Office of Naval  Rcsonr ch ii Nov~~~~~ d75
Departm ent of the Navy ~~~~~~~~~~~~~~~~

1_~dinwrni~ ~~ir~~~~~~2.221Z~~ — _____
?

~

2 
_____

4. M OPnT Ofl tU~ ~S G 1 N C V  N A M L  6 A DDRES~.(if rilllezøjjt irtm Contrcljln B Qflicc) %! ~. C E C U f t I T Y  CL1s S~ . fri lil ,~ r~~ o rf)

Office of Naval  Research Branch Office
1030 East Green Street —~~~~~~~~~~/  IS.. OEC LAS SIF I CATION ’D OW N& RADIH~~Pasadena , California 91106 f SCH~~DULC

16. DISTR;0u 11014 51AT~~ U L ! N T  frf  t h i s  R~ po?t) S

12 Copies - Defense Documentation Ccntor 
~~~~~~~~~~~~~~ ~~~TEM~~~~~

Cameron Station App!Oved ~~~; 
p..i~’lic iet’OW• Alexa ndr i a , Virg inia 22314 

____________

Ii. DISTHI~~U11ON ST AT EI4EHT (of f?i,~ ~b&ft ~ ct ,nter,d In Block 20. Ii dlii.r.nI from ktporlj

p D C ~
~~
. 

~~ I~~. SI jPPLCMCWIAMy W OTt , S 
. ç~ fpf rj~fl~\ (1

DEC 8 t916

(~ __ I~~. K LY WC’ P~~ (C~~ 1lnuo on t.~ r r a e  aSti r If ,.ac..a,,y anJ ldm~ltIy by bifl ck numt t~jt~1J I!
c~- .1 Red Tide To~dns

~~ 20. A USTNA CT (ConhSnu. b.i ,~~w . •• aId. S Vnec.a.a:~ v.atd hl.nISfy 
~~~~~~~~~~~~ ~~~~~

~~ .- *J ~~~I~~’he Red Tides around our coastline arc due ma inly to blooms of
Din of laqel late s .  Those in the colder ~ th~ t n  waters are due ma~n )y to
the Gonyaulax sp. which produce the Para lyte Shel l f i sh  Poison S~~.ito> :in
which As a Neur oLox in. In the waters of the Gulf  of Mexico off Florida ,
the Red Tides are due to the (~ymn odin i u m  breve which k i l l  mi l l ions  of
f i sh  du r in r  a bloom. 

~~~~ ~~~~~~~~~~~~ p~~e___________ 
_______‘a- - -

~~~~~ - _a_—____ -—
DL) 

~~~~~~ 
l4~~ u~~~Km or I ~~

~/ II (~t O 2  014 .  661. ! I
crc i,u rr y cl. A~ o r l r  / ‘ i l ’~ or ri#u ~~~~~ (!P1~p., p... 

~~.

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~~•S.—.-. 

i_ • 



-
e

• ..L t. (i41 ~ V Ct. A~ ~U IC A l  IflN ( II~ ~ AC.F~~f lh. n 1’~.t , z:, ,.~.d) 
_______________________________________________________

~ov~t. 
‘

~~~~~
—

~~~~~ ~~~ ~~~~d1r~~t j
~~ .rrl t TJI 5UJ ’J-JcU I us.Je~ th8 Q.N4. e~~ tra~ti,,~ )wve

be ~ vs~ separated by chromatography and hav~~.i~~ nt ified ~.u-a m aj ~ r compounds
whiab_aM biologically active. One of these compounds has been

• identified ~~ Dr. ftoppopor~ as a pure compound which ho has called
G - ~ xtoxin , and which we have shown to be a potent neurotox.in .
The second compound of small molecular weight is a hemolytic agent.

We have shown that the G~k nLIr~ oxin acts specifically on excitable
membranes on the site of the Active Sodium Channels .  The mode of
action Is by competition with the calcium ion on the resting membrane
moving the ø~(Na inactivation) curve along the axis of mcmbrwi’~potentia l, and lowering the accommodation level.

Martin and Padilla have shown that our second compound has a
hemolytic ectin on fish red blood cells which is far more Intensive than
on mammalian red blood cells.

We have Investigated in fish tissues the influence of the various
components . Small mosquito fish (Gambus ia afin is) were placed in
fi nger bowls . Three sets of studies were carried out.

1. fish were killed by exposure to the crude muscle
toxin after only one extraction step .

2. fi sh were killed by exposure to pure Gyn*retoxin
at a level of 10 FTU/ml .

3. fish were exposed to the hemolytic fraction at an
equivalent concentration to experiment (2) . The
experiment was terminated after 15 minutes with-
out death and the fish then killed .

The dead fish In each experiment were dissected and selected
tissue studied for cytolysis .

Paralled experiments were carried out to study the hemolysis re-
suiting from exposure of red cells to each of the three situations above .

The results showed clearly that the crude toxin produced death
with no evidence of cytolysis , although direct exposure of red cells to
the crude toxin caused hemolysis . The pure toxin G~nbrctoxin produced
neither cytolysis nor hemolysis. The pure second fraction which
hemolysed red blood cells also produced cytolysis of fish muscle cells J
altl~pu~h f t  d~ci-not kiU -the fish ~ 1the du a.Uon Qf the exper iment~~~~~_-”
1I,~~The remainder and major emphasis of the research under the contract

• has been devoted to the occurrence of Red Tides in the Los Angeles-
Long Reach Harbo r complex. The roles and relevance of a number of

P ambient parameters have been studied , and the influence of polluting
nutrient outflows have been evaluated .
III. An extension of the contract without funding enabled a final
histological study of the action of the Gymbrotoxin to be made. The
hemolyt ic factor produced signif icant  hemolysis , but the neurotoxin
showed no evidence of pathological changes.
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BAC KG ROUND

This program of research has been devoted to the study of many aspects

of the dinoflagellate blooms which constitute the Red Tides of the coastal

waters . Dinoflagellate cells are always present in the ocean. Only occa-

sionally are the conditions adequate for bloom conditions. Biotic and

abiotic factors , at such times , combine to produce dense concentrations of

the cells in limited areas. The precise combinations of external parameters

are still unknown. Certainly, as the urban developments of our coastal

zone have multiplied , and the organic waste effluents have Increased , so

the occurrence of Red Tides have increased • We have studied the effect of

some effluents on growth pattern s , emphasizing , in particular , the effects

of wastes likely to be derived from Naval ships in harbor . The cells photo-

synthesize so that In daylight the oxygen levels are high. Only as the bloom

dies off , and organic compound s are released , does the high BOD induce

anaerobic conditions. Then animals are killed and physical damages mount.

Toxicity , however , can arise from the cells themselves . All cells produce

metabolites , but certain dinoflagellates produce metabolites which are

poisonous. •

In the case of Gymnodlnium breve , we have purified an Intracellular

hemolytic component and a neurotoxin , whose mode of action has been -

studied in detail.
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Director, Allan Hancock Foundation
Chairman , Biological Sciences

Dr. M. Spiegelstein, Research Scientist
Desert Research Institute
Ncss—Ziona, Israel

Dr. A. Siger, Lecturer
University of Southern California

Dr. T. O’Brien, Research Fellow
City of Hope

Dr. Z. Paster, Department of Zoology
Tel-Aviv University
Tel—Aviv, Israel

Ms. Jane Spltzer , TechnIcian

RESULTS

The studies carried out on this contract have included studies , in the

main , on two species of Dinoulagellates. The first Is Gymnodinium breve ,

and the maj or Interest has been devoted to the purification of ichthyotoxin

produced by the cells • The second species , Gonyaulax polyhedra , is the

causative organism in most of the Red Tides of Los Angeles Harbor , and the

studies have emphasized the Biotic-Abiotic factors of harbor productivity.

1. Gymnodinium breve. These organisms arc single celled naked

dinoflagellates , and form the essential causative organism of the Red Tides

off the Gulf Coast of Florida. These Red Tides are characterized by exten-

sive fish kills , and our studies have concentrated on the identification and

modc of action of this lchthyotoxin .

— —  _ _i_ _ __ j_
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a. Growth Studies. In order to study the toxin produced by cells in

culture , it Is essential that the culture be unialgal and also free of bacteria.

And , In order to obtain adequate supplies of the toxins, mass cultures are

needed: each cell has a diameter of only about 15 u, and the contents of a

billion cells are needed for a microgram of pure toxin.

The elimination of bacteria from unialgal cultures of a breve , grown

in defined media, was successfully accomplished with the use of the anti-

biotic kanamycin . When an aliquot was taken for subculture, the resultant

growth was masked by a lag phase of up to 10 days . After the lag period,

growth occurred at a normal rate (an average doubling time of about 4 days)

and to concentrations of up to 40 ,000 per ml . This requires growth times of

three to iour weeks before harvesting . It was found that hormonal concen-

trations of Gibberellic Acid reduced the lag time from 10 days to only a few

hours , so that harvesting could be made every two weeks . This was in-

Itiated as a practical procedure , but led to an investigation of the cause.

Studies followed two major directions . There Is no clear indication

of the cause for the presence of a lag phase. In general , the lag is least

if cells arc subcultured from the exponential phase of growth , and the lag

Increases the nearer the culture is to the limiting plateau phase. It has been

suggested that during the lag phase of growth the cell metabolism is directed

towards the synthesis of proteins and cell constituents , whereas , In lag

phase, the metabolism Is directed towards the manufacture of storage products ,

such as Qycolic Acid . In the logarithmic phase of growth , therefore , there

Sit.
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will be great activity of the RNA polyinerase in order to produce the templates

for protein production. Studies were therefore made of the RNJ\ polymerase

profiles of the G. breve cells. Using Isoelectric focusing techniques , we

found many more bands present than the conventional three . The studies have

led to a more detailed and separate investigation of the kinetics of RNI½

polyincrase , but activation of certain bands by Gibberellic 5Acicl was demon-

strated .

Gibberelllc Acid is a compound related to growth cycles in higher

plants , and had not previously been demonstrated to influence phytoplankton .

In evaluating Its effect on the growth of cultures, it was found that after

priming a culture with Gibberellic Acid , then subsequent subcultures in media

free of the hormone , gave no lag phase for the first subculture , and pro-

gressively larger lags for subsequent ones. Thus , the hormone is apparently

retained within daughter cells for some time. And , it was observed that in

non-sterile unialgal cell cultures , the lag phase was minimal and Gibberellic

-• Acid had no effect.

Because of the higher plant effect of Gibberellic Acid in inducing

growth , attention was paid to another plant hormone , Abscisic Acid , which

acts at the other end of the grow th cycle and Is responsible for the abscision

of leaves and fruit .  
-

The compound was very difficult to obtain , but a small amount was
a —?

obtained. We found that in hormonal concentrations (10 M) Abscisic Acid

stopped the grow th of the cultures. -

— -S~~~- 
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b. Extractions. The extraction techniques described in the previous

report have been carried further and a pure Ichthyotoxin has been isolated .

This toxin has been labelled Gymbretoxin by Dr. Rappaport.

There is no doubt that even the crude toxin is lethal to all vertebrates If

it enters the blood stream at above a certain very low concentration. Below

that lethal threshold the effects are transitory . For example , in cats follow-

ing intravenous injection of toxin, there Is a rapid reduction in heart rate ,

accentuated respiration and muscle fibrillation which eventually die away.

Intense irritation of human mouth tissues has been experienced in our lab-

oratory when the dried powder of our extract TI is transferred during

weighing procedures, and Steidinger et el (1973) have provided a detailed ac-

count of the reactions by humans to exposure to the toxins . Similarly,  mice

exhibit considerable facial discomfort as indicated by pawing of the mouth

If exposed to a weak spray of water which contains toxin.

Although the majority of studies have been made on culture extracts,

concentration of toxic fractions occur when pelecypod s are maintained in an

environment containing G. breve cells. The molluscan tissues are poison-

ous if fed to chickens (Ray and Aldrich 1965) and appear , under the correct

conditions , to produce a ciguatera like effect on test vertebrates (McFarr en

et al , 1965) .

Our method of extraction has consisted essentially of a phase sep~rat1on

with a 2:1 chloroform methanol mixture against water. The organic phase Is

lyophilized , and the resultant crude powder is run on a Sephadex LH2 O

column with 2:1 chloroform methanol. Two biologically active components

- -i---
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could be separated (Splegelsteln et al 1973). The first one labelled GT

in tubes 6-16 (5m1 fract ionr ) exhibited neurotoxic and lethal actions on f ish.

The second active cornpoi~ont, tubes 33-63 , exhibit hemolytic effects in

vitro using abbit erythrocytes but shows little or no neurotoxic activity.

Purification by several groups of the neurotoxic fraction of the early tubes

with higher molecular weight has produced different empirical formulae

(Martin and Chatterjee 1970, Cummins and Stevens, 1970 , Sasner et al ,

1972). We have proceeded only to the stage of purification with TLC to use

two neurotoxic fractions labelled Tl and T2 .  These fractions are very toxic

to vertebrates because even the cruder fraction GT is lethal to mice at 150

ng/g of animal. The mode of actions of the G. breve toxin has been Inves-

tigated by Sasner (1973) who has presented reasonable evidence that  his

fraction IV has a depolarizing post synaptic action. ‘dis main evidence was

obtained from a frog nerve-muscle preparation. Exposure of the Junctional

region produces fibrillation of the muscle followed by blockage of the j unc-

tion as well as motor nerve and muscle If concentration of the toxin is high

enough. The fibrillation effect can be blocked by curare.

We have made observations which offer another explanation . Our ex-

periments were very similar to those of Sasner , also using a frog sartorius

nerv e muscle preparation. However, careful observation of the spontaneous

movements which occurred when low doses of toxin were added to the fluid
a

bathing region of the nerve muscle junction showed that the movements were

fasciculati ons and not fibr illat lons . It was clear that numbers of fibers

throughout the muscle were contracting synchronousl y. The effect could be
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seen even on the mechanic al  record s , and this suggests that individual  Motor

Units ~re contracting as entire ent i t ies .  If the various fibers of a Motor

Unit fire together , the n the prc synapt lc ending s must also be discharging

simultane~usly. In contemplating the Implied firing of the motor nerve

common to the motor unit family of fibers , we realized that a filth alterna-

tive can be added to Sasner ’s four possibilities ( 1973 , p. 160): spontaneous

spikes In the nonrnedullated termination of the motor nerve . Let us note the

evidence:

1) 0.5 FTU/ml of our extract Ti, after TLC was used in frog sartorius
nerve-muscle studies. (Fish Toxic Unit , FTU , Is defined in Spiegel-
stein et al, 1973 as that amount of toxin per ml which just kills 3 test
fish In 3 hours under standard conditions).

2) At this concentration , spontaneous brief series of contraction s
occurred (fig . 1), but there was n loss of response to nerv e s t i mu —
lation .

3) The rise of tension in these spontaneous tetani could be blocked by
curare .

4) No drop in the Resting Potential across the muscle membrane was
detectable.

5) There was no change In the shape, amplitude or rate of the miniature
endplate potentials (m .e .p .p . )

6) In the presence of 4 FTU/ml of extract Ti with 2 .5  x 10~~ w/v curare ,
the mechanical responses were blocked , but trains of spontaneous
End Plate Potentials (EPP) appear. These arc seen in Fig . 2 recorded

S with intracellular electrodes. The traces run successively upward s
with 0.5 Sec SWCC~~ and 9 my steps per sweep. Facilition can be
seen In each burst and the beginning of depression in later bursts.
The first burst shown lasted more than 10 sec . After a period of
silence further bursts occur ~Fig . 3).

- An interval histogram (rIg . 4) shows that the Impulses are not ran-
dom. In the f irst  burst there is a 10 msec interval which later
(second and third histograms) s h i f t s  to a 20 ms~ c interv al together
with higher multiples.

5- -
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7) In ou r neurotoxic extract , we find no ant ichol in e s terase  octivity
as measure d by the Jensen flolrn method (1969) even at 400 times
the mechanical threshold (Fig . 5). -.

We believe that this evidence supports the proposition that at low con-

centrations the extract T1 produces bursts of spontaneous d ischar g~’s in the

terminal nonmyelinated region of the motor axon in a fashion simi l ar  to the

effect of bathing the nerv e in low Ca~~ medium . This p os s i b ili t y  was strong-

ly supported by the demonstration that when the Ca~~ in th e Ringers solu-

tion was Increased ten fold (to 10mM) the excitation action of the low level

of toxin was immediately blocked .

Finally, a comparable action of the extract T1 on squid axon has been

demonstrated with the measurement of membrane potentia l by an intra-

cellular electrode. It is know n that the natural accommodation factor of

axons vary widely between specimens , and this is recognized in the response

to 4 TU/m l toxin. And Indeed a variety of responses were observed from

continuous discharges to small subthreshold oscillations which build up to

a train of spikes and also spike trains of constant interval which trail off

into damped oscillations (Fig. 6). There were also instances of very small

subthre sho ld oscillations of the MP evoked by a brief pulse which died away

without initiating a tr ain. Such depolarizations of the membrane are very

small and may be diff icul t  to Identify ~F1g . 7) . -

Thus , we are suggesting that t1~ toxin from G • breve acts to lower the

level of the accom modation factor of excitable membr an Cs. This can hc

cxpress~d in terms of the extent of sodium inact i vat ion which exists in the
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rc st ln j state , and we sugcj cs~ that  when the membrane Is exposed to tox ;n

the percentage of sodium inact ivat ion decreases wi thout  change of reE .t in g

membrane potential. This decrease in activation wil l  lower the threshold

for excitation because k~ss cut rent flo’.v is needed to produce a local

response. As the threshold drops toviard~ the resting membr ane pot ent ia l ,

the accommodation factor fal ls  and spontaneous d i s c l i n r cje~; m a y  occur.

Thi s can also be expressed as a s ta tement  that the ‘~~ curv e of the Hodglian-

Huxley theory is shifted several milliwatts in the directions of depolari-

zation . Only those membrane s in which accommodation is already low

would be expected to reach the point of Instabili ty when toxin is added . It

would appear that in vertebrates and certain invertebrates , the pr immy

action of the T1 fraction of C. breve toxin is to induce spontaneous dis-

charges in nonmyel inated axon similar to the effect of low c a i c l im .  At high

concentrations the mycl inated nerve and the muscle membranes become

inexcitable , arid this may well be an extension of the same phenomenon .

The effects on fish in an actual Red Tide produces disorganization of the

central nervous system and death while the skeletal muscles and rnyelin-

ated nerves are still excitable. The precise cause of death is not known ,

and studies are needed to see if our suggestion that bur sts  of discharges

in the nonmedullated nerves actually occur . It can explain the slowing of

heart rate throu gh discharges of the vagal ending s and the elimination of

thi s effect by the addition of atrop ine.

2. Stud 1e~; on the R ’d Ttdes of los_Ange~~~~~~~ or. The Red Tides

~n the Los Anç~eles h arbor can be composed of several dinoflagellates.
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~~ but the most com m on bloom is due to Cony an lax  pol yh d t a .  An inve stigat ion

has been undertn~~’n of the  h iot ic and abiotic inf luences  present in the harbot ,

in order to de termine  somr ~ of the factors me l e t e d  to Red Tide occurrences.  A

n ;irr ativ e account Is given of the tot al inve st igat ion s  currie d out in the Los

Angeles fl~m rbor , of v hich this cor i t iact  consti tuted on in t :c~ral par t .

The Lo~ Ang e l e s—Long Beach Flarbors had never had a coordinated biological ,

physical and chemical survey unti l  the Init iation of the present studies by

Harbor Environmental  Projects of the Allan Hancock Foundation , University of

Southern California , in spite of the fact that  it is one of the major ports in the

United States and houses a Navy base. Under the Imp etus of the National

Environmental  Policy Act of 1969 and subsequent legislation , private industry

and public agencies found a need for environmental  info imat ion that either did

not exist or was  proprietary and hence not available to them. Accordingly ,

a baseline survey and monitorin g progr am was  begun by the University for the

outer Los Angeles Harbor in 1971 , under sponsorship of Pacific Lighting Service

Corporation , and expanded in 1972 under the USC Sea Grant Program (Depart-

ment of Commerce - NOAA) and contracts with the Los Angeles Board of Harbor

Commissioners . The U.  S. Army Corps of Engineers , Los Angeles District , In

1973 contracted to extend the program to cover the entire harbor , and added to

the l ist  of p arameters  to be studied . These invest igat ions are now completed and

computer analy sis of the data has been carr ied out.

A total of 43 s tat ions was s lccted to be monitored for this study (Figure 1).

The locations selected were chosen to p ~i m i t  the optimal coverage of areas aiid

S ~~~~~~~~~~~~~ 
•

~~~~~~~~~
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expected patterns of var iabi l i t y  w ithin the scope of our facili t ies.  These

stations W( TC divided into reg ional groups for conven~ence in dealing with

the ~~crational time and work load constra ints  involved in the program of

samp ling and data ana l ysis .

Monthly sampling at each station included remote sensor me a surement

of water  tempera ture , sal in i ty,  pH , dissolved oxygen and turbidity at one

meter depth intervals through the water column. Surface water samples were

collected for analysis of dissolved oxygen (Do) by Wir ikier titration and for

determination of BOD , N03-N , N02-N , N113-N , P04-P , and sulfide. Bio-

logical sampl ing included collection of surface water for determination of

bacterial populations including coliforms , phytop lankton productivity and

chlorophyll ~~ . Also surface tows were made for zooplankton , using a 253

micron mesh 1/2 meter net equipped with a flowmeter . Screened settling racks

containing glass slides were deployed monthly at 24 stations throughout the

harbo r to samp le water column fauna.  Separate sampl ing operations were

conducted for determining fish crop and for bird census.

At approxlm~te1y quarterly intervals each station was sampled for determin-

ation of sediment grain size and for berithic f auna ,  using either a modif ied

Rcinecko box corer or a small Campbell grub. Chemical analysis of sediments

for 33 parameters of trace and heavy metals and chlorinated pesticides were per-

formed at 43 stations within the harbor.~ Under separate contracts with the Los

Angeles Harbor Department sediment chemistry was determined for 60 stations

In 4 transects across the San Pedro Channel to Santa Catalina I sland , for

1 . 
_ _  
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compari son w i t h  pol lu t ant  levels in the harbor. Bioa ssay and toxicity tests on

harbor beu thic , p ]ankt onlc and pel agic species were also carried out to deter-

mine potent i a l  effects of proposed massive dredge arid f i l l  operations for port

development. Thermal e f f luents  and toxic waste : were sim i lar ly tc~st~d with

bioassay techniques to determine ranges of tolerance and ident i fy  int er f& rcnce

with reproductive capabilities.

The Los Angeles and Long Beach Harbors are actually part of a single

water area which has been artificially restructured by dredging from the river
I

mouth sediments and channels of the Los Angeles River basin and adjacent

waters of San Pedro Bay. Terminal Island is primarily constructed of f i l l .  The

harbor Is divided roughly in half by a dotted line of competing local j urisdic-

tions , the Ports of the two cities . While water masses , pollutants and organ-

Isms do not recognize these boundaries , local , regional , and nation al  public

agencies control some or most of ti’e activities within the water and the per-

Ipheral land area.

Southern California is a young area geologically, and several times during

Pliocene and Pleistocene period s sea levels varied so that the entire basin was

submerged . At other periods of receding waters , the Channel  I slands may have

been connected to the mainland . The Los Angeles River bed changed course

several times , exiting into Santa Monica Bay to the west for some periods , and

most rec~ nt 1y to the south In an estuarine configuration. Further eastward , the

San Gabriel River also empties to the south , but both rivers were diverted to

permanent channels some forty years ago. Thus the wat ei:~hed of the San

- . •~~~- - .- ~~~~~~~~~~~~~~~~~ .5.—— - - - - - 5 - -  . - -5..——- -.5 ~~~~~~~~~~~~~~~~~~ 5 -S 
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Gabriel mountains 30 miles to the north of the basin drains into areas south-

east of the two ports . Althou gh estuarin e in configuration , the area cannot be

classified as a true estuary , with continual fr eshwater flow . Instead It receives

an annual r a infa l l  of 9— 14 inches entirely In the winter mouths.  Sewer outfa ll s

provide the only other maj or f reshwat er  flow , and that mixes in the outer harbor

sufficiently that biological gradients due to salinity differences cannot ordinaril y

be seen.

Evidence from our studies indicates that the Los Angeles River channel

is an unexpected major source of pollutants , apparently because catch basins

upstream receive debris and waste drainage which Is carried downstream during

major storms. In January ,  1974 , 9 inches of rain fell in a single storm of sever-

al days ’ duration , and affected the annual mean levels of pollutants , as mapped

by computer. The oil well Islands , to the southeast of the river , are outside the

harbor ju risdictions , but evidence was accumulated that they may be Inte rmittent

sources of heavy COD. The San Gabriel River mouth carries larg e thermal

effluents which do not seem to exert any extensive deleterious effects on biota .

The principal problems facing both ports , in addition to the mul t i p l ic i ty  of

jur isdictions , rise from the need to m odernize port facilities and deepen channels

for containerized cargo and for receipt of Alaskan and Indonesian oil and liqulfied

natural gas (LNG) . On the west , in Los Angeles Harbor , the main channe l depth

is only 35 foot, due to the underlying bedrock of the Palos Vordes limestonos.
S

To the east , the Long Beach Ha rbor channels range from 35 feet inside to about

80 feet at the entrance . Much of their land is “f i lL ” an(l subsidence has occurred

j . - where oil dril l ing was carried out on Terminal Island . Inner harbor channels arc

- -
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narrow , and much land is owned by railroad and oil companies so it is not

available to the Port for general cargo. Hence the port s plan extensive

dredging and building of new land in the outer harbor utili z ing underwater  diking

and treatment of dredged sedl-nonts with polymers In order to contain pollutants

as Inert f i l l .  -

The California Environmental Quality Act requires preparation of Environ-

mental Impact Reports (EIR) In order to predict the impact of various proposed

changes on the coastal waters which might affect the environment and urban

growth . To implement port modernization, the basic biological , chemical and

physical marine studies are needed . As these were performed during our studies ,

alternate sites for port facilities were also examined . The large team of investi-

gators agreed in general that It would be better to Impact an area already exten--

sively Influenced and modified by restructuring and by pollutants than to destroy

the few relatively natural ostuarine areas remaining in southern California.

Chief among these natural areas are Mono Bay and Mugu Lagoon to the north ,

and Anaheim Bay on the southeast. The latter two were contained within naval

bases for years and the natural environment preserved , although their interior

watersheds were altered by adjacen t urbanization .

The following sections of the present paper discuss briefly some of the

find ings of these studies, which form a baseline for determining future Impact.

A scientific journal , Marine  Studies of San Pedro Bay, Caj ifornia . was established
S

to make readily available the data and information that are needed by the southern

California community and by public agencies. To date , nine volumes have been

published by the Allan Hancock Foundation and the USC Sea Grant Program . A

- --—-—---— ~~--- ------5 --.-— .
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summary report has also hcen circulated by the U.S .  Army Corps of Engineers ,

who are responsible for navigable viaterways and for issuing permits to dredge ,

dump and otherwise alter those waterways .

Tidally generated water circulation in outer San Pedro Bay is dominated by

two larg e pattern s , separated by Pier J in Long Beach Harbor . To the west , w a ter

enters and leaves Angels Gate on a rising tide and feeds a larg e gyre in the outer

basin. A smaller gyre to the west off Carbillo Beach appears intermittently and

a portion of the water enters arid leaves the inner harbor by the main channel.

Most of the water entering Long Beach main channel is also derived from the gyre .

- The are a east of Pier J is fed by the Los Angeles River and by water entering

Queens Gate on a rising tide arid forms a series of minor comp lex gyres , with

water also entering from the east. The net water movement , however , is eastward .

On a falling tide the water leaves the harbor through the eastern breakwater open-

ing with a small portion flowing out of Queens Gate .

• The described patterns indicate that two , almost sep&ate , hyd rodynamic

systems are responsible for distribution of various parameters in the study area

in the harbors of San Pedro Bay .

Inspection of the results for this study show s fairly uniform annual temperature

means except in the vicinity of the Alamitos generating station cooling water

outfall at the San Gabriel River mouth. Here temperature s are elevated consider-

ably over those prevailing in other arca&.

Mean salinity at the various stations point out four maj or sourccs of fresh

water entering the harbor. Low salinitics at the Cabril lo Beach area and tho West

Channel probably arc due to runoff and Impo undment , since water circulation is

somewhat restricted there. The area east of r ish I-farber is the location of two 
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cannery waste outfal ls and one large municipal sewage eff luent  line . Water

discharg ed there enters the large current gyro in the outer harbor and is therefore

pr imarily retained in the harbor , causing some small reductions of salinity levels

throughout the outer harbor. The sewage presently receives only advanced pri-

mary treatment, so that the outer harbor acts as a natural oxidation pond . The

Los Angeles River carries runoff arid assorted waste discharges from inland .

The area of the Alamitos generating station outfall at the San Gabriel River mouth

is the last of the four sources of fresh water in the harbor. Tidal flushing patterns

were significantly altered when the Pier 3 fill to the east was constructed by

tong Beach in the 1940’ s. Previously the tidal flow entered the eastern channel ,

-Queens Gate , slightly earlier than at the westward Angels Gate . The nodal

point occurred near the lift bridge in the middle of the Inner channel , and surge

damage occasionally occurred there . After the Pier 3 fill , the easterly tid al

flow was diverted to the east and north , arid served to flush , or mix with , river

effluent along the shore . Beach sampling showed that area to be impoverished

biologically .

- The easterly circulation pattern gyres may help to create “water cells ” in

the area which arc not adequately flushed and may help to create the red tide

dinofLgellate blooms which occur periodically in the harbor and adjacent waters.

Nutrient chemistry measurements revealed that there are two major sources

t of phosphate (P04-P) in the stud y area; the waste outfalls area, and the San

Gabriel River mouth area.

The major source of nitrite (N02 -N) was the Los Angeles River mouth and

two minor sources wore at the outfalls are a and at the San Gabriel River mouth.

-
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The major nitrate (N03—N ) concentration occurred at Cabnl lo Beach , a

public recreation area with beach , fi shin g pier and small boat facilities , whil e

the river mouths showed minor concentrations .

The waste outfalls showed low values of N03-N but the highest values of

ammonia (NH 4 -N) . Am monia was also high at the river mouth.

High nutrient concentrations in the harbor and bay appear to he associated

with the areas of freshwater input and lowered salinities; this suggests a

terrigenous origin for the nutrients , or possibly multiple origins from waste

effluents and land run-off .

Mean dissolved oxygen (DO) levels were lower in the four areas of lowered

saliriities , while higher values appeared in the areas of the math gyre systems;

in the outer Los Angeles Harbor , and between the two river mouths (Figures 2 , 3) .

The pattern for high biochemical oxygen demand (BOD) coincided most

closely with the pattern for ammonia , namely , highest at the waste outfalls and

next highest at the two river mouths . The inverse occurrence of DO and BOD

levels demonstrates the heavy organic loading of effluent waters and run-off

In those areas .

Microbial surveys of presumptive total coliforms, fecal coliforms and fecal

strep and Standard Plate Counts were carried out. Standard Method s utilizin g

distilled water for BOD and microbial counts were compared with method s devel-

oped to use seawater as a diluent (Juge~~nd Griest , 1975) . This suggests that

the usual public health sampling method s may not show the extensive persis-

- tence of coilforms In sea water. Counts were high , as mi ght then ho expected in
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the outfalls area , and in the gyre . High counts at the Los Angeles River

coincided with the 1974 heavy rain storm. I-u gh total cohi forrn counts , with-

out confirming feczi l coliform s , indicate a terr igenous rather than a sewage

origin. There is some controversy as to whether cohi forms in f ish guts are

normal , or indicate ingest ion of contaminated wat~ r~ or Wi  ~te s.

While th e hi gh microbial levels could br~ considered as a public health

problem , no Instances of human illness have been documented from the oiea.

The outfalls area is posted against fishing and water contact sports , but local

residents can be seen along the jetties fishing , nevertheless.

The fact remains that the harbor fish standing crop is the highest of any

local area, inside or outside the harbor (Stephens et a l . ,  1973 , 1974;

Chamberlain , 1973 , 1974).

Radioactive tagging of amino acids In cannery wastes by Chamb et lain

(1975) showed that the wastes could be directly taken up by fish without

t microbial recycling or an intermediate food chain. While a zone of inhibition

of biological life occurred at the immediate site of the outfalls , the areas

adjacent to them , near or In the better oxygenated gyre , showed exceptional

crops of benthic and planktonic organisms .

Phytop]ankton productivity measurements using 14 C inoculation and incuba-

tiori showed moderate values in the outer harbor areas . To the cast , a gradient

occurred , with highest values occurring near the Los Angeles River mouth , de-

creasing in on easterly direction toward the San Gabriel River mouth . This

pattern was duplicated in the chlorophyll ~ values , Assimilation ratio values

- - - ~~~~~~ -- -
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were moderately high near the outfa l l s  and in the outer harbor areas. The -

gr adients of productivity and chlorophyll ~ values were reversed in the area

to the east for assimilation ratios ; values were low at the Los Angeles River

and higher toward the San Gabriel River .

Zooplankton densities calculated as settling volumes were roughly in agree-

ment with the gradient  of phytop lankton assimilation ratios . Wet weights of

fauna collected on settling racks were also determined . Patt erns of distribu-

tion for holoplankton and meropl ankton showed decided preferences for different

areas by different species .

The investigation of physical , chemical and biolog ical parameters , withi n

the scope of a single baseline study and ancillary research , permits the

application of computer analysis techniques; hence correlations , or the lack

thereof , are revealed which might not otherwise be apparent under subjective

evaluation.

Selection of the mode of analy sis can , of course , influence the patterns

displayed . In general , means were uti lized and extremes were transformed and

standardized so that basic trends rather than variability could be seen. Hence ,

foi examp le , the most common species are used in dend r ogr am analysis , and

the extent of diversity is only revealed in the computer lists .

The patterns for the blotic and abiotic paramet ers are clearly demonstrated

by the method s for computer mapping of data , developed by John McDonald ,

a University of Southern California geographer . Computer classification and

ordination programs were developed by Robert W. Smith , of the Allan Hancock

Foundation , f or analysis of biotic—ab iotic r elationsh ips .

- - -



20

The most consistent general pattern for species distribution and related

phy sical p ar arr1 ( - t~ rs divides the harbor Into three area types: 1) Polluted

innermost slips with piling communit ies  and low circulation; 2) m o m

channel ~~una where circulation is better; and 3) the outer harbor with ex-

ten sive fauna , high nutrie nts , and the best circuLd ion . Since the curr (~nt

outside the harbo r is probably not more than one half knot arid t idal f lushing

Is reduced , circulation even In the outer harbor Is not p artic ularl y good .

It seems clear that plans to cut down extensively on water areas in the

outer harbor and put in slips and piers will alter the species composition of
I

th e biota to a piling or fouling community.

Since the harbor sediments are grossly contaminated (Chen and Lu , 1974)

hyd raulic dredging and filling , followed by treatment with  polymers should reduce

th at pollution . Hydraulic dredging can be carri ed on with a very minimal  sed-

iment plume , but vast numbers of benthic polychaetes will be eliminated by

fill . Experiments in the resuspension of contaminated sediments carried out

in our laboratories have show n that chemical changes occur in the pollutants ,

which are absorbed on fine silt and clay particles and may be Inert In that

f orm . Certa in  of the p lankton lc and benth ic crustaceans were particularly

vulnerable. Standard toxicity tests which require only 96 hour exposure to a

1:4 ratio of sediment to sea water , have often showed no impact , whereas

longer term tests which include the ability to survive and to ropord uce have

indicated a reduced reproductive capacity.

Althoug h the Los Angeles Harbor was virtuall y dead prior to the
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enf orcement of water qua l i ty  standard s in l O G9—7 0 , an extensive fauna has

devel op€-d since th at  t i me. The most Important single action was probably

divert i n g of oil fie ld and refinery wastes into sumps . Gradual ly  the water

qual i ty has impr oved , to the point where no areas are barren of l ife and some

areas are rich in both d ivers i ty  and biomass.

It wi l l  be very diff icul t  to protect these gains in the proposed new port

configurations . The probable use of the port as a maj or oil terminal and trans-

shipping point also suggests that constant care will be required to prevent

accidental spills. This problem is controlled well in many ports by complex

computerized controls and double safety systems.

Spill s from ship collisions will no doubt continue due to human error , but

containment and clean-up techni ques have improved greatly . While monohuoys

have been widely proposed for supertankers outside of harbors , the problems of

containment are greater there . One problem that affects the biota on a world-

wide scale Is the tanker practice of blowing tanks while at sea . Even iso-

lated coral reefs far from harbors but on shipping lanes show globs of crude

in festoons on the corals. It will  take particular care and vigilance to preserv e

som e biological diversity ari d maintain the precarious b iotic-abiotic balance

presently achieved in the Los Angeles-Long Beach Harbor s .

3. ipp lement ary Report of Extension of Contract. We have shown that

the Gymbretox in acts specifically on excitable membranes on the site of the

Active Sodium Channels . The mod e of action Is by competition with the cal-

cium ion on the re sting membr ane moving the c~~ (Na inactivation ) curve along
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the axis of m embr ai ie  potential , and lower in cj the accommodation level.

M ar  in and Padi lla have show n that  our second com poun d has a h e in i o ly l i c

actin on fish red blood cells which is far  more intensive th an  on m a m m a l i a n

red blood cells.

We have investigated in f ish t i ssues  the in f lue r i c  of the various component s .

Sm all mo squ ito f ish (G a mnhusi a afin is )  were placed in f inger  howls .  Three sets

of studies were carried out .

1. fi sh were killed by exposure to the crude m uscle toxin
after only one extraction step .

2. fi sh were killed by exposure to pure Gymbretoxin at a
level of 10 FTU/inl .

3. fIsh were exposed to the hcmolyt ic  fraction at on
equivalent concentration to experiment (2) . The cx—
per imi i cn t  was terminated af ter  15 minutes  without
death and the fish then kil led .

The dead fish in each experiment were dissected and selected tissue

studied for cytolysis.

Paral led experiments were carried — u t  to study the hemolysis resulting

from exposure of red cells to each of - the three si tuation - above .

The results showed clearly that the crude tox in pr oduced death wi th  no

evidence of cytolysis , although direct exposure of red cells to the crude toxin

caused hemolysis.  The pure toxin Gymbr etoxi i i  produc ed neither cyt&y sis  nor

homolysis . The pure sccond fraction which henio lysed red blood cells also pro-

duced cytolysis of f ish  muscle cells although it did not kil l  the f i sh  in the du r o—

tion of the experiment. -


