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ABSTRACT

Surrogate  contaminant v a r ia b le s  (heavy m e ta ls ,  o rg a n ic s ,  physical 
oceanographic da ta )  can be used to p re d ic t  th e  incidence of p o s i t iv e  
c u l tu re s  of Acanthamoeba sp . in  oceanic sed im ents . Amoebae d a ta  are 
drawn from f iv e  y e a rs  of study involving s t a t i o n s  in N a rrag an se t t  Bey, 
Rhode Is la n d ,  th e  New York B ig h t ,  and the  Philadelphia-Camden dumpsite, 
and a sso c ia ted  p o l lu t io n  param eters  are drawn from l i t e r a t u r e  sources , 
computerized marine p o l lu t io n  da ta  bases, and other a rc h iv e s .

The S t a t i s t i c s  Analysis System (SAS) MAXR2 improvement technique 
(s tepw ise  re g re s s io n )  and general l in e a r  model procedures a re  used to 
genera te  c o r r e la t io n s  fo r  su r ro g a te  v a r ia b le s  and produce f in a l  
p re d ic t iv e  models and t a b l e s .  Model procedures fo r  the  th re e  study 
areas  are most v a l id  fo r  N a rrag an se tt  Bay and the New York B ight but 
l e s s  v a lid  fo r  the  Philadelphia-Camden dumpsite due to the  small 
quan tity  of r e le v a n t  d a ta .  The Durbin-Watson s t a t i s t i c  i s  used to  t e s t  
fo r  a u to c o r re la t io n  of model re s id u a ls  and, using th is  t e s t ,  th e  
Philadelphia-Camden model i s  again found to  be the l e a s t  v a l i d ,  although 
app licab le  w ith in  l im i t s .

The d iv is io n  of contam inant v a r iab les  in to  " t a c t i c a l"  ( s h o r t - te rm ,  
simple a n a ly s is )  and " s t r a t e g i c "  ( long-term , more complex a n a ly s is )  
c a te g o r ie s  enhances the p r e d ic t iv e  e f f o r t  through the in t ro d u c t io n  of a 
c o s t - e f f e c t iv e  procedure e v a lu a t io n .  G en era l ly ,  the simple v a r ia b le s  
p re d ic t  th e  inc idence  of p o s i t i v e  Acanthamoeba c u l tu re s  as well as the 
more complex d a ta  s e ts .

There a re  s u f f i c i e n t  d a ta  and ap p l ic ab le  computer programs to 
produce usefu l r e s u l t s  fo r  an in v e s t ig a t io n  involving p o te n t i a l l y  
pathogenic protozpans and p u b l ic  health  management d ec is io n s  may be made 
using the t a b le s  and formulae generated using these p rocedures .

x



A STATISTICAL MODEL TO PREDICT THE INCIDENCE OF 

PATHOGENIC PROTOZOA ( AMOEBIDA:ACANTHAMOEBIDAE) 

IN OCEANIC SEDIMENTS USING SURROGATE VARIABLES



INTRODUCTION

In 1980 a m ic rob io log ica l s tudy  of N arraganse tt  Bay, Rhode Island 

was conducted aboard th e  NOAA Ship GEORGE B. KELEZ (R-441). The study 

in c luded  s ta t io n s  from the  v ic in i ty  of the  F ie ld s  Point Sewage Treatment 

P lan t seaward to  25 m iles  south o f the  Rhode I s la n d  shore . S t a t i s t i c a l  

a n a ly s i s  of the da ta  c o l le c te d  during  th i s  c r u i s e  ind ica ted  t h a t  the re  

was, in  t h i s  lo c a t io n  and fo r  th e s e  s t a t i o n s ,  a high p o s i t iv e  

c o r r e l a t i o n  between b a c te r ia l  MPN (most probable number of b a c te r i a  per 

100 grams of sedim ent) and p o s i t iv e  Acanthamoeba s ta t io n s  c u l tu r e d  from 

th e  same benthic m a te r ia l s  (Sawyer, 1980). A negative  c o r r e la t io n  

between th e se  two m ic rob io log ica l  measurements and d is tance  from the  

F ie ld s  Po in t o u t f a l l  a l s o  emerged as s i g n i f i c a n t .  Later c ru i s e s  

confirmed th a t  the  same c o r re la t io n s  could be demonstrated f o r  the  New 

York B ight apex and p o r t io n s  of th e  in a c t iv e  Philadelphia-Camden 

dumpsite (Lear and O 'Malley, 1982; Sawyer, 1980).

During subsequent in v e s t ig a t i o n s ,  however, p o s i t iv e  Acanthamoeba 

s t a t i o n s  were recovered  from s i t e s  in  which no fe c a l  co lifo rm  o r 

s t r e p to c o c c a l  b a c te r i a  were found (Sawyer, 1980) and, the q u e s t io n  arose 

as to  whether or not t h e  incidence of the  Acanthamoeba could be 

p re d ic te d  using v a r ia b le s  o ther than  the  b a c te r i a l  MPN. S ince  the  

amoebae were known t o  feed on b a c te r i a  which were a l iv e  ( reco v e rab le )  

and dead (non recoverab le ) ,  the c o r r e la t io n  appeared to  break down in 

a reas  in  which th e  b a c te r ia  were no longer v i a b l e .  In c o n t r a s t  to  

e n t e r i c  b a c te r ia  which may lose t h e i r  v i a b i l i t y  a f t e r  severa l weeks or 

months, most spec ies  o f  Acanthamoeba form r e s i s t a n t  cysts which may 

su rv iv e  f o r  as long as 33 months a f t e r  r e f r i g e r a t i o n  of sedim ent samples 

(Sawyer, personal communication).
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S t a t i s t i c a l  methods to be presented  below show th a t  s i g n i f i c a n t  

le v e l s  of p o l lu ta n ts  in marine sediments may be as useful as b a c te r ia l  

MPN's fo r  p re d ic t in g  the presence of Acanthamoeba. Acanthamoeba are 

a lso  an im portan t public  health  co n s id e ra t io n .  The in fe c tio n  t h a t  these 

protozpans can cause may r e s u l t  in  ser ious  i l l n e s s  fo r  healthy 

in d iv id u a ls  but i s  more d e v a s ta t in g ,  even f a t a l ,  in  those persons 

a lready possessing  an impaired immune system (Martinez., 1980).

The amount o f  sewage-related m a te r ia ls  dumped in the oceans will 

in c rease  s u b s ta n t ia l ly  by the  y e a r  2000. During t h i s  same p e r io d ,  

popula tions  w ill  increase  and p ressu re  on sh o re l in e  re c re a t io n a l  

f a c i l i t i e s  w ill  r i s e  accordingly (C abell i  e t  a l . ,  1975; Goudette e t  a l . ,

1981). For t h i s  reason, and because the study and cu ltu r in g  o f  the 

Acanthamoeba themselves i s  a h ighly  technical and labor in te n s iv e  

p rocess ,  p e r t in e n t  s t a t i s t i c a l  c o r re la t io n s  between Acanthamoeba and 

o th e r  environmental contaminants which may be used to p re d ic t  th e  

inc idence  of th e  pathogenic protozpa in sediments using su r ro g a te  

v a r ia b le s ,  becomes an important area  fo r  in v e s t ig a t io n .

The p o te n t ia l  value of meaningful s t a t i s t i c a l  c o r r e la t io n s  include:

1. D e linea ting  and c h a rac te r iz in g  the dumpsite (hydrographic 

and geo log ical p r o p e r t i e s ) ;

2. Determining the degree of in f e s ta t io n ,  over time, rep resen ted  

by v a r io u s  microorganisms indigenous to  waste m a te r i a l s ;

3. Estim ating po ten tia l pub lic  health  co n s id e ra t io n s  rep resen ted  

by co n cen tra tio n s  of Acanthamoeba in or near areas o f  

r e c re a t io n a l  f i s h in g ,  swimming, or o th e r  a c t i v i t i e s  assoc ia ted  

with th e  marine environment;



4 . Tracking the  subsequent d isp e rsa l  of th e  m ateria l in o rd e r  to 

determ ine f u r th e r  t h r e a t s  to  marine benthos and human 

p o p u la t io n s ;

5 . E stim ating  the  r a t e  of recovery of in a c t iv e  dumpsltes once 

dumping a c t iv i ty  ceases (P ea rce ,  1981).

Numbers 1-3 above were the  primary c o n s id e ra t io n s  o f  the  s tudy.

Numbers 4 and 5 rep resen ted  ad d i t io n a l  Information which could r e s u l t  

from the  s t a t i s t i c a l  a p p l ic a t io n s  used to  analyze th e  data  s e t s .

The study used f iv e  y e a r s  of accumulated Acanthamoeba f i e l d  d a ta  

and expanded th e  parameters to  inc lude  the  fo llow ing :

1. B a c te r ia l  ( fe c a l  co liform ) MPN ;

2* Acanthamoeba c u l t u r e s ,  p o s i t iv e  and n e g a t iv e / s t a t io n ;

3 . Sediment c o lo r ,  coded from f i v e ,  black mud, to  one, c le a n  sand;

4 .  Sediment g ra in  siz.e { %  s i l t  and c lay ) ;

5. P o ly ch lo r in a ted  b ip h e ry ls  (PCBs);

6 . Coprostanol (a  fe ca l  s t e r o id ) ;

7 . Metals in sediments (copper, le a d ,  z.1nc, e t c . ) ;

8 .  Ratio o f  to ta l  carbohydrates  (TCH) to t o t a l  organic carbon

(TOC) or TCH:T0C;

9. S a l in i t y  a t  sample depth;

10. Temperature a t  sample depth;

11. D is tance  from p o in t  source ( e . g . ,  dumpsite dep o sit io n a l  cen te r  

or o u t f a l l  pipe a p e ra tu re ) ;

12. C urren t p a t te rn s  observed in  th e  areas under study ( d i r e c t i o n  

and speed; c u r re n t  meter and remote sensing in fo rm a t io n ) .
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Data s e t s  which Included b u t were not l im i te d  to th e  parameters 

l i s t e d  above were known to  e x i s t  f o r  th ree  d i f f e r e n t  marine environments 

in  which Acanthamoeba s tu d ie s  had been undertaken:

1. N arrag an se tt  Bay ( e s tu a r y ,  in shore , surrounded on th ree  s id e s  

by landforms; STORET, EPA, 1982; Wrens, 1953) F ig u re  1;

2 . The New York B ight apex (shallow  s h e l f ,  g en e ra l ly  responding to  

m eteoro log ical c o n d i t io n s ;  Beardsley e t  a l . ,  1976; NODC, EDIS, 

NOAA, 1982; STORET, EPA, 1982; W hitledge, personal communica­

t io n )  F igure  2 ;

3 . The Philadelphia-Camden dumpsite ( o f f s h o r e ,  o u te r  co n tin en ta l  

s h e l f ;  Boesch, 1977; O'Malley, personal communication)

Figures 3 and 4.

These d a ta  were used to  t e s t  the  hypothesis  t h a t  the  development of a 

s t a t i s t i c a l l y  v a lid  method fo r  p re d ic t in g  th e  incidence o f  pathogenic 

microorganisms in and around sewage disposal s i t e s  was p o s s ib le ,  and 

th a t  the  c o r r e la t io n  between the  v a r ia b le s  o u t l in e d  above and the 

p ro b a b i l i ty  of o b ta in in g  p o s i t iv e /n e g a t iv e  c u l tu r e s  of Acanthamoeba sp .  

mqy be determined using th i s  method. Furtherm ore, the  use of stepw ise 

r e g re s s io n  techniques may perm it th e  computation of s t a t i s t i c a l l y  v a l id  

p r o b a b i l i t i e s  fo r  th e  presence o r  absence o f  one group o f  f a c to r s  which 

have no t been sampled based upon c o r r e la t io n s  between th e se  su rroga te  

v a r ia b le s  and o ther groups of environmental in d ic a to r s  f o r  which v a lu es  

a re  known.
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Figure  1 N arragansett Bay showing s ta t io n s  sampled fo r  Acanthamoeba. 

The F ie ld s  Point f a c i l i t y  mentioned in  the te x t  i s  west of 

s ta t io n s  3, 4, and 5 (Sawyer e t  a l . ,  1980a, in p r e s s ) .
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Figure 2 .  New York B igh t apex showing s ta t io n s  sampled fo r

Acanthamoeba. The dashed boundary re p re s e n ts  the e a s te rn  and 

sou theas te rn  l i m i t s  of the  a re a  closed to  s h e l l  f ish ing  

(Savyer, 1980b).



li NEW YORK

•  62

•  764

•  763

■ * 3
•791

KN50

“ 761

790̂  >  1385

ftsT \  * \
\  80-5  80-6

757
756

O u u r  boundary of 
zona c lo s e d  to  
s h e l l f i s h i n g

Ysi’̂ 00-2'754 80-3

,•*752
80-4

NM
' •  SH45

■ J' 1958

Figure 2



8

Figure  3 . S i te  lo c a t io n  map fo r  the  Philadelphia-Camden dumpsite

showing th e  dumpsite as a r e c ta n g le  between the  40 and 70 m 

iso b a th s .  Large area  enclosed by dashed l in e s  has been 

sampled ex ten s iv e ly  (400 s t a t i o n s ) .  Also shown a re  the  

t r a n s e c t s  shoreward from the  40 m iso b a th  to th e  Delaware Bey 

and Ocean C ity ,  Maryland o u t f a l l ,  and the  t r a n s e c t  northward 

to  the  New York Bight apex (from O'Malley e t  a l . ,  1982).

F igure  4 . Detail of the  Philadelphia-Camden wastewater sludge d isposal 

s i t e  in th e  n o r th e a s t  A t la n t ic  Ocean. Upper box o u t l in e s  an 

in a c t iv e  ac id  dumpsite. Lower box d e l in e a te s  in a c t iv e  sludge 

dumpsite. P o s i t io n s  a re  shown fo r  s t a t i o n s  in  t h i s  area 

sampled f o r  Acanthamoeba (from Sawyer e t  a l . ,  1982).



40 ‘

-JO E L  AWARE f  .1 
X  BAY / •  ;t

T3‘Z*‘

Figure 3

74*  * > ' r r  •»'

CAPE HENIOPEN 

DELAWARE

•  •

tat.

Figure 4



REVIEW OF THE LITERATURE

The purpose of t h e  following l i t e r a t u r e  review is  to  demonstrate 

th a t  th e  se lec t io n  of su rroga te  v a r ia b le s  noted in  the  INTRODUCTION 

re p re se n ts  a va lid  approach to  t h e  problem of p re d ic t in g  th e  inc idence  

of pathogenic  protozoa (Acanthamoeba) in sediments using s t a t i s t i c a l  

methods. Such j u s t i f i c a t i o n  i s  a necessary  f i r s t  s tep  in th e  

fo rm ula tion  of any c o r r e l a t i v e  model (Basta and Bower, 1979).

Amoebae and B a c te r ia

The a sso c ia t io n  o f  species of Acanthamoeba and b a c te r ia  w ith  sewage 

sludge has been noted by several i n v e s t ig a to r s .  S tud ies  have included 

areas o f f  the  DelMarVa Coast (Lear e t  a l . ,  1981; Lewis and Sawyer, 1979; 

Sawyer, 1979), N arraganse tt  Bay (Sawyer e t a l . ,  1982), and th e  New York 

Bight apex (Sawyer, 1979). Acanthamoeba were abundant wherever sewage 

sludge was d ep o sited .  Species of Acanthamoeba inc luded  severa l th a t  are 

known t o  cause death in  man and an im a ls .  Page (1974) r e fe rs  to  these  

protozoans as "am phizoic", i . e . ,  th ey  are  t y p i c a l l y  f r e e  l iv in g  but may 

be o p p o r tu n i s t i c a l ly  p a r a s i t i c .  The f i r s t  known pathogenic s p e c ie s ,  A.. 

c u lb e r t s o n i ,  to  be i s o l a t e d  from marine sediments was d iscovered  in  1959 

(Culbertson e t a l . ,  1959). Singh and Das (1972) found the  same 

organisms in municipal sewage s ludge  from the c i t y  of Lucknow, In d ia .

The f i r s t  recovery o f  t h i s  spec ies  from oceanic sediments was c a r r ie d  

out a t  th e  National Marine F i s h e r ie s  S e rv ic e 's  Oxford Laboratory by 

Sawyer (1979).

C o rre la t io n  a n a ly s i s  of Acanthamoeba c u l tu re  and b a c te r ia l  MPN data 

from f i e l d  s tud ies  support  the  e x is te n c e  of a r e l a t io n s h ip  between the 

d i s t r i b u t i o n  of Acanthamoeba and a s s o c ia te d  feca l  in d ic a to r  b a c te r ia  

(co lifo rm s and s t r e p t o c c i )  and between these  organisms and th e  degree of

9
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sewage sludge contam ination (Mayer, 1982). These same in v e s t ig a t io n s  

were a lso  va luab le  in  p o in tin g  out those  areas in which th e  c o r r e la t io n  

between these  b i o t i c  in d ic a to r s  and anthropogenic w astes  appeared t o  

break down (Lear e t  a l . ,  1981; O'Malley e t  a l . ,  1982; Sawyer, 1980).

These re p o r ts  s t r e s s  th e  importance of labo ra to ry  procedures 

req u ire d  to  determ ine the  co liform  counts (MPNs). G e n era l ly ,  

a p p ro p r ia te  f a c i l i t i e s  and a t ra in e d  te ch n ic ia n  are  re q u ire d  in o rd e r  to  

o b ta in  va lid  d a ta .  Of p a r t i c u la r  importance are th e  in n o cu la t io n  

p ro ced u res ,  p re p a ra t io n  of proper growth media, tem pera tu re  c o n t ro l ,  and 

a cc u ra te  species  i d e n t i f i c a t i o n .  The c u l tu r in g  of th e  Acanthamoeba 

r e q u i re s  p a in s tak in g  accuracy and in o rd in a te  pa tience  (Sawyer, 1980).

Even i f  a p u b l ic  health  labo ra to ry  has the f a c i l i t i e s  and personnel 

t o  c u l tu re  and id e n t i f y  th ese  organisms and then ca rry  out tem perature  

s p e c i f i c  t e s t s  to  i s o l a t e  pathogenic sp ec ie s  which can grow at 37°C, 

human body tem pera tu re  (Sawyer et a l . ,  1982), the tim e element may be 

too  long i f  an immediate management d ec is io n  is  n e c e s sa ry .

Distance from Poin t Sources

These same pub lished  rep o r ts  con ta in  evidence t h a t  th e re  i s  a v a l id  

neg a tiv e  c o r r e la t io n  between th e  inc idence  of the Acanthamoeba and th e  

d is ta n c e  a t which samples a re  taken from th e  dumpsite d ep osit iona l 

c e n te r  or o u t f a l l  a p e r tu re .  The fu r th e r  away from a p o in t  source t h e  

samples are ta k en ,  th e  le ss  i s  the  p ro b a b i l i ty  of o b ta in in g  p o s i t iv e  

c u l tu r e s  of th e  amoebae and high b a c te r ia l  MPNs (O'Malley e t a l . ,  1982; 

Sawyer e t a l . ,  1982).

Metals in Sediments

The contam ination of marine sediments by metals has been the 

s u b je c t  of much a t t e n t io n  in recent years  (Donozzolo e t  a l . ,  1981;
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S e l l i  e t  a l . ,  1977). A la rg e  body of r e l a t i v e l y  recent data  a lso  e x is t  

fo r  the New York Bight area (Calabrese e t  a l . ,  1982; Gross, 1975; Young,

1982). M ueller and Anderson (1978) compiled an ex tensive monograph on 

the  re s u l ts  o f  th e  Marine Ecosystems Analysis (MESA) s tu d ie s  c a r r ie d  out 

in  the  Bight inc lud ing  sources fo r  environmental copper, z in c ,  cadmium, 

lead , and chromium. These s tu d ie s  in d ica te  t h a t  concen tra tions  of 

metals in sediments are h ighes t  near the d e p o s it io n a l  cen ters  of sewage 

dumpsites and t h a t  the  amount of metal p resen t decreases as d is ta n ce  

from th i s  c e n te r  increases  (Hershelman e t  a l . ,  1981). In f a c t ,  

concen tra tions  of some metals may be 100 times higher than ambient 

environmental le v e ls  in and around sewage d isposa l lo ca tions  (Boehm, 

personal communication).

Fecal S te ro id s  (C oprostanol)

The use of fecal s te ro id s  (coprostanol) as in d ic a to rs  of sewage 

contamination has been shown to  have a p r a c t ic a l  ap p lica t io n  (O'Conner 

e t  a l . ,  1982). When the coprostanol rep resen ts  a high percentage of the  

t o ta l  environmental s te ro id s  measured (10-1556), a q u a n t i ta t iv e  

re la t io n sh ip  can be computed between the percentage  of s te ro id s  and the  

amount of sewage re la ted  organic  m atter (Hatcher and M cG illivary , 1979). 

In f a c t ,  once deposited , coprostanol p e r s i s t s  in  anaerobic low -lying 

areas in which th ese  m a te r ia ls  concentra te  and can be used as an 

in d ic a to r  of previous waste d isposa l a c t i v i t i e s  (Hatcher and 

M cGillivary, 1979). In th e se  s tu d ie s ,  coprostanol from actual sewage 

treatm ent f a c i l i t i e s  was analyzed in order to  demonstrate th a t  

environmental s te ro id s  were derived  from both ocean-dumped and sewage 

o u tfa l l  m a te r i a l s .  The r e s u l t s  showed th a t  coprostanol could be used to  

d e lin ea te  v e r t i c a l  and ho rizo n ta l  sediment p r o f i l e s  fo r  sewage
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contam ination and t h a t  percen tages  of coprostanol decreased d i r e c t ly  

w ith  d is tan ce  from the  p o l lu t io n  p o in t  source (H atcher e t  a l . ,  1977).

The Ratio o f  Total Organic Carbon (TOC) to  Total Carbohydrate (TCH)

Hatcher and K e is te r  (1976) rep o r ted  t h a t  the  r a t i o  of TOC to  TCH 

could a lso  serve  as an In d ic a to r  of sewage sludge con tam ination . When 

th e  r a t i o  TCH:T0C was g re a te r  than  or equal to  30, the  value may be 

a t t r i b u t e d  to m a te r ia l s  derived  from sewage. The extremely high va lues  

in  th e  C h rls t ia en sen  Basin, New York B igh t, rep o r ted  by Hatcher and 

K e is te r  (1976), r a t i o  values of 40 to  60, and the  ev iden t decrease  in  

v a lu e s  toward th e  s h e l f  edge, in d ic a te  a c o r r e la t io n  which r e p re se n ts  a 

v a lu ab le  su rro g a te  v a r ia b le  fo r  the  proposed c o r r e l a t i v e  model.

P o ly ch lo r in a ted  Biphenyls (PCBs)

PCBs a lso  r e p re s e n t  an a p p ro p r ia te  su rro g a te  v a r ia b le  fo r  use as a 

sewage p o l lu t io n  in d ic a to r .  West and Hatcher (1980) showed t h a t :

1 . "D espite  th e  l im ited  r e c e n t  use of PCB's, sewage sludges 
con tinue  to e x h ib i t  a high c o n cen tra t io n  of PCB's.

2 . Upon dumping of s ludge In to  the  ocean, PCB's are  rap id ly  
removed from the water column v ia  scavenging p a r t i c u l a t e  
m a t te r .  This s e t t l i n g  of p a r t i c u l a t e  m atte r  occurs over 
a very s h o r t  period of time and i s  probably an Im portant 
mechanism fo r  rap id  t r a n s p o r t  of PCB's to  s u r f i c i a l  
sed im ents .

3 . The h ig h e s t  PCB co n cen tra t io n s  in  s u r f i c i a l  sediments were 
found in  a small a rea  o f  the  C h r is t ia en se n  Basin near the  
sewage sludge dum psite . These high va lues  are  probably 
a sso c ia te d  with the  re c e n t ly  d eposited  sludge which remains 
as a soupy la y e r  above o ld e r ,  more co nso lida ted  muds.

4 . PCB d i s t r i b u t i o n  in a box core suggest t h a t  high PCB 
c o n c e n tra t io n s  have e x is te d  s ince  the  in tro d u c t io n  of these  
chem icals 1n 1955, and t h e i r  subsequent widespread use and 
t h a t  l e v e l s  a re  a lso  c o r r e la te d  to  d ram a tica l ly  Increased 
volumes o f sludge dep o sited  in the  Bight Apex s in ce  1952."
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Sediment Parameters

Numerous s tu d ie s  have been made on the  sediment regime in  a reas  

under c o n s id e ra t io n .  Freeland and Swift (1978) t r e a t  the  New York Bight 

in  co n s id e rab le  d e t a i l .  The m a jo rity  of papers mentioned almost always 

inc lude  a d e sc r ip t io n  of sediment co lor and/or g ra in  siz.e fo r  each 

sample taken r e g a rd le s s  of the  purpose fo r  which the  s t a t io n  was 

occupied (Douglas, 1981; Eisma, 1981). These d e s c r ip t io n s  range from 

"b lack  mayonnaise" (H a r r i s ,  1974), to "c lean  white sand" (Hatcher and 

M cG illivary , 1979). Sediment c o lo r ,  nominal d a ta ,  can be coded in to  

o rd ina l form ( e . g .  "5" fo r  b lack  sediments to "1" fo r  c lean  sand) and 

used in  s t a t i s t i c a l  computations (Z ar ,  1974). There a re  a lso  h i s t o r i c a l  

d a ta  o f  s u f f i c i e n t  q u a l i ty  to  perm it comparison between arch iva l d a ta  

( l i t e r a t u r e ,  computer da ta  base) and dominant sediment ty p e s /c o lo r s  in  

the  New York B ight (G ross, 1975) the  o u te r  con tin en ta l  s h e l f  (Boesch, 

1975), N a rrag an se tt  Bay (Wrens, 1953), and fo r  a l l  th re e  areas  combined 

(N ational Geological Survey Marine Geology Data Inven to ry , 1982; ORCA, 

1981; STORET, EPA, 1982).

C irc u la t io n  P a t te rn s

The c i r c u l a t i o n  p a t te rn s  which determ ine the  d i s t r i b u t i o n  of 

sediments and o th e r  suspended sol Ids a re  a lso  well documented 

(Kavanaugh, 1980; F isher e t  a l . ,  1979). The New York B ight c i r c u l a t i o n  

has been desc ribed  by Gross (1975) , Hansen (1977), and, more r e c e n t ly ,  

using s a t e l l i t e  imagery, by Monday (1982). Data fo r  th e  o u te r  

c o n t in en ta l  s h e l f  a re  a v a i la b le  In Goldsmith (1974, 1977) and Butman 

(1977). N a rrag an se tt  Bay t i d a l  c u r re n ts  a re  the  s u b je c t  o f  a paper by 

Swanson and Spauling (1979). Recent emphasis in  c u r re n t  regime 

in v e s t ig a t io n s  has sh i f te d  somewhat from f i e l d  to  modelling s tu d ie s .  At 

p re s e n t ,  mary models e x i s t  f o r  p o l lu t io n  d is p e r sa l  and th ese  may be
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app lied  to  a l l  o f th e  geographic areas involved in th e  p resen t study 

(Hinson, 1979; Ingham, 1982; Whitledge and 0 ‘Conner, personal 

communications).

S a l in i ty  and Temperature

S a l in i ty  and tem perature rep resen t th e  most complete marine data  

f i l e s  a v a i lab le  (NODC/EDIS/NOAA, 1982). These measurements, which a re  

ro u t in e ly  taken in almost a l l  oceanographic in v e s t ig a t io n s ,  describe  the  

basic  environmental l im its  w ith in  which a l l  marine b io lo g ic a l  a c t i v i t i e s  

ta k e  place and, fo r  t h i s  reason a lone, rep re sen t  im portant parameters in 

any c o r r e la t iv e  model. There a re  in d ic a t io n s  th a t  many of the  

Acanthamoeba c u l tu re d  from marine sediments a re  in cy s t  form and become 

a c t iv e  when exposed to  ap p ro p ria te  tem perature and n u t r i e n t  regimes in  

th e  labora to ry  (Sawyer, 1980). There may be a connection between th e  

a b i l i t y  of the  amoebae to  form cy s ts  and ambient tem perature  and 

s a l i n i t y .  There may be some tem peratures a t  which the  amoebae forming 

cy s ts  d ie  and ano ther at which th e  viable  organisms may emerge under th e  

proper c o n d it io n s .  S t a t i s t i c a l  c o r re la t io n s  may provide evidence fo r  

such a re la t io n sh ip  i f  one e x i s t s .

The preceeding review has c i te d  numerous examples of surrogate  

v a r iab le s  which may follow th e  same general d i s t r ib u t io n a l  trend  as th e  

Acanthamoeba in and around ocean disposal s i t e s  for municipal sewage 

s lu d g e . S a l in i ty  and tem pera tu re , which tend  to  be p o s i t iv e ly  

c o r re la te d  with d is tance  from a point source in e s tu a r i e s ,  and cu rren t  

p a t te r n s ,  which a re  a mechanism through which p o l lu ta n t  d i s t r ib u t io n  may 

be exp la ined , are  the  only two v a riab le  s e ts  which do not follow t h i s  

general p a t te rn .  The r a t io n a le  fo r  inc lud ing  these  two measurements, 

however, has been noted.



METHODOLOGY

R ationale  fo r  Separa tion  of Surrogate  V ariables  in to  " S t r a te g ic ”
(Long-Term) and '" t a c t i c a l "  (Short-TermT

The primary o b je c t iv e  of the  p re se n t  in v e s t ig a t io n  was the 

i d e n t i f i c a t i o n  and q u a n t i f i c a t io n  of v a l id  surrogate  v a r ia b le s  which 

could be used to  p re d ic t  th e  incidence o f  Acanthamoeba in  sedim ents. A 

secondary, bu t no le s s  im portan t aspec t o f  the  p ro je c t  was the 

development of a procedure which could be used by pub lic  health  and 

environmental managers to  ra p id ly  a sse ss  a given s i t u a t i o n .  These 

s i t u a t io n s  would be those in  which the presence of Acanthamoeba would 

r e p re se n t  a t h r e a t  to human hea lth  ( e . g . ,  contamination o f a beach a re a ;  

Martinez., 1980).

I f  an immediate d e c is io n  in  such cases  was re q u i re d ,  the  param eters 

used must be s e le c te d  so t h a t  they r e p r e s e n t  the bes t  combination o f  

a ccu ra te  p re d ic t io n  (determ ined by s t a t i s t i c a l  methods), and 

uncomplicated a n a ly s i s .  The separa tion  of surrogate  v a r ia b le s  in to  

" s t r a t e g ic "  and " t a c t i c a l "  c a te g o r ie s  appears 1n Table 1 .

The most complex of the  " t a c t i c a l "  or short-term  ana lyses  i s  

b a c te r ia l  MPN which can be a sce r ta in ed  in  a minimum of 48 hours.

Although 48 hours i s  req u ired  fo r  a feca l conform  a n a ly s i s ,  public  

hea lth  l a b o r a to r i e s ,  inc lud ing  those a t  the  municipal l e v e l ,  maintain 

f a c i l i t i e s  f o r  t h i s  purpose. The degree o f  contam ination by other 

substances (m e ta ls ,  s t e r o i d s ,  e t c . )  i s  g e n e ra l ly  sen t to  o rg a n iz a t io n s  

with more expensive and s o p h is t ic a te d  equipment. The re a so n , then, f o r  

inc luding  the  MPN a n a ly s is  in  the sh o r t- te rm  column i s  t h a t  th is  

procedure i s  the  most complex procedure which public h e a l th  la b o r a to r ie s  

can perform on a ro u tin e  b a s is  (Adams, personal communication; American 

Public  Health A sso c ia t io n ,  1970).

15
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Once t h i s  d iv is io n  of v a r ia b le s  had been made, the  modeling 

procedure was repeated using each v a r ia b le  s e t  (complex and rapid  

response) to  decide i f  an a n a ly s is  of a g iven  environmental problem 

involving Acanthamoeba could be r e a l i s t i c a l l y  accomplished using only 

the  " t a c t i c a l "  s e t  of v a r i a b l e s .  I f  th e se  v a r i a b le s ,  in  them selves, 

were not s u f f i c i e n t ,  then th e  v a r ia b le s  from the "complex" s e t  would 

have to be inc luded  in o rd e r  to  make th e  p re d ic t io n  procedure v a l id .

The program was ad justed  to  reveal which v a r i a b le s ,  i f  any, were the  

most a p p l ic a b le  in the  sh o r t - te rm  mode.

Assessment of Data A v a i la b i l i ty

The l i t e r a t u r e  review in d ic a ted  t h a t  several su r ro g a te  v a r ia b le s  

ex is ted  which might be in co rp o ra ted  in to  a c o r r e l a t i v e  s t a t i s t i c a l  

model. The n ex t step involved an ev a lu a tio n  of e x is t in g  l i t e r a t u r e ,  

automated a rc h iv e s ,  and d a ta  base l i s t i n g s  to  determ ine th e  a v a i l a b i l i t y  

and s u i t a b i l i t y  of a c tu a l ,  in  s i t u  va lues  fo r  th ese  param eters (see  

Appendix A f o r  d e sc r ip t io n  of a rch ives  used during t h i s  phase).

B ib lio g rap h ic  f i l e s  were accessed (DIALOG, SDI, e t c . )  using 

ap p ro p ria te  keyword e n t r i e s  to  in su re  t h a t  the  most r e c e n t  c i t a t i o n s  

were being used as source r e f e re n c e s .  Other da ta  bases (NODC, NGSDC, 

e t c . )  were queried  using geographic  co o rd in a tes  which described  the 

boundaries o f  the  th ree  a reas  under study (N a rra g a n se t t  Bay, New York 

B ight, and Philadelphia-Camden dum psite).

Once th e  general in fo rm ation  from each source had been received in  

computer p r i n t o u t  form, d a ta  were sorted  so t h a t  the  a rch iv a l  

inform ation matched, as c lo se ly  as p o s s ib le ,  the  time of sampling and 

lo ca t io n  of th e  134 Acanthamoeba study s t a t i o n s .  To accomplish th i s  

so rting  t a s k ,  a rad ius  of 0 .05  nau tica l  m iles  (nm) was drawn from the
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Table 1. T a c t ic a l  ( s h o r t - te r m ,  
complex) v a r i a b l e s .

sim ple) and s t r a t e g i c  ( lo n g - te rm ,

T ac tica l* S tra teg ic* *

Coliform MPNs Heavy metal a n a ly s is

Temperature PCB Analysis

S a l i  ni fy Organic analyses (c o p ro s tan o l ,  organic  
carbon)

Di s tance G eological analyses (g ra in  s iz .e ,  
p e rc e n t  s i l t  and clqy)

True bearing

Sediment c o lo r

^ S i n e e  Acanthamoeba c u l tu r e s  are th e  dependent v a r ia b le .  This  
procedure- f s  hot i ncluded in  the t a b l e .

*The term " t a c t i c a l "  r e f e r s  to an a ly ses  which a re  r e la t iv e ly  easy to  
perform o r  to  values which can be determined by inspection  in  s i t u . 
The most "complex" of th e s e  i s  b a c te r i a l  MPN. These v a r i a b le s ,  with 
exception o f  MPNs and sediment co lo r  a re  g enera lly  c o l le c ted  during 
apy oceanographic in v e s t ig a t io n .

**The term " s t r a t e g ic "  r e f e r s  to an a ly ses  which req u ire  more tim e and 
s o p h is t i c a te d  equipment than  those l i s t e d  as t a c t i c a l .
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c e n te r  of each s t a t io n  lo c a t io n  e s ta b l i s h in g  a 0.10 nm c i r c l e  around 

each of the  134 s t a t i o n s  ( th e  optimum r e p e a t a b i l i t y  of Loran "C“ , the  

most widely used n av iga tion  a id  f o r  p o s i t io n in g  the v e s s e ls  in v o lv ed ) .  

The da te  and time of each s t a t i o n  sampled (31 fo r  N arrag an se tt  Bey, 44 

fo r  the  New York B igh t,  and 59 f o r  the  Philadelphia-Camden dumpsite) 

were en te red  and so r ted  so t h a t  the  inform ation  taken from the a rch iv a l  

d a ta  had been sampled as c lo se ly  as p o ss ib le  to  the  ac tu a l  da te  and time 

of Acanthamoeba s t a t i o n  occupa tion .

The da ta  were then re s o r te d  using these  time and lo c a t io n  l i m i t s .  

The f in a l  p roduct was a l i s t i n g  of va lues f o r  su rroga te  v a r ia b le s  (12 

f o r  N arrag an se tt  Bay, 20 fo r  the  New York B igh t,  and 12 fo r  the  

Philadelphia-Camden dumpsite) matched in time and space to  the  

Acanthamoeba s t a t i o n s  (se e  Table 2 ) .

Evaluation of Modeling S t r a t e g ie s

There were numerous e x c e l l e n t  resou rces  a v a i la b le  which d esc ribed  

v a r io u s  modeling s t r a t e g i e s  (B asta  and Bower, 1979; Gold, 1977; Green, 

1979; Nihoul, 1975). Because th e  primary o b je c t iv e  of the  p re se n t  

e f f o r t  was th e  p re d ic t io n  of the  inc idence  o f  pathogenic protozpa in  

marine sediments using su rro g a te  v a r ia b le s ,  the  s t a t i s t i c a l  or 

c o r r e l a t i v e  approach using stepw ise  re g re s s io n  was considered  to  be the  

most p ro d u c t iv e .  This method emphasized the  s t a t i s t i c a l  r e l a t io n s h ip  

( c o r r e l a t i o n )  between v a r ia b le s  as opposed to  the  mass-energy modeling 

scheme which a ttem p ts  to  e x p la in ,  id e n t i f y ,  and c re a te  equations  which 

d e sc r ib e  the  physical mechanisms which d r iv e  a p a r t i c u l a r  system (Amick 

and Walberg, 1975; Hinson, 1979; Leedertse  and G r i t to n ,  1972, 1977; 

Leedertse  and L iu , 1974; T racor,  1971).
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Table 2 . V ariab le  s e ts  fo r  th e  th ree  geographic a reas  under study based on 
t im e/space  so r t in g  r e s t r a i n t s  of archived d a ta .

N a rrag an se tt  New York Philadelphia-Camden 
V ariab le  ADP Code Bsy Bight apex Dumpsite

D istance from 
p o in t  source 
or s i t e  cen te r DIST X X X

True bear in g , 
in degrees , from 
p o in t  source or 
s i t e  c en te r BNT X

P ercen t p o s i t iv e  
Acanthamoeaba 
c u l tu r e s  a t  
s t a t io n

PCUL 
( dependent 
v a r ia b le ) X X X

Total organic 
carbon (using 
modi f i  ed 
Schollenberger 
chromic acid 
o x id a tio n  
techn ique) TOC X X X

Lead (PPM) PB X X X

Mercury (PPB) HGB X X X

Copper (PPM) CU X X X

Chromium (PPM) CR X X X

Cadmium (PPM) CDM X X

Zinc (PPM) ZNM X X X

S i lv e r  (PPM) AGM X

Nickel (PPM) NIPM X X

Coliform count 
( lo g ) LFCC X X X

Temperature ( °C) TC X X X

S a l in i ty  (PPT) SPT X X X



Table 2. (continued)

V ariable ADP code
N arrag an se tt

Bay
New York 

B igh t apex
P h ilad e lp h i  a-Camden 

dumpsite

Sediment co lo r  
(coded) SCLR X X X

Percent s i l t PSILT X X

Percen t clay PCLAY X

PCBs ( PPB) PCB X

P ercen t
coprostanol of 
to t^ l  s t e r o id s PCOP X

The r a t i o  
of to ta l  
carbohydrate  
to  to ta l  organic  
carbon (TCHrTOC) TCHTOC X

Note: Some v a r ia b le s  l i s t e d  under a p a r t i c u la r  s i t e  mqy no t have met the
c r i t e r i a  fo r e n try  in to  the  modeling p ro c e ss .  See t e x t  fo r  
e x p lan a tio n .
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At th i s  p o in t ,  the  th r e e  i n i t i a l  s te p s  fo r developing a c o r r e la t iv e  

model had been completed (Basta and Bower, 1979);

1. Relevant causal su r ro g a te  v a r ia b le s  had been se le c ted  based on 

a study of the  system;

2. The s t r u c tu r a l  form of the  r e la t io n s h ip  between the 

su r ro g a te  v a r ia b le s  and the dependent v a r ia b le  ( e . g . ,  

c o r r e la t io n )  had been hypothesized;

3. Data s e t s  fo r  each of the  su r ro g a te  v a r ia b le s  had been 

obta ined  from a rch iv es  and th e  l i t e r a t u r e  f o r  use in 

the  model.

S e lec t ion  of a S u i ta b le  Computer Program

The small a r ray  of 134 s ta t io n s  and the  a v a i l a b i l i t y  of values for 

only 20 su rro g a te  v a r ia b le s  made maximum u t i l i z a t i o n  of a l l  in form ation  

v i t a l  to  the  success of th e  p ro je c t .  S ince the  proposed c o r r e l a t i v e  

model was based on the v a l i d i t y  of c o r r e la t io n s  between independent 

v a r ia b le s  and p o s i t iv e  Acanthamoeba c u l t u r e s / s t a t i o n ,  a program which 

ev a lua ted  a l l  v a r ia b le s ,  re g a rd le ss  of t h e i r  in d iv id u a l  c o n tr ib u t io n  to  

t h e  system, and produced a r e s u l t  based on an optimum se le c t io n  fo r  each 

f a c to r  was e s s e n t i a l  (C h a t te r je e  and P r i c e ,  1975).

A fte r  a review of sev e ra l  program options (M artin , 1975; R als ton ,

1983), the  Maximum R2 Improvement (MAXR; stepwise re g re ss io n )  contained  

w i th in  the  S t a t i s t i c a l  A nalysis  System (SAS) package was s e le c te d  as the 

b e s t  option (Goodnight, 1979).

P repara tion  of Data f o r  Analysis

Raw data were e x tra c te d  from the  computer f i l e s  which had been 

s o r te d  using t im e / lo c a t io n  r e s t r a i n t s  and transform ed fo r  use w ith  the  

IBM 4341-2 system (8 megabytes, MVS 3.8H) a t  the  V irg in ia  Community 

C ollege  Host Computer C en te r .
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Reported D is t r ib u t io n  of Acanthamoeba on th e  East Coast 

A number of o th e r  s t a t io n s  were considered in  t h i s  study which 

rep resen ted  a s e r i e s  of samples from Ocean C ity ,  Maryland to  Georges 

Bank. These s t a t i o n s ,  which were i n i t i a l l y  c le a r  of both Acanthamoeba 

and b a c t e r i a ,  were lo ca ted  from two to  100 miles o f f sh o re  (Sawyer, e t  

a l . ,  1982). All of th e se  s ta t io n s  were lo ca ted  in a reas  in which th e r e  

were no known anthropogenic in p u ts  ( e . g . ,  dumpsites or o u t f a l l s ) .  

However, repeated  sampling of s t a t i o n s  lo ca ted  near th e  mouths of major 

e a s t  and g u lf  coast r iv e r s  and e s t u a r i e s ,  revealed  pockets of 

Acanthamoeba not p rev ious ly  reported  in th e se  a re a s .  Analysis of 

samples from th e se  s t a t i o n s  in d ic a ted  th a t  increased  waste loading a t  

th e s e  s i t e s  had caused a buildup o f o rgan ic  m a te r ia ls  and subsequent 

decay, which encouraged th e  growth o f th e  p ro tozoans. Other o f f sh o re  

a reas  not su b jec t  to  o rgan ic  loading continued to  remain c le a r  of any 

i n f e s t a t i o n  (Sawyer, personal communication).



RESULTS

The stepwise reg ress ion  techn ique  was ap p lied  to  th r e e  se ts  of 

d a ta ,  one from each geographic a re a .  When t h i s  procedure y ie lded  a 

s u f f i c i e n t  mix of “t a c t i c a l "  and " s t r a te g ic "  param eters, th e  stepwise 

reg ress io n  was rerun using th e  two d i f f e r e n t  v a riab le  s e t s .  In t h i s  

way, an eva lu a tio n  could be made between th e  complex and short-te rm  

a n a ly t ic a l  r e s u l t s  to  see i f  th e  add ition  of one or more of the  

su r ro g a te  v a r ia b le s  requ iring  more complicated labora to ry  analysis  

s i g n i f i c a n t ly  in c reased  the  values o b ta in ed .

C o rre la t io n  m atrices  were generated fo r  a l l  v a r iab les  from a ll  

reg io n s .  These r e s u l t s  made p o s s ib le  a ta b u la t io n  of a l l  va riab les  

c o r r e la te d  with th e  p o s i t iv e  Acanthamoeba s t a t i o n s  fo r  each study a re a .  

In a d d i t io n ,  p re lim inary  re la t io n s h ip s  between a l l  v a r ia b le s  in the  s e t  

could be determ ined, by in s p e c t io n ,  from th e se  t a b le s .

The general l i n e a r  model package was used , in the  l a s t  stage of 

a n a ly s i s ,  to  produce the  “b es t"  model or models from a given area based 

upon those  v a r ia b le s  which were se lec ted  as most highly c o r re la ted  w ith  

th e  p o s i t iv e  Acanthamoeba s t a t io n s  and which were found to  s ig n i f i c a n t ly
p

in c re a se  th e  Rc v a lu e s .  For each model so produced, a p red ic t io n  t a b l e  

was generated  which could be used by an environmental manager in 

decision-m aking. This ta b le  was designed to  d isc r im in a te  between a 

p re se le c te d  level of "ambient in f e s ta t io n "  by Acanthamoeba and poss ib le  

popula tion  le v e ls  e leva ted  above t h i s  p re se le c te d  b a se l in e .  The t a b le  

a lso  made p o ss ib le  a determ ination of e r ro r  r a t e  (percentage of c o r re c t  

or in c o r r e c t  p re d ic t io n s )  determined by the  b a se lin e  s e le c te d .

22
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Once these  analyses  were completed, summaries were produced fo r  

each area  and comparisons made between the  d i f f e r e n t  environmental and 

hydrographic reg im es. The s ig n if ic a n c e  o f  th e se  f in d in g s  i s  d iscussed  

below.

Data Summaries

These d a ta  summaries a re  arranged by geographic a rea  from north to 

sou th . For complete l i s t i n g s  of a l l  raw d a ta ,  see m ic ro fiche  

appendices.

N arraganse tt  Bay

Table 3 c o n ta in s  the summary fo r  a l l  v a r ia b le s  used in  the  

N arrag an se tt  Bc|y stucjy c o r re la te d  with the  v a r ia b le  PCUL (p e rc e n t  

p o s i t iv e  Acanthamoeba c u l t u r e s / s t a t i o n ) . F igure  5a i s  a graphic  

p re se n ta t io n  of th ese  c o r r e la t io n s .  Appendix B (fo u r  pages) con ta in s  

th e  complete c o r r e la t io n  m atrix  fo r  a l l  N arrag an se tt  Bay v a r ia b le s .

In Table 4 , the stepwise re g re ss io n  improvement technique i s  

surranarized. V ariab les  are  presen ted  in the  o rder  in  which the  procedure 

added them to  the  model. Tables  5 and 6 co n ta in  da ta  fo r  the  two "best"  

models fo r  th e  N arraganse tt  Bay s t a t io n s  sampled. F igure 6a p resen ts  a 

graph of the  ac tua l in s i t u  va lues  fo r  p o s i t iv e  Acanthamoeba 

c u l t u r e s / s t a t i o n  p lo t te d  a g a in s t  the  p red ic ted  p o s i t iv e  c u l tu re s  fo r  

th e se  same s t a t i o n s  based on the  su rroga te  v a r ia b le  model.

New York B ight

Table 7 1s a summary of c o r r e la t io n s  between 20 su rro g a te  v a r ia b le s  

and the  v a r ia b le  PCUL. F igure  5b i s  a g raph ic  re p re s e n ta t io n  of th e se  

same data  designed to show th e  range of c o r r e la t io n  c o e f f i c i e n t s .  

Appendix C ( s ix  pages) con ta in s  the complete c o r r e la t io n  m atrix  f o r  a l l  

21 v a r ia b le s  used in  the  New York Bight phase of the in v e s t ig a t i o n .
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Table 3 . Summary t a b le  fo r  the  N arraganse tt  Bay a re a .  All v a r ia b le s
c o r re la te d  with v a r ia b le  "PCUL" (p e rc e n t  p o s i t iv e  Acanthamoeba 
c u l t u r e s / s t a t i o n ) .

Environmental
v a r ia b le

"N" fo r  
v a r ia b le

C o rre la t io n  
with PCUL

S ig n if ic an c e  of 
c o r r e la t io n

D istance  in  
n a u t ic a l  m iles  
from p o in t  source 31 - .8 3 .0001

Sediment co lo r  
( coded) 31 - .4 2 .0016

S a l in i ty 29 1 • CO CT
i

.0614

Temperature (°C) 29 - .0 4 .8462

Lead 16 .23 .3936

Chromium 12 .32 .3053

Cadmium 14 .36 .2056

Zinc 12 .36 .2565

Total organic  
carbon 31 .58 .0006

Mercury 15 .59 .0199

Col iform MPN 31 .68 .0001

Copper 9 .72 .0292

Note: For complete l i s t i n g  o f a l l  raw data  see m icrofiche  appendices.
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Figure 5 A comparison of c o r re la t io n  c o e f f ic ie n ts  fo r  a l l  v a r ia b le s  

with the v a r ia b le  "PCUL" ( p o s i t i v e  Acanthamoeba c u l tu re s /  

s t a t i o n )  fo r  a l l  th ree  geographic areas under study.
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Table 4. Stepwise reg ress io n  procedure f o r  a l l  v a r ia b le s  and the  
v a r ia b le  "PCUL" (pe rcen t p o s i t iv e  Acanthamoeba c u l tu r e s /  
s t a t i o n )  fo r  N arraganse tt  Bay.

V ariab les  added 
t o  model in 
o rder added M ultip le  R2

M ultip le  
R value F value

P r o b a b i l i ty  
of l a r g e r  F

D istance .73 .85 71.44 .0001

S a l in i ty .74 .86 37.07 .0001

Total organic 
carbon .76 .87 26.60 .0001

Temperature (°C) 
*

.77 .88 20.22 .0001

Sediment co lor 
(coded) .77 .88 15.71 .0001

Coliform MPN .77 .88 12.53 .0001

*This l in e  re p re se n ts  an a r b i t r a r y  cu to ff  po in t above which R2 did  not 
appear to  in c re a s e .
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Figure  6 . A comparison of p red ic ted  values fo r  the  v a r ia b le  "PCUL"

( p o s i t i v e  Acanthamoeba c u l t u r e s / s t a t i o n )  and th e  actual in  

s i t u  v a lu es  obta ined  from f i e l d  s tu d ie s  fo r  a l l  geographic 

areas under s tudy . S ta t io n s  arranged from low est to h ig h e s t  

p red ic ted  c u l tu re  va lues .
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Table 5. General l in e a r  models procedure fo r  " t a c t i c a l "  ( sh o r t- te rm , 
or rap id  a n a ly s is )  v a r ia b le s  f o r  N arraganse tt  Bay.

V ariab les  used 
in  model

M ultip le  R2 
f o r  model

M ultip le  
R value 
fo r  model

F value 
fo r  model

P ro b a b i l i ty  
of l a rg e r  F 
f o r  model

Distance

Coliform MPN .53 .73 14.81 .0001

Temperature

Table 6. The ad d it io n  of t o t a l  o rganic  carbon (TA) to  the  v a r ia b le s  
in  Table 5: d is ta n c e ,  co lifo rm  MPN, and tem p era tu re ,  „
provided th e  only s ig n i f i c a n t  in c re a s e  in  th e  m u lt ip le  
value (from .53 t o  .56 , which re s u l te d  in an in c re a se  in R 
from .73 to  .7 5 ) .

V ariab les  used 
in model

M ultip le  R2 
f o r  model

M ultip le  
R value 
fo r  model

P ro b a b i l i ty  
F value  of la rg e r  F 

fo r  model f o r  model

Distance ..

Coliform MPN 

Temperature
.56 .75 10.67 .0001

Total organic  
carbon

Note: The ad d it io n  of t o t a l  o rganic  carbon to  the  v a r ia b le s  d is ta n c e ,  
co lifo rm  MPN, and tem p era tu re ,  provided the  only apparent 
in c re a se  in th e  R^ v a lue .
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Table 8 prov ides  an overview o f the  stepw ise reg re ss io n  procedure. 

V ariab les  a re  l i s t e d  in  the  o rder chosen by the program to g e th e r  w ith  

p e r t in e n t  s t a t i s t i c a l  param eters . Tables 9 and 10 compare the  stepw ise 

re g re ss io n  procedures fo r  " t a c t i c a l "  and " s t r a t e g ic "  su rro g a te  

v a r ia b le s .  In Tables 11 and 12, the  models fo r  " t a c t i c a l "  and 

" s t r a t e g ic "  su rro g a te  v a r ia b le s  a re  compared and ap p ro p r ia te  s t a t i s t i c a l  

d e s c r ip to r s  a re  provided . F igure  6b i s  a p lo t  of actual in  s i t u  va lues 

o f  th e  v a r ia b le  PCUL compared with p red ic ted  values fo r  the  same 

s t a t i o n s  based on th e  models summarized in  Tables 11 and 12.

Philadelphia-Camden Dumpsite

Table 13 i s  a c o r r e la t io n  summary fo r  a l l  v a r ia b le s  with the  

v a r ia b le  PCUL fo r  th e  Philadelphia-Camden dumpsite. F igure  5c i s  a 

p re se n ta t io n  of th ese  c o r r e la t io n  data  which g rap h ic a l ly  r e p re se n ts  the  

range of c o r r e l a t i o n s .  Appendix D ( fo u r  pages) i s  the  complete 

c o r r e la t io n  m atrix  fo r  a l l  v a r ia b le s  used in  the  Philadelphia-Camden 

dumpsite s tudy . Table 14 provides a l i s t i n g  of the  r e s u l t s  of the  

stepw ise re g re ss io n  technique fo r  the  Philadelphia-Camden dumpsite 

v a r i a b le s .  Table 15 i s  a summary of the  general l in e a r  models procedure 

fo r  these  same v a r i a b le s .  F igure  6c re p re se n ts  p red ic ted  values of PCUL 

from the  " b e s t  model" fo r  each s ta t io n  compared to  ac tua l values fo r  

p o s i t iv e  Acanthamoeba c u l tu r e s .  F igure 7 con ta in s  "contours" 

d e l in e a t in g  a reas  o f  m ic rob ia l/p ro tozpan  contam ination in  the  

Philadelphia-Camden area  in d ic a t in g  a d isp e r sa l  o f  m a te r ia ls  from the  

d ep o s i t io n a l  c en te r  of the  s i t e .

General R esu lt Summaries

Table 16 c o n ta in s  the r e s u l t s  o f  c o r r e la t io n s  between the  v a r ia b le  

PCUL and the  v a r ia b le s  DIST (d is ta n c e )  and LFCC (co lifo rm  MPN) f o r



30

Table 7. Summary ta b le  of c o r re la t io n s  fo r  th e  New York Bight a re a .
All v a r ia b le s  c o r r e la te d  with v a r ia b le  "PCUL" (pe rcen t 
p o s i t iv e  Acanthamoeba c u l t u r e s / s t a t i o n ) .  N f o r  a l l  v a r ia b le s  
equals  44.

Environmental v a r ia b le
C o rre la t io n  
with "PCUL"

S ig n if ic an c e  
of c o r r e la t io n

Sediment co lo r  (coded) - .4 9 .0008

S a l in i ty - .3 2 .0343

D istance in  n au t ic a l  m iles  
from po in t source - .3 0 .0449

True bearing from poin t 
source in degrees .00 .9959

Coliform MPN .02 .9131

R atio  of t o t a l  carbohydrate  
t o  t o t a l  o rgan ic  carbon .06 .7009

Chromium .07 .6447

Cadmium .12 .4236

Total o rgan ic  carbon .17 .2626

PCBs .19 .2046

% c lay  in  sediment .19 .2171

Zinc .22 .1454

% coprostanol in  t o t a l  s te r o id s .24 .1205

% s i l t  in  sediment .26 .0853

Nickel .29 .0562

Mercury .32 .0334

Si 1ver .33 .0298

Copper .34 .0259

Temperature (°C) .34 .0225

Lead • CO .0123

Note: For complete l i s t i n g  of a l l  raw data  see m icrofiche  appendices.
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Table 8. Stepwise reg re ss io n  procedure fo r  a l l  v a r ia b le s  and the 
v a r ia b le  "PCUL" (percen t p o s i t iv e  Acanthamoeba c u l t u r e s /  
s t a t i o n )  fo r  th e  New York B ight.

V ariab les  added 
t o  model in 
o rder added M ultip le  R^

M ultip le  
R value F value

P ro b a b i l i ty  
of l a rg e r  F

Sediment co lo r  
(coded) .24 .49 13.19 .0008

Temperature (°C) .32 .57 9.44 .0004

R atio  of t o t a l  
carbohydrate  
t o  t o t a l  o rganic  
carbon .40 .63 8.88 .0001

Si 1ver .45 .67 7.88 .0001

Chromium .52 .72 8.12 .0001

Cadmium .58 .76 8.09 .0001

PCBs
*

.59 .77 7.51 .0001

★ O
This l i n e  re p re se n ts  an a r b i t r a r y  c u to f f  po in t above which R* did not 
appear to  in c re a s e .
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Table 9. Stepwise reg ress io n  procedure fo r  " t a c t i c a l "  (sh o r t- te rm ,
or rap id  response) v a r iab les  f o r  the  v a r iab le  "PCUL" (percen t 
p o s i t iv e  flcanthamoeba c u l tu r e s / s t a t i o n )  fo r  th e  New York 
B ight.

V ariables added 
to  model in 
order added M ultip le  R2

M ultip le  
R value F value

P ro b a b i l i ty  
of l a rg e r  F

Sediment color 
(coded) .24 .49 13.19 .0008

Temperature (°C) .32 .57 9.44 .0004

S a l in i ty .35 .59 7.23 .0005

Coliform MPN 
★

• CO '-
J .61 5.67 .0011

True bearing .37 .61 4.41 .0029

Distance .37

i—1ID• 3.58 .0068

*This l in e  rep resen ts  an a r b i t r a r y  cu to ff  point above which R2 d id  not 
appear to  in c re a se .
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Table 10. Stepwise reg ress ion  procedure fo r  " s t r a t e g ic "  (long-term , 
or complex a n a ly s is )  v a r ia b le s  fo r  the  v a r iab le  "PCUL" 
(percent p o s i t iv e  Acanthamoeba c u l tu r e s / s t a t i o n )  fo r  th e  New 
York B igh t.

V ariables added 
to  model in 
o rder added M ultip le  R2

M ultip le  
R value F value

P ro b ab i l i ty  
of la rg e r  F

Lead .14 .37 6.84 .0123

Cadmi urn .19 .44 4.69 .0146

Chromium .24 .49 4.12 .0123

S i lv e r .27 .52 3.60 .0136

Total organic 
carbon .29 .54 3.18 .0171

PCBs .33 .57 3.06 .0155

Ratio of t o t a l  
carbohydrate  
t o  t o t a l  
organic carbon .36 .60 2.84 .0183

Mercury .37 .61 2.58 .0248

% c lay  
*

.38 .62 2.29 .0396

% s i l t .38 .62 2.03 .0622

Ni ckel .39 .62 1.82 .0913

% coprostanol of 
t o t a l  s te ro id s .39 .62 1.62 .1367

Zinc .39 .62 1.45 .1953

Copper .39 .62 1.30 .2659

*This l in e  rep resen ts  an a r b i t r a r y  cu to f f  point above which R2 did  not 
appear to  in c re a se .
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Table 11. General l i n e a r  models procedure fo r  " t a c t i c a l "  { sh o r t - te rm , 
or rap id  response) v a r ia b le s  and the  "PCUL" (p e rc e n t  p o s i t iv e  
Acanthamoeba c u l t u r e s / s t a t i o n )  f o r  th e  New York B ight.

V ariab les  used M ultip le  R2 
fo r  model

M ultip le  R 
fo r  model

F value  
fo r  model

P ro b ab i l i ty  
of l a rg e r  F 

fo r  model

Sediment co lo r  
(coded)

Temperature (°C) 

S a l in i ty  

Coliform MPN

.36 .60 5.65 .0011

Table 12. General l i n e a r  models procedure fo r  " s t r a t e g ic "  ( lo n g - te rm , 
o r  complex a n a ly s is )  v a r ia b le s  and the  v a r ia b le  "PCUL" 
(p e rc e n t  p o s i t iv e  Acanthamoeba c u l t u r e s / s t a t i o n )  fo r  the  New 
York B igh t.

P ro b a b i l i ty
V ariab les  used M ultip le  R2 M ultip le  R F value  of l a r g e r  F 
in  model fo r  model f o r  model f o r  model f o r  model

Lead

Cadmi urn 

S i lv e r

Total organic  
carbon

PCBs

.37 .61 2.58 .0248

Ratio  of t o t a l  
carbohydra te  
to  to ta l  
o rgan ic  carbon

Mercury

% clay
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Table 13. Summary t a b le  of c o r r e la t io n s  fo r  the  Philadelphia-Camden 
dum psite . All v a r ia b le s  c o r re la te d  with v a r ia b le  “PCUL"
( p e rc en t  posi t i v e  Acanthamoeba c u l t u r e s / s t a t i o n ).

Environmental v a r ia b le
"N” fo r  
v a r ia b le

C o rre la t io n  
with PCUL

S ig n if ic an ce  
of c o r r e la t io n

D istance in n au t ic a l  
m iles  from p o in t  source 59 -.47 .0002

True bearing from p o in t  
source in degrees 59 - .2 2 .0962

Temperature ( °C) 8 - .1 3 .7576

Zinc 22 -.06 .7901

% s i l t  in sediments 17 .01 .9825

Chromium 20 .02 .9205

Total organic carbon 20 .08 .7429

Nickel 8 .12 .7687

Copper 22 .19 .3882

Lead 22 .26 .2350

Coliform MPN 58 .31 .0165

Sali ni ty 8 .41 .3175

Note: For complete l i s t i n g  o f  a l l  raw da ta  see m icro fiche  appendices.
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quadrants taken through the  cen te r  of the  New York dumpsite. Below 1s a 

p lo t  of two t r a n s e c t s  d esc r ibed  in  the  t a b le  which were used to sep a ra te  

the  area  In to  fou r  equal p o r t io n s .

Table 17 co n ta in s  c o r r e la t io n s  between the  same v a r ia b le s  used to  

develop the  Inform ation found in Table 16 (DIST, LFCC, and PCUL) f o r  a 

n o r th ea s t-so u th w es t  t r a n s e c t  drawn through the  cen te r  of the  

Philadelphia-Camden dum psite , roughly p a r a l l e l  to  the  40 m is o b a th .

Table 18 i s  the  r e s u l t  o f  re s id u a l  a n a ly s is  and t e s t  fo r  

a u to c o r re la t io n  fo r  the  th re e  "best"  models, one from each geographic 

a re a ,  using the  Durbin-Watson s t a t i s t i c  (C h a t te r je e  and P r ic e ,  1975).

F igure  8 i s  a "p re d ica t io n "  t a b l e .  This example was generated by 

the  "best"  model fo r  the  N arraganse tt  Bay a re a .  The use of t h i s  ta b le  

in  an environmental s i t u a t i o n  i s  d iscu ssed , in  d e t a i l ,  below. F igures  5 

and 6 compare o v e ra l l  r e s u l t s  from the  th re e  geographic re g io n s .  F igure 

5 compares the  range and c lu s te r in g  of v a r ia b le s  used in  the  s tepw ise 

re g re ss io n  technique and the  general l in e a r  models p rocedures . F igure  6 

compares the  p red ic ted  va lues  fo r  PCUL, generated  by the  p a r t i c u l a r  

model invo lved , with the  ac tua l values obta ined  fo r  each s t a t io n  in  each 

lo c a t io n  involved in  the  s tudy .
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Table 14. Stepwise re g re ss io n  procedure fo r  a l l  v a r ia b le s  and the 
v a r ia b le  "PCUL" (p e rc e n t  p o s i t iv e  Acanthamoeba c u l tu r e s /  
s t a t i o n )  f o r  th e  Philadelphia-Camden dumpsite.

V ariab les  added
to  model in M ultip le  R P ro b a b i l i ty
o rder  added M ultip le  Rz val ue F value of l a r g e r  F

D istance .20 .45 14.39 .0004

Coliform MPN .21 .46 7.21 .0017

Note: No o th e r  v a r ia b le s  were found to s ig n i f i c a n t ly  Inc rease  R2
v a lu es .

Table 15. General l in e a r  models procedure fo r  two v a l id  v a r ia b le s  
determined through the s tepw ise re g re ss io n  procedure and 
th e  v a r ia b le  "PCUL" (p e rc e n t  p o s i t iv e  Acanthamoeba 
c u l t u r e s / s t a t i o n )  fo r  the  Ph i1adelphi a-Camden dumpsi t e .

V ariab les  used 
in  model

M ultip le  R2 
fo r  model

M ultip le  R 
fo r  model

F value 
fo r  model

P ro b a b i l i ty  
of l a rg e r  F 

fo r  model

D istance i
Coliform MPN f  '

.46 7.21 .0017
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Figure  7. The spread of contaminated m a te r ia ls  from a d ep o s i t io n a l

c e n te r .  Analysis  of s t a t io n s  taken near the  apex of the  now 

in a c t iv e  Philadelphia-Camden dumpsite in d ic a te  t h a t  sediments 

con ta in ing  b a c te r ia  and Acanthamoeba have been d isp ersed  by 

c u r r e n t  regimes p re v a len t  in the a re a .  The general 

d isp e r s io n  p a t te rn  Is  to  the  e a s t  (down slope) and in  a 

n o r th e a s t - s o u th e a s t  d i r e c t i o n .  This general tren d  i s  in 

keeping with f in d in g s  in the  New York B ight apex and in  

N arrag an se tt  Bey (see  Table 19).
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Table 16. C o r re la t io n s  between PCUL and the  v a r ia b le s  DIST and LFCC fo r  
quandrants  drawn through the  c en te r  o f  the  New York dumpsite 
( s e e  below).

NEW YORK DUMPSITE QUADRANTS 
CORRELATION SUMMARY

Quadrant N
PCUL with 
v a r ia b le R

Level o f  
s ig n i f ic a n c e

1 8 DIST .08 .8538

2 12 DIST .28 .3792

3 14 DIST - .5 4 .0452

4 10 DIST - .6 9 .0257

1 8 LFCC - .1 4 .7382

2 12 LFCC .12 .7142

3 14 LFCC -.0 3 .9160

4 10 LFCC .73 .0176

315°T 045°T

Quadrants through the  
c en te r  of the  New York 
dumpsite (o r  12-mile 
s i t e ) .  C irc le  r e p re ­
sen ts  6 n a u t ic a l  m ile s .  
See f ig u r e  fo r  quadrant 
c o n to u rs .
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Table 17. S t a t i s t i c s  fo r  the  v a r ia b le  PCUL c o r re la te d  with the  
environmental v a r ia b le s  DIST and LFCC fo r  a l l  s t a t i o n s  
in  the  P h ilad e lp h ia  s i t e  loca ted  e a s t  and seaward of a 
t r a n s e c t  drawn through the  cen te r  of the  s i t e  bearing 
045-225°T.

^Dependent v a r ia b le  PCUL c o r re la t io n  w ith :

"Jf  S ig n if ic an c e  

DIST -0.71823 22 0.0001

LFCC -0.10832 22 0.6314

*See t e x t  fo r  ex p lan a tio n .
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Table 18. Values fo r  the  Durbln-Watson s t a t i s t i c ,  "d", fo r
determining the a u to co r re la t io n  re s id u a ls  fo r  a given 
procedure (C ha ter jee  and P r ic e ,  1975).

Value fo r  "d" 
fo r  model

"N" f o r  
model A utocorre la tlon

S ign ificance
lev e l

N arraganse tt  Bey 
model = 1.3011 31 No .01

New York Bight 
model = 1.4453 45** No .01

P h ilade lph ia  s i t e  
model = 1.4162 60** Inconclusive *

*The value fo r  the  P h ilad e lp h ia  s i t e  f a l l s  between dL and dy in  the 
ta b le  (A.4b) in the  re fe rence  c i t e d .  In t h i s  case , the  t e s t  does not 
p re sen t  conclusive evidence th a t  a u to co r re la t io n  1s not p re sen t .  The 
o ther two values a re  both g re a te r  than the dy fo r  th e i r  given "N" 
values (1.27 and 1.38 re sp ec t iv e ly )  Ind ica ting  th a t  a u to c o r re la t io n  i s  
not p resen t a t  the  confidence level noted. As d iscussed  below, the  
P h ilade lph ia  model was constructed  with da ta  some of which could not 
meet minimum s ig n if ic a n ce  level conditions  imposed on the  procedure.

**Tables values c lo s e s t  to actual "N".
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Figure 8. A " p re d ic t io n  tab le"  generated by th e  model fo r  the

N arraganse tt  Bay a re a .  The box below the ta b le  i s  used to 

determine e r ro r  p ro b a b i l i ty  in  an environmental-management 

s i t u a t i o n .  See DISCUSSION fo r  d e t a i l s .



F ig u re  8

•PREDICTION MODEL GENERATED BX THE 

"BEST" MODEL FOR THE NARRAGANSETT 

BAX SITE

O bs. # P r e d ic te d *  A c tu a ls

1 *

a •

3 1 3 . 5 9 9 5 0
4 1 4 . 0 7 2 7 0
5 1 4 . 0 7 2 7 0
6 1 4 . 0 7 2 7 0
7 1 6 . 9 1 1 5 0
8 2 2 . 9 1 5 3 0
9 2 4 . 3 3 4 7 50

10 2 5 . 3 6 6 5 17
11. 2 6 . 3 1 2 8 67
12 2 7 . 7 3 2 2 17
13 3 1 . 7 7 4 0  ’ 17
14 3 3 . 6 6 6 6 17
15 3 3 . 7 3 6 0 33
16 3 6 . 8 7 6 8 67
17 4 0 . 2 1 2 9 17
18 4 0 . 6 9 4 2 50
19 4 1 . 9 8 2 7 83
20 4 2 . 8 4 3 5 83
21 5 0 . 0 7 9 4 67
22 5 3 . 8 5 1 4 SO
23 5 5 . 7 4 4 0 17
24 . 5 7 . 6 3 6 5 83
25 6 5 . 5 4 9 0 67
26 6 7 . 4 4 1 5 100
27 8 7 . 2 2 2 7 S3
28 8 7 . 2 2 2 7 100
29 B 8. 291 6 83
30 9 3 . 4 6 4 2 67
31 9 4 . 3 1 9 7 67

A c tu a l V a lu es  
-  c u l t u r e s  .______________ * c u l t u r e s

C o r r e c t  p r e d i c t i o n I n c o r r e c t  p r e d i c t i o n
p r e d i c t i n g  -  when

-  c u l t u r e s

P r e d ic t e d
v a lu e s

I n c o r r e c t  p r e d i c t i o n C o r r e c t  P r e d i c t i o n

-  c u l t u r e s p r e d i c t i n g  -  when -

•V a lu e s  a r e  a r ra n g e d  from  th e  lo w e s t  
t o  th e  h i g h e s t  p r e d i c t e d  v a lu e  f o r  
p o s i t i v e  A eantham oebe c u l t u r e s  p e r  

s t a t i o n .



DISCUSSION

This study was concerned with p re d ic t in g  the  inc idence  of p o s i t iv e  

Acanthamoeba c u l tu re s  in oceanic sediments using su rro g a te  v a r ia b le s .  

These v a r ia b le s  were s e le c ted  based on l i t e r a t u r e  d e s c r ip t io n s  o f  t h e i r  

environmental d i s t r i b u t io n  and re levance  to  the  in v e s t ig a t io n .  Values 

used as in p u ts  to the  modeling program were based upon the  a p p l i c a b i l i ty  

and q u a l i ty  of da ta  from a l l  sources resea rch ed .

C o rre la t io n s

A comparison between the  c o r r e la t io n  d i s t r i b u t i o n s  fo r  su rro g a te  

v a r ia b le s  used in a l l  th re e  areas  s tud ied  {N arrag an se t t  Bay, New York 

B igh t,  Philadelphia-Camden dumpsite) demonstrated th a t  the  general 

p a t te rn  of r e l a t io n s h ip s  was s im i la r  in each lo c a t io n  (F igu re  5 a ,b , c ) .

N a rrag an se tt  Bay had the  w idest range of c o r r e la t io n  c o e f f i c i e n t s  

( - .8 3  to  .72) because t h i s  estuary  rep resen ted  the  most " l in e a r "  

s i t u a t io n  s tu d ie d .  In the  bay. the  m a te r ia l  from the  F ie ld s  P o in t  

f a c i l i t y  flowed downstream from a s in g le  p o in t source, the  o u t f a l l  

p ip e .  The flow of these  contam inants re s u l te d  in  a gradual downstream 

d i lu t io n  of m a te r ia l s .  In t h i s  in s ta n c e ,  d is ta n c e  had the  h ig h e s t  

n ega tive  c o r r e la t io n  ( - .8 3 )  while co lifo rm  MPN had the  h ig h e s t  p o s i t iv e  

c o r r e la t io n  ( . 7 2 ) .

In the  New York B igh t, the c o r r e la t io n s  ranged from - .4 9  to  .37 

( f o r  sediment co lo r (co d ed ) ,  and le ad ,  r e s p e c t iv e ly ) .  This area  did no t 

r e p re s e n t  a l i n e a r  flow . The complex c i r c u l a t i o n  p a t te rn s  which have 

been revealed  by remotely sensed imagery (Munday, 1983), can be 

rep re sen ted  as a combination of plumes from the Hudson-Rarltan estuary  

and a m e teo ro lo g ic a l ly - fo rc e d  c u r re n t  regime. In s p i t e  of t h i s  

com plexity , th e re  i s  an a rea  in  th e  New York Bight which resem bles , in

43
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some r e s p e c ts ,  th e  N arraganse tt  reg ion . The New York Bight s i t e  i s  e a s t  

of the  Hudson Canyon and n o r th ea s t  of th e  C h ris t ia en sen  B asin . Both 

th e se  low ly ing  a reas  have become d ep o s it io n a l  cen te rs  fo r  sludge 

r e la te d  m a te r ia ls  deposited  a t  the  dumpsite which flow "down h i l l "  in to  

th e  depress ions  {Hatcher and M cG illivary , 1979). When th e  New York 

Bight dumpsite area  i s  d iv ided  in to  fo u r  sec t io n s  (Table 16) th e  

c o r r e la t io n  between d is ta n c e  and p o s i t iv e  Acanthamoeba c u l tu re s  in 

quadrant number four ( the  westernmost d iv is io n )  becomes - .6 9  as compared 

to  an o v e ra l l  c o r r e la t io n  fo r  d is tan ce  of - . 3 0 .  The c o r r e la t io n  between 

co lifo rm  MPN and p o s i t iv e  Acanthamoeba c u l tu re s  fo r  t h i s  same quadrant 

i s  .73 as compared to  an o v e ra l l  value of .02 . These f ig u re s  compare 

favorab ly  with those  fo r  N arraganse tt  B$y ( - .8 3  and .72) in d ic a t in g  

t h a t ,  a t  l e a s t  in  t h i s  p o r t io n  of th e  New York Bight s i t e ,  a s i tu a t io n  

e x is t s  which i s  s im i la r  to  t h a t  found in the  more northern  study a re a .

As noted above, th e  d i s t r i b u t io n  of contaminants was found to  

follow  a general p a t te rn  of decreasing  co n cen tra t io n  from a po in t source 

or d e p o s i t io n a l  c e n te r .  Because s a l i n i t y  and tem perature  were not 

su b jec t  to  th e  same d i s t r i b u t io n a l  fo rce s  as p o l lu ta n t s ,  f u r th e r  mention 

of th e se  environmental v a r ia b le s  i s  n ecessa ry . In a l l  cases and fo r  a l l  

geographic a re a s ,  tem pera tu res  and s a l i n i t i e s  a t  sample depth were th e  

values used to  develop th e  model.

In N arraganse tt  Bay, th e  c o r r e la t io n  c o e f f i c i e n t s  fo r  tem perature  

and s a l i n i t y  were - .0 4  and - .3 5 ,  r e s p e c t iv e ly .  In th e  bay s tudy, th e  

tem peratu re  varied  from a high of 9°C to  a low of 6°C. This range was 

spread over a 35 mile t r a c k  l in e  rep resen ted  by the  d is ta n c e  from th e  

F ie ld s  Point f a c i l i t y  to  o f f sh o re ,  open ocean s t a t io n s  and accounted fo r  

the  very low c o r r e la t io n  v a lu e .  S a l i n i t y ,  in c o n t r a s t ,  ranged from a 

low of 26 ppt to  a high of 34 p p t .  Because of th e  c o n f ig u ra t io n  of th e
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e s tu a r in e  system, a l l  th e  lowest s a l i n i t i e s  were found a t  th e  

northernmost s ta t io n s  and the  s a l i n i t y  values increased  downstream 

toward th e  ocean. Although th e  range fo r  s a l i n i t y  was small (8 p p t ) ,  

th e  lower s a l i n i t y  values coincided with th e  h ig h es t  percentages o f  

p o s i t iv e  Acanthamoeba c u l tu re s  (near the  F ie ld s  Point f a c i l i t y )  and, 

converse ly , th e  h igher s a ln i ty  values were found in  the  open ocean a t 

s t a t io n s  fo r  which Acanthamoeba percentages  were sm a l le s t .  Therefore , 

th e  d i s t r i b u t io n  of s a l i n i t y  and p o s i t iv e  c u l tu re s  should not be 

considered  a causal r e la t io n s h ip  but should be seen as th e  r e s u l t  of a 

n a tu r a l ,  e s tu a r in e  d i s t r i b u t io n  of the  s a l i n i t y .

In th e  New York Bight a re a ,  th e  c o r r e la t io n  c o e f f i c i e n t  fo r  

s a l i n i t y  was - .3 2  and t h a t  fo r  tem peratu re  was .3 4 .  In t h i s  lo c a t io n ,  

as noted , much of the  sew age-re la ted  m ate r ia l  had moved away from th e  

shallow d ep o si t io n a l  c en te r  ( the  12 mile dumpsite) in to  deeper w aters of 

th e  C h ris t ia en sen  Basin and Hudson Canyon. For t h i s  reason , many of the  

h igher Acanthamoeba values were found in  r e l a t i v e l y  deeper, co o le r ,  and 

l e s s  s a l in e  w a te rs .  Again, th e re  was only a co in c id en ta l  r e la t io n s h ip  

between th e  d i s t r i b u t io n  of th e se  environmental f a c to r s  and th e  

p ro tozoa .

In th e  Philadelphia-Camden dumpsite, the  Acanthamoeba data  were 

found to  be p o s i t iv e ly  c o r re la te d  with s a l i n i t y  (.41) and neg a tiv e ly  

c o r r e la te d  with tem perature  ( - .1 3 ) .  Although th e se  values appeared to  

be v a l id ,  th e  "N" fo r  th e se  v a r ia b le s  rep resen ted  only a small f r a c t io n  

o f  th e  samples taken and t h e i r  s ig n if ic a n c e  le v e l s  were marginal (see 

Table 13). For t h i s  reason , th e  numbers were reported  but were not used 

in  th e  s tepw ise  re g re ss io n  procedure which produced the  f in a l  model fo r  

t h i s  s i t e .
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Although the  Philadelphia-Camden dumpsite model did no t have the  

s t re n g th  of the  o ther two, the  c o r r e la t io n  range ( - .4 7  to  .41) compared 

favorab ly  with the  New York B ight s im u la t io n .  The Philadelphia-Camden 

s i t e  was d ivided in to  an upslope and downslope component. The 

c o r r e la t io n  c o e f f i c i e n t  fo r  d is ta n c e  increased  from - .4 7  fo r  the  e n t i r e  

study a rea  to - .7 2  fo r  the  a reas  in which m a te r ia ls  appeared to  be 

slowly flowing over the  sh e lf  break (Table 17). These f ig u re s  seemed to 

suggest a s im ila r  d i s t r i b u t io n a l  mechanism fo r  sew age-re la ted  m a te r ia l s  

e x is te d  in  s i tu a t io n s  in  which th e re  was a downslope or downstream flow 

from an upslope or upstream d ep o sit io n a l  c e n te r .

Because the  Philadelphia-Camden s i t e  was an in a c t iv e  d isposa l a re a ,  

th e re  was an opportun ity  to observe the  change in the  ben th ic  

d i s t r i b u t i o n  of the  sludge m a te r ia l s .  As noted above, th e re  was a high 

c o r r e la t io n  between d is ta n c e  and p o s i t iv e  c u l tu re  o f  Acanthamoeba 

southw est of th e  dumpsite c e n te r  ( - . 7 2 ) .  F igure 7 r e p re se n ts  the  

p a t te rn  of microbial contam ination in and around the  d ep o s i t io n a l  c e n te r  

o f  the a re a .  These p a t te rn s  were contoured using b a c te r io lo g ic a l  da ta  

from the  study s t a t io n s  and p re sen t  s trong evidence t h a t  dumped 

m a te r ia l s  were m igrating  away from the  c e n tra l  d isposa l area  in  a 

n o rth ea s t-so u th w es t  d i r e c t io n  and to  a small e x te n t  down the  c o n t in e n ta l  

s lo p e .  Thus, th e  spread of o rgan ic  contam inants and t h e i r  a sso c ia ted  

protozpan components could be tracked  using the b a c te r ia  and amoebae o r 

su r ro g a te  c o r r e la t iv e  v a r ia b le s  as in d ic a to r s  of the  presence of sewage- 

r e la te d  sediment f r a c t io n s .

G enera lly , heayy m etals  and o rgan ics  were p o s i t iv e ly  c o r re la te d  

with the  pe rcen t of p o s i t iv e  c u l tu re s  o f  Acanthamoeba/s t a t i o n .  The 

o th e r  v a r ia b le s  showed a l e s s  f ix ed  p a t te rn  bu t ,  in  two o u t of th ree
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c a s e s ,  were neg a tiv e ly  c o r re la te d  with the  percentage of p o s i t iv e  

c u l tu r e s .

Models

When s t a t i o n s  f o r  a l l  a reas  were arranged from th e  low est to  the  

h ig h e s t  p red ic ted  v a lu e s ,  a l in e a r  p a t te rn  r e s u l te d  (F ig u re  6 a ,b , c ) .  

However, such a p re se n ta t io n  may be considered somewhat a r t i f i c i a l  s ince  

the  r e s u l t in g  graph i s  based on the  model and no t on the  actual in  s i t u  

d a ta .  I f ,  however, s t a t io n s  a re  arranged according to  d is ta n c e  from the  

p a r t i c u l a r  d e p o s i t io n a l  c en te r  (F igure  9 a ,b ,c )  and the  actual da ta  a re  

compared to modeling r e s u l t s ,  a more v a l id  p ic tu re  of the  comparison 

between the two curves i s  produced.

An a n a ly s is  of the  th re e  models using the Durbin-Watson s t a t i s t i c  

(Table  18) revealed  th a t  r e s id u a ls  fo r  th e  N arraganse tt  Bay and New York 

B ight models were no t a u to c o r re la te d .  R esu lts  fo r  th e  P h i lad e lp h ia -  

Camden model (F ig u re s  5c, 6c, 9c) produced the p oo res t  environmental 

s im u la t io n .

The stepw ise re g re ss io n  techn ique , as has been d e sc r ib e d ,  te s te d  

a l l  v a r ia b le s  to  determ ine those which most s ig n i f i c a n t ly  increased  the  

v a lu e s .  In the case  of the  Philadelphia-Camden dum psite , th e re  were 

59 s t a t i o n s .  The "N" fo r  most of the  v a r ia b le s  used, excluding d is ta n c e  

and co lifo rm  MPN, ranged from a low of e ig h t  to  a high of 22. In t h i s  

In s ta n c e ,  the  procedure determined th a t  only co lifo rm  MPN and d is ta n c e  

were v a l id  pa ram ete rs .  The Philadelphia-Camden model, th en , was based 

on these  two v a r i a b le s .

I f  a h ighly s i g n i f i c a n t  c o n tr ib u t in g  v a r ia b le  was absen t from a 

p a r t i c u l a r  s t a t i o n ,  the  procedure would not make a p re d ic t io n  fo r  t h a t  

s e t  of da ta  because one or more of the  maximizing c o n t r ib u to r s  was
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Figure  9. A comparison of models generated fo r  the  th re e  geographic

a reas  under study with the ac tua l in  s i t u  d a ta .  S ta t io n s  are  

arranged by d is ta n ce  from th e  d e p o s it io n a l  c e n te r  o f  the  

p a r t i c u l a r  d is p o s a l /a r e a  o u t f a l l .
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m issing . The two missing p re d ic t io n s  fo r  the  N arraganse tt  Bay data  

{Figures 5a, 6a , 9a) were an example of t h i s  s i t u a t i o n .  There were no 

tem pera tu re , s a l i n i t y ,  or to ta l  o rgan ic  carbon values f o r  these  

s t a t i o n s .

The models generated  fo r  th e  th re e  areas  were v a l id  fo r  the  

p re d ic t io n  of the  inc idence  of p o s i t iv e  c u l tu re s  of Acanthamoeba w ith in  

the  l im i t a t i o n s  of th e  stepwise re g re ss io n  and l in e a r  model procedures 

(T ables  6, 11, 12, 15). The v a l id i ty  o f  an/ model, however, i s  

dependent upon the  number of d a ta  p o in ts  used in the  i n i t i a l  

c o n s t ru c t io n .  The more d a ta  p o in ts  a v a i l a b le ,  the  b e t t e r  the  s im ula tion  

w ill  be (Gold, 1977). The p re sen t  study took advantage of a l l  

a p p l ic ab le  da ta  sources and computer procedures to  produce the  b e s t  

p o s s ib le  models from the  w idest assemblage of in fo rm atio n .

Use of Models

In the s im p le s t  s i t u a t i o n ,  models mey be used in  a s t ra ig h tfo rw a rd  

manner using in te r c e p t  and co n s tan t  v a lu e s .  These values are generated  

by the  l in e a r  model procedures . A c o n s ta n t  f ig u r e  i s  a v a i la b le  fo r  each 

v a r ia b le  used to ob ta in  the  p a r t i c u l a r  model. This number i s  m u l t ip l ie d  

by the  in  s i t u  value fo r  th a t  v a r ia b le .  The in t e r c e p t  value i s  added or 

su b trac ted  from the  r e s u l t s  depending upon the  sign of th e  number ( s e e  

Mi c ro f i  che Appendi c e s ) .

For example, the  " t a c t i c a l "  o r  sh o r t- te rm  model fo r  the  New York 

Bight area  genera ted  the  fo llow ing constan ts  and in t e r c e p t  value fo r  the  

v a r ia b le s  involved (see  Table 11 and m ic ro fiche  appendix):
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I n te r c e p t  v a l u e . . . . 594 

Sediment co lo r  c o n s t a n t . . . -10 Sediment c o lo r  in  s i t u  v a l u e . . .5

Temperature c o n s ta n t ............ 9

S a l in i ty  c o n s ta n t ...................-

Coliform MPN c o n s ta n t ..........5

-20

MPN in  s i t u  value

Temperature in s i t u  v a l u e . . . . . . 1 0 ° C

Sal in i  ty in  s i tu  v a lu e .................. 28 pp t

3.4

The co n s tan ts  would be m u l t ip l ie d  by th e  in  s i tu  va lues found a t  a 

p a r t i c u l a r  s t a t i o n ,  these  values would be added to g e th e r ,  and the  

in t e r c e p t  would be added to  the r e s u l t ,  since the  sign of t h i s  number i f  

p o s i t i v e ,  as fo llow s:

In t h i s  c a se ,  the  formula p r e d ic t s ,  based upon the model used, t h a t  

th e re  would be 1 1 %  p o s i t iv e  c u l tu re  incidence in  r e p l i c a t e s  taken a t  the  

s t a t io n  rep resen ted  by in s i tu  v a lu e s .  The same procedure app lied  to 

ar\y of the  models generated  fo r  ar\y geographic area  under s tudy .

The a p p l ic a t io n  described  above i s  a simple procedure which could 

be accomplished using a simple fo u r - fu n c t io n  c a l c u l a to r .  In t h i s  c ase ,  

the  in v e s t ig a to r  would examine th e  " t a c t i c a l 11 and " s t r a t e g ic "  models and 

determ ine whether or not the  a d d i t io n  of v a r ia b le s  re q u ir in g  more 

ex ten s iv e  lab o ra to ry  a n a ly s is  would be requ ired  to  s ig n i f i c a n t ly  

in c re a se  the  m u lt ip le  R values and s e l e c t  a model acco rd ing ly .

The formula approach would work b e s t  in a reas  in which sewage 

sludge was a known contaminant but fo r  which the  ambient popula tion  fo r  

the  Acanthamoeba was unknown. In reg ions  s im i la r  to  the  New York Bight 

in which Acanthamoeba a re  known to  e x i s t ,  another approach mqy be

( - 1 0 ) ( 5 )+ (9 )(1 0 )+ (-2 0 ) (28)+(5)( 3.4J+594 = 71
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re q u ire d .  In t h i s  case , the  use of a p re d ic t io n  ta b le  (F igures  10, 11) 

i s  re q u ire d .

The most im portant co n s id e ra t io n  to  keep in  mind when examining 

these  p re d ic t io n  ta b le s  i s  th a t  va lues a re  arranged in  order from the  

low est to h ig h e s t  p red ic ted  va lues  fo r  p o s i t iv e  Acanthamoeba c u l tu re s  

generated  by the  model. The actual s t a t io n  values a re  arranged 

according to the  manner in  which they correspond to  the  model's  

p r e d ic t io n .  The ta b le  perm its  an in v e s t ig a to r  to  a sc e r ta in  the  e r ro r  

r a t e  which can be expected when the  p re d ic t io n  ta b le  i s  used and a given 

background c o n c e n tra t io n ,  o r  p o p u la tion , o f  Acanthamoeba, rep resen ted  by 

the  pe rcen t of p o s i t iv e  c u l t u r e s / s t a t i o n ,  i s  assumed.

An example w ill  serve to  i l l u s t r a t e  t h i s  p o in t .  In the 

N arrag an se tt  Bay s tudy, the  experimental design c a l le d  fo r  s ix  c u l tu re  

r e p l i c a t e s  from each sediment sample. The ta b le  (F igu re  10) i s  based on 

t h i s  sampling scheme. I f  another study were to  be undertaken in  the 

N arraganse tt  Bay area  using the  s ix  sample method and th e  ambient

popula tion  was considered to  be one out o f  six  c u l t u r e s / s t a t i o n  or 17%,

the ta b le  would be used in  the following manner.

Section AA (F igu re  10) would be drawn midway between 17% (one

c u l tu re )  and 33% (two c u l tu re s )  o r  25.3665 on the  t a b l e .  S ta t io n s  above

t h i s  l i n e ,  in the  "Actual %" column which rep resen ted  17% or l e s s  would 

now be considered  the  ambient population  level and be the  new "z.ero" 

p o in t .  In th i s  c ase ,  th e re  are  seven va lues  above the l in e  re p re sen tin g  

zero or 17%. Based on the  o rdering  used to  s e t  up the  ta b le ,  these  

va lues r e p re se n t  a c o r r e c t  p re d ic t io n  of negative  inc idence . The one 

value of 50% above the l i n e  re p re se n ts  a p re d ic t io n  of negative 

inc idence  when the  actual s i tu a t io n  i s  p o s i t iv e .  The f i r s t  two values
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Figure  1 0 .  A p re d ic t io n  ta b le  f o r  N arraganse tt  Bc\y. Section  'AA1 i s  

drawn to  d e l in e a te  an "ambient" population  lev e l of one 

p o s i t iv e  c u l t u r e / s t a t i o n  of 17% {one c u l tu re  ou t of s ix ) .  

Matrix below the  t a b le  in d ic a te s  a p o ss ib le  e r ro r  r a t e  of 

one in  29.



F ig u re  10 

* PREDICTION MODEL GENERATED BY THE 

"BEST" MODEL FOR THE NARRAGANSETT 

BAY SITE

O bs. H ’ P r e d i c t e d *  A c tu a l*

1 •

2 «

3 1 3 . 5 9 9 5 0
4 1 4 . 0 7 2 7 0
5 1 4 . 0 7 2 7 0
6 1 4 . 0 7 2 7 0
7 1 6 . 9 1 1 5 0
a 2 2 . 9 1 5 3 0
9 2 4 . 3 3 4 7 50

10 2 5 . 3 6 6 5 17
11 2 6 . 3 1 2 3 67
12 2 7 . 7 3 2 2 17
13 3 1 . 7 7 4 0 17
14 . 33 . 6 6 6 6 17
15 3 3 . 7 3 6 0 33
16 3 6 . 8 7 6 8 67
17 4 0 . 2 1 2 9 17
18 4 0 . 6 9 4 2 50
19 4 1 . 9 8 2 7 33
20 4 2 . 8 4 3 5 83
21 5 0 . 0 7 9 4 67
22 5 3 . 8 5 1 4 50
23 5 5 . 7 4 4 0 17
24 5 7 . 6 3 6 5 83
25 6 5 . 5 4 9 0 67
26 6 7 . 4 4 1 5 100
27 8 7 . 2 2 2 7 83
28 8 7 . 2 2 2 7 100
29 8 8 . 2 9 1 6 83
30 9 3 . 4 6 4 2 67
31 9 4 , 3 1 9 7 67

A c tu a l V a lu es
-  c u l t u r e s  . c u l t u r e s

C o r r e c t  p r e d i c t i o n I n c o r r e c t  p r e d i c t i o n  
p r e d i c t i n g  -  when J-

-  c u l t u r e s  

P r e d i c t e d
7 1

v a lu e s
I n c o r r e c t  p r e d i c t i o n C o r r e c t  P r e d i c t i o n

-  c u l t u r e s p re d ic tin g *  -  when -

5 16

•V a lu e s  a r e  a r ra n g e d  fro m  th e  lo w e s t  
to  t h e  h i g h e s t  p r e d i c t e d  v a lu e  f o r  
p o s i t i v e  A cantham oeba c u l t u r e s  p e r  

s t a t i o n .
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of 50% and 83% in  the  "Actual %" column are  ignored s ince  no p re d ic t io n  

i s  a v a i l a b le .  Below th e  l in e  AA a re  16 values of 33% or more. These 

values rep re sen t  c o r re c t  p o s i t iv e  p r e d ic t io n s .  The f iv e  values of 17% 

below th e  l in e  rep re sen t  in c o r re c t  p o s i t iv e  p re d ic t io n s .  All th e se  

f ig u r e s  appear in  the  a p p ro p r ia te  box in th e  m atrix  below th e  t a b l e .

The most se r io u s  e r r o r  which can be made, from a pub lic  h ea lth

s ta n d p o in t ,  is  a negative  p re d ic t io n  when th e  ac tua l s i t u a t io n  i s  

p o s i t i v e .  The m atrix  in d ic a te s  th a t  th e re  i s  a 1 in 29, o r  3% chance of 

making such an e r r o r  i f  th e  ambient popula tion  level i s  considered  to  be 

one p o s i t iv e  c u l t u r e / s t a t i o n .

I f  an ambient level of two p o s i t iv e  c u l t u r e s / s t a t i o n ,  or 33%, was

chosen, sec t io n  BB would be drawn a t  the  midpoint between 33% (two

c u l tu r e s )  and 50% ( th ree  c u l tu r e s )  (Figure 11) or about 41%. Using the  

same r a t io n a le  as in th e  previous c ase ,  the  m atrix  now in d ic a te s  t h a t  

th e re  i s  a 5/29 or 17% chance of making the  e r r o r  or p re d ic t in g  a 

negative  inc idence  in a p o s i t iv e  inc idence  s i t u a t i o n .

Based on th e se  c r i t e r i a ,  the  ap p ro p r ia te  procedure may be app lied  

to  a given environmental s i t u a t i o n .  For a p re lim inary  in v e s t ig a t io n  in  

which a sewage sludge impact is  known but fo r  which no previous 

Acanthamoeba data  e x i s t ,  the  formula re p re se n ts  the  most rap id  and 

economical method. In o th e r  a reas  which have a h is to ry  of sewage 

con tam ination , th e  t a b le  produces th e  best In fo rm ation .

The preceding examples do not ru le  out th e  p o s s i b i l i t y  t h a t  a 

"background le v e l"  of one or two c u l tu re s  may rep re sen t  a d e f i n i t e  

p u b lic  hea l th  c o n s id e ra t io n .  Such a dec is ion  would be made by the  

o f f i c i a l  using th e  t a b le s  based upon h is  f a m i l i a r i t y  with a rea  under 

s tudy and th e  se r io u sn ess  of th e  preceived t h r e a t .
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In such a case , th e  t a b le s  would be used as p resen ted  with the  

caveat t h a t  t h e i r  success r a t e  i s  based upon th e  s ig n if ic a n c e  of th e  

model used to  genera te  th e  values f o r  th e  t a b le  (in  the  case of 

N arraganse tt  Bay, the  R value f o r  the  model i s  .73 and th e  p ro b a b i l i ty  

o f  a la rg e r  "F" i s  .0001).

A p p l ic a b i l i ty  of Procedures

These same procedures may be app lied  to  any v a r ia b le  w ith in  th e  

c o r r e la t io n  m atrices  p resen ted  (Appendices B, C, D). The programs used 

to  ob ta in  th e  Acanthamoeba models, t a b l e s ,  and form ulae, may be used to  

produce s im i la r  products p e r ta in in g  to  o th e r  p o l lu t a n t s .  Some 

m od if ica tion  would be requ ired  ( e . g . ,  s u b s t i t u t i n g  PPM or PPB fo r  

percen t p o s i t iv e  c u l t u r e s / s t a t i o n ) ,  but th e  r e s u l t s  would be eq u a lly  

v a l id .  The stepw ise  reg ress io n  procedure or s im i la r  package should be 

used s ince  a l l  v a r ia b le s  a re  evalua ted  reducing the  p o s s i b i l i t y  of 

in v a l id  p re d ic t io n s  based on too few comparisons. The in v e s t ig a to r  must 

ob ta in  maximum u t i l i t y  from th e  a v a i la b le  inform ation  and in su re  th a t  

th e  proceudres used a re  designed to  produce th e  most in -dep th  an a ly s is  

p o s s ib le .
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Figure IX. A p re d ic t io n  ta b le  fo r  N arrag an se tt  Bey. Section 'BB' i s  

drawn to d e l in e a te  an "ambient" popula tion  level of two 

p o s i t iv e  c u l t u r e s / s t a t i o n  or 33% (two c u l tu re s  ou t of 

s i x ) .  Matrix below the ta b le  in d ic a te s  a p o ss ib le  e r ro r  

r a t e  of f iv e  in  29.



F ig u re  11

* PREDICTION MODEL GENERATED BY THE 

"BEST" MODEL FOR THE NARRAGANSETT 

BAY SITE

O bs. # P r e d ic te d *  A c tu a l*

1 •

2 •

3 1 3 , 5 9 9 5 0
4 1 4 . 0 7 2 7 0
5 1 4 . 0 7 2 7 0
6 1 4 . 0 7 2 7 0
7 1 6 . 9 1 1 5 0
8 2 2 . 9 1 5 3 0
9 2 4 , 3 3 4 7 SO

10 2 5 . 3 6 6 5 17
11 2 6 . 3 1 2 8 67
12 2 7 . 7 3 2 2 17

' 13 3 1 . 7 7 4 0 17
14 3 3 . 6 6 6 6 17
15 3 3 . 7 3 6 0 33
16 3 6 . 8 7 6 8 67
17 4 0 . 2 1 2 9 17
18 4 0 . 6 9 4 2 50
19 4 1 . 9 6 2 7 83
20 4 2 . 8 4 3 5 83
21 5 0 . 0 7 9 4 67
22 5 3 . 8 5 1 4 50

• 23 5 5 . 7 4 4 0 17
24 5 7 . 6 3 6 5 83
25 6 5 . 5 4 9 0 67
26 6 7 . 4 4 1 5 100
27 8 7 . 2 2 2 7 S3
28 8 7 . 2 2 2 7 100
29 8 8 . 2 9 1 6 83
30 9 3 . 4 6 4 2 67
31 9 4 . 3 1 9 ? 67

Actual Values
-  c u l t u r e s  ______________ j- c u l t u r e s

C o r re c t  p r e d i c t i o n I n c o r r e c t  p r e d i c t i o n  
p r e d i c t i n g  -  when j-

-  c u l t u r e s 12 5
P r e d ic te d

v a lu e s
I n c o r r e c t  p r e d i c t i o n C o r re c t  P r e d i c t i o n

t c u l t u r e s p r e d i c t i n g  * when -  

1 11

"V alu es a r e  a r ra n g e d  fro m  th e  lo w e s t  
to  th e  h ig h e s t  p r e d i c t e d  v a lu e  f o r  
p o s i t i v e  A cantham oeba c u l t u r e s  p a r  

s t a t i o n .



CONCLUSIONS

X. S u f f ic ie n t  data e x i s t  in th e  l i t e r a t u r e ,  computerized data 

bases , and other arch ives to  permit the  development of a 

s t a t i s t i c a l l y  v a l id  method for p re d ic t in g  the  incidence of 

pathogenic protozoans in oceanic sedim ents. The c o r re la t io n  

between su rroga te  v a r iab le s  and th e  p ro b a b i l i ty  of obtain ing  

p o s i t iv e /n e g a t iv e  c u l tu re s  of Acanthamoeba sp. may be 

determined using s t a t i s t i c a l  procedures.

2 . Use of th e  stepw ise reg ress ion  technique  permits the  

de term ina tion  of s t a t i s t i c a l l y  v a l id  p r o b a b i l i t i e s  fo r  the  

presence/absence o f  one group of fa c to rs  (not sampled) based 

upon c o r re la t io n s  between these  su rroga te  v a r iab le s  and o ther 

groups of environmental fa c to rs  (sampled).

3 . Tables and formulae may be produced by computer programs which 

may be used, in a cost e f f e c t iv e  manner, to  eva lua te  pub lic  

h ea l th  s i tu a t io n s  in  which the  presence or absence of 

Acanthamoeba is  a c o n tr ib u tin g  f a c to r .  Data r e s u l t in g  from 

such s tu d ie s  may be used t o  document the  spread of sewage- 

r e la te d  organic m a te r ia ls  from th e  o r ig in a l  deposit iona l 

cen te rs  even a f t e r  the  p a r t i c u l a r  dumpsite is  no longer a c t iv e .

4 .  These same procedures may be app lied  to  o ther v a r iab le s  in th e  

data  se t  to  produce models s im i la r  to  those  generated fo r  the  

Acanthamoeba.
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Appendix A. Major computerized marine data  a rch ives  used in  t h i s  s tudy.

Numerical Data Bases

*ADP.......................................In-house computerized data  base used by the

N ortheas t  F is h e r ie s  Center (NMFS/NOAA).

*NERFIS................................ N ortheast  Regional F is h e r ie s  Information S e rv ice ,

NOAA/NEFC, Woods Hole, MA.

*N0DC.....................................National Oceanographic Data C enter , Environmental

Data and Information S e rv ice ,  National Oceanic 

and Atmospheric A dm in is tra tion , Washington, DC. 

The na tiona l re p o s i to ry  fo r  a l l  oceanographic 

d a ta  fo r  a l l  d i s c i p l i n e s .

*PIDS..................................... Parameter Inventory Display System (NODC). This

d a ta  base provides l i s t i n g s  of c r u i s e s ,  s t a t i o n s ,  

and data  a v a i la b le  w ith in  a p a r t i c u l a r  geographic 

a rea  fo r  a p a r t i c u la r  d i s c i p l in e .

*MCCDB................................... Marine Core Curators Data Base, National

Geological Survey Data Base providing l i s t s  of 

au tho rs  and p r in c ip a l  in v e s t ig a to r s  as well as 

raw data  p r in to u ts .

*NGSDC................................... National Geological Survey Data C en ter ,  Boulder,

CO. Marine geology/sedimentology in fo rm ation .

*ST0RET................................. U. S. Environmental P ro te c t io n  Agency Storage and

R etr iev a l  system. Contains raw data  from 

p o l lu t io n  s tu d ie s  conducted under the  ausp ices  of 

EPA.
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Appendix A. (continued)

B ib lio g rap h ic  Data Bases

Computerized Inform ation s e r v ic e ,  accessed 

through NODC. Provides l i s t i n g s  and a b s t r a c t s  o f  

p e r t i n e n t  b ib l io g rap h ic  m a te r ia ls  using keyword 

sea rch es .

S e le c t iv e  Dissemination of In form ation , NOAA 

Library and Inform ation S e rv ic e s ,  WSC-4, 

Washington Science C enter, R o ckv ille ,  MD. This 

data  base i s  a v a i la b le  to  NOAA employees on a 

su b sc r ip t io n  b a s i s .  Monthly updates on p e r t in e n t  

l i t e r a t u r e  so r ted  by keyword search fo r  a d e s ired  

area  or d i s c i p l in e  a re  a v a i la b le .

*N0TE: Within these  da ta  bases , numerous s u b f i le s  were se le c ted  in

o rd e r  to access  the  w idest  number of sources p o ss ib le  to ob ta in  

values and/or re fe re n c e s  fo r  su rroga te  v a r ia b le s .

DIALOG/ENVIROLINE

SDI/NLISD



Appendix B Complete c o r r e la t io n  m atrix  fo r  a l l  13 v a r ia b le s  

(12 su rro g a te  v a r ia b le s  and one dependent v a r ia b le )  

used in  the  N a rrag an se t t  Bey s tudy.
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Appendix C Complete c o r r e la t io n  m atrix  fo r  a l l  21 v a r ia b le s  

{20 su rro g a te  v a r ia b le s  and one dependent v a r ia b le )  

f o r  th e  New York Bight apex study.
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Appendix D Complete c o r r e la t io n  m atrix  f o r  13 v a r ia b le s  (12 su rro g a te  

v a r ia b le s  and one dependent v a r ia b le )  used in  the  

Philadelphia-Camden dumpsite s tudy .
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