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PREFACE 

Annex 1 1 ,  Section 1 o f  the 1978 Canada-United  States  Great Lakes Water 
Quality  Agreement  stipulates: 

Surveillance and monitoring  activities shall be undertaken 
to provide  definitive  information on the  location, 
severity, areal o r  volume  extent,  frequency and duration 
of non-achievement of the  Objectives, as a basis for 
determining  the need for more stringent  control 
requirements. 

The International  Joint  Commission (IJC), in its Third Biennial Report O F  
1986, reported that  it  considers  the designation of Areas  of  Concern and the 
development O F  remedial  action  plans to be an  important  initiative  deserving 
widspread  recognition and support.  Further,  the IJC reported that it i s  
dependent on information  collected by the  jurisdictions in order  to carry out 
its responsibilities  under  Article VI1 of the  1978  Agreement and that i t  views 
continuous and reliable  surveillance and monitoring as critical to its 
functions  under the  Agreement and to  the  implementation o f  the  Agreement 
itself. The IJC recommended the Parties and jurisdictions  review  the  support 
structure  available for monitoring and surveillance and determine  the  extent 
to  which  the existing  support  structure is adequate to meet  the expressed 
Agreement  needs. 

This  report is provided to  assist  the  Water Quality Board, I J C ,  Parties 
and jurisdictions in fulfillment of their  responsibilities. 

The  statements and views presented in this  report do not  necessarily 
rerlect  the views or policies of the IJC or its Great Lakes  Water  Quality 
Board. 
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1.0 INTRODUCTION 

The  Water  Quality Board of the International Joint  Commission has 
identified 42 Areas of Concern in the  Great Lakes basin where  1978  Great Lakes 
Water  Quality  Agreement  objectives or jurisdictional  standards,  criteria  or 
guidelines  are exceeded  and  remedial  measures are needed to restore  the  most 
sensitive  uses. Of the 42 Areas of Concern, 39 have  toxic  substances 
problems.  Since  synthetic  organic  compounds and metals  constitute  the  major 
problems  identified for  these  regions,  this  document  focuses on  toxic 
substances.  This  does  not  imply  that regional  problems  related to 
eutrophication and habitat  destruction do not  exist;  rather,  the toxic 
substance  issue has  become the primary  concern. 

Areas of Concern in the  Great Lakes system  include  rivers,  harbors, 
connecting  channels and large  embayments.  Many of the  Lake and Connecting 
Channel  Task Forces,  which  are  responsible  for  updating  the  Great Lakes 
International  Surveillance Plan (GLISP), have  already  developed  surveillance 
and  monitoring  plans for  the  connecting  channels and large  embayments  that  are 
Areas of Concern. In contrast,  these  Task  Forces  have had difficulty 
developing  surveillance and monitoring  plans for rivers  and  harbors  that  are 
Areas of Concern. In most  cases,  surveillance and  monitoring  plans  were not 
developed  due  to  a lack of sufficient  toxic  substances  data or the  available 
data  were not  current ( > l o  years old). In addition,  toxic  substances 
monitoring i s  more  difficult in hydrodynamically  and  limnologically  complex 
rivers and harbors.  Therefore, it was recommended by the  Surveillance Work 
Group of the  Water  Quality Board that  a state-of-the-art  guidance  document be 
developed  to  assist  investigating  agencies in the  characterization of toxic 
substances  problems in Areas  of  Concern. It  was  apparent  to  the  Surveillance 
Work  Group and its Task  Forces  that  the toxic  substances  problems  must  be  well 
defined and the  cause-and-effect  relationships  adequately understood  before 
either  a remedial  action  plan or a  surveillance and monitoring  program  could 
be completed. A pragmatic,  scientifically  defensible,  approach  was needed to 
accomplish this. 

The  purpose of this  document is to provide  a  practical  "guide"  for  the 
assessment of toxic  substances  problems  in  Areas of Concern and to specify  the 
cause-and-effect  relationships  between  sources and environmental  effects. The 
strategies  outlined  in  this  document  are based on protocols  recommended at  the 
Monitoring in Areas of Concern  Workshop held at Canada  Centre  for Inland 
Waters  on  October 3-4, 1985. A list of workshop  participants  is presented in 
Appendix 1 . 

The  workshop  structure  consisted of four  groups:  biota,  sources,  water 
and  sediments. Each group  was  asked,  prior to the meeting, to address  a 
series of specific  questions  concerning  what  data and information  were 
necessary to delineate  toxic  substances  problems and how  to obtain  such  a  data 
base  in  a  river/harbor  Area of Concern. lhe  workshop provided an  opportunity 
for  the  four  groups  to  integrate  their  recommendations  into  one  comprehensive 
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approach.  While  state-of-the-art  technology  was  addressed,  a practical 
approach  was emphasized which  would  not  compromise  the  quality of the study. 

In order  to  narrow  the  scope o f  the  workshop and focus efforts on specific 
objectives,  those  items  not  expected  from  the  workshop  or  the resulting 
document  were identified: 

1. 

2. 

3 .  

4 .  

5. 

6. 

7. 

Concerns not related to contaminants, i.e. eutrophication, habitat. 

Individual  Area of Concern  surveillance and monitoring  programs. 

Remedial action plans. 

Designated uses. 

Compliance. 

Limited use  zones. 

costs. 

In an effort  to  synthesize  the  recommendations  from  the  workshop,  a 
flowchart  was developed which  incorporates  the  recommendations into a  sequence 
of  steps  for  the  characterization o f  toxic substances problems in Areas o f  
Concern  (Figure 1 ) .  Three  separate phases  have been defined in the overall 
study plan: 

1. Compilation and review of all available data and information. 

2. Confirmation of toxic  substances problems. 

3 .  Field  study. 

The  first  phase  involves  compilation of all available data and information 
prior to any  new field  studies. Table 1 outlines  the  three basic types of 
information  considered  necessary.  The historical information outlined 
provides t h e  documentation of the  degradation of the region. These data  can 
be helpful in locating  historical sources, tracing the  movement of  
contaminants  from  sources  into  the  nearshore  zone and providing  information on 
conditions  prior to degradation.  Current information  helps determine  the 
adequacy o f  the data base. Questions need to be answered concerning  source 
identification,  nature of the  contaminants being released  into the  system, 
loading, and qualitative and quantitative  information on contaminants found in 
sediments,  water and biota. Last,  future information  needs to be compiled and 
addressed so plans  can be developed  with long-term goals. 

The second phase  provides  a protocol for confirming  reported  problems. If 
the  information compiled during  the  first phase is considered inadequate, i.e. 
too  outdated  or limited to  develop  a remedial action plan and/or a 
surveillance and monitoring  plan,  then  a field verification step may be 
necessary in order t o  update  the  current  information base. This step is 
specifically designed to provide a field confirmation of the reported problem 
and is not intended to provide  detailed information concerning possible 



FIGURE 1. A g e n e r a l i z e d   p r o c e s s   f o r   d e v e l o p i n g  a r e m e d i a l   a c t i o n   p l a n   f o r  
t ox i c   subs tances   p rob lems  i n  Areas o f  Concern. The  numbers p r e s e n t e d   t o   t h e  
r i g h t  o f  t h e   d e c i s i o n   b o x e s   r e f e r   t o   t h e  s p e c i f i c  recommendations  on  Biota, 
Sources ,   Water ,   Sed iments   and  S ta t i s t i ca l   Cons idera t ion .  
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T A B L E  1. O u l l i n e  of data  and in fo rma t ion   necessa ry   t o   rev iew   fo r   deve lopmen t  o f  a remedial 
a c t i o n   p l a n  o r  ,I s u r v e i l l a n c e  and m o n i t o r i n g   p l a n   i n  Areas  of  Concern. 

I H I S 1 U I I l C A l .  l N [ O R M A T I O N :  
~. ~ ~~ ____ 

a .   l i i c t o r y   o f   l a n d   u s e   p a t t e r n s .  

b .   H i s t o r y  of water   usage  ( indust r ies,   munic ipa l   wastewater   t reatment   p lants ,   power  p lants ,  
mun ic ipa l   wa te r   i n takes ) .  

c .  ~ i ~ t o r y  o f  r i v e r / h a r b o r   m o r p h o l o g y   ( i n c l u d i n g   a l t e r a t i o n s   a n d   s t r u c t u r e s )  - 
d .  H i s t o r i c a l  changes i n   b i o t a   ( i n c l u d i n g   h a b i t a t ,   w e t l a n d s ,   s p a w n i n g  and nursery  grounds).  

e. H i s t o r y  of d r e d g i n g   ( i n c l u d i n g   d i s p o s a l   o f   d r e d g e   s p o i l s ) .  

- I 1  CURI<ENI 1NfUIIMAIIUN ( 5  10 y r s . ) :  

a .  P r e c i s e  d e s c r i p t i o n  o f  designated  uses. 

b .  Descr ip \ ion  o f   consumpt ive  uses.  

c .   Q u a n t i t y  and q u a l i t y  of i n p u t s :  

1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
R . 
9 .  

10. 

M u n i c i p a l   w a s t e w a t e r   t r e a t m e n t   p l a n t s   ( i d e n t i f y   t h o s e  who accep t   i ndus t r i a l   was te ) .  
I n d u s t r i e s .  
L a n d f i l l s .  
Urban  runof f  . 
Combined  sewer over f lows.  
A g r i c u l t u r a l   r u n o f f .  
Groundwater. 
Almorphere. 
I n   p l a c e   p o l l u t a n t s .  
l)A/QC documentat ion  o f   inputs   (sampl ing  protocol ,   sampl ing  reg imes,   f requency,  
p e r i o d  o f  r e c o r d ,   e t c . ) .  

d .   I m p a c t s   ( i n c l u d e   g e o g r a p h i c   e x t e n t ;   i m p l i c i t   i s   a n   u n d e r s t a n d i n g  O F  system  hydrodynamics). 

1 .  Use impa i rmen ts   ( i nc lud ing   hea l th   adv i so r ies   on   b io ta ,  swimming p r o h i b i t i o n s ,  
r 6 , s t r i c t i o n s   o n   d r e d g i n g   f o r   n a v i g a t i o n a l   p u r p o s e s ,   d r i n k i n g   w a t e r   r e s t r i c t i o n s ,  
sp rc ia l   requ i remen ts  Tor d isposa l   o f   d redge  spo i l s  - C D F ,  e t c . ) .  

2 .  ‘ j rd iment   contaminat ion.  
3 .  I i i o l o g i c a l  community s t r u c t u r e  and  composit ion. 
4 .  Hio,1ccumulation  of  Contaminants. 
5 .  I l i oassay   resu l t s .  
6 .  ()A/UC documentation of impacts .  

e .  O e 5 c r i p t i o n  o f  

1 .  Upstream. 
2 .  Offshore .  
3 .  Nearshore 
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a .   D e s c r i p t i o n s  o 

1 .  land  use. 
2 .  Water  use. 

b .  D e s c r i p t i o n  o f  

unimpacted  area 

( remote) .  

f planned  redevelopment 

p lanned  dredging.  

1 .  Channel  management. 
2 .  New CDFs. 

c .  B i o l o g i c a l  management ( g o a l s ) .  

1 .  l a r g e t   s p e c i e s   ( e . g .  management f o r   w a l l e y e ) .  
2.  A r t i f i c i a l   r e e f s .  



s o u r c e s   o r   f a t e s   o f   s p e c i f i c   t o x i c   s u b s t a n c e s .   T h i s   s t e p  may be  most 
f requen t l y   imp lemen ted  i f  t h e   d a t a   b a s e   f o r   t h e   r e g i o n  i s  more than   10   yea rs  
o l d   o r   t h e   d a t a   a r e   l i m i t e d .   S e c t i o n  2.0 o f   t h i s  documen t   p rov ides   de ta i l ed  
i n f o r m a t i o n   o n   t h i s   p o r t i o n   o f   t h e   f l o w c h a r t .  

The t h i r d  phase o f   t h e   p r o c e s s   p r o v i d e s  a sequence o f   s t e p s   t h a t  will 
d e v e l o p   d e t a i l e d   i n f o r m a t i o n   o n   t h e   t o x i c   s u b s t a n c e s   i d e n t i f i e d   a s   p r o b l e m s   i n  
the  Areas  o f   Concern.  The i n f o r m a t i o n   d e r i v e d   f r o m   t h i s   p h a s e  will enable a 
mass b a l a n c e   t o  be d e v e l o p e d   f o r   i n d i v i d u a l   c o n t a m i n a n t s  and h e l p   i n  
u n d e r s t a n d i n g   t h e   l i n k s   b e t w e e n   s o u r c e s   o f   t o x i c   s u b s t a n c e s   a n d   b i o l o g i c a l  
e f f e c t s .   F o u r   s t e p s   a r e   o u t l i n e d :  

1 .   De f ine   t he   geograph ica l   ex ten t   o f   t he   A rea   o f   Concern .  

2 .  D e f i n e   t h e   d e p o s i t i o n a l   a r e a s   w i t h i n   t h e   r i v e r / h a r b o r   m o u t h  and 
a s s e s s   t h e   b i o a v a i l a b i l i t y   o f   i n - p l a c e   c o n t a m i n a n t s .  

3 .  Q u a n t i f y   a l l   s o u r c e s   w i t h i n   t h e   g e o g r a p h i c   e x t e n t   o f   t h e   A r e a  o f  
Concern. 

4 .  Compute t h e   r e l a t i v e   c o n t r i b u t i o n   o f   t o x i c   s u b s t a n c e s   f r o m   s o u r c e s .  

The s p e c i f i c   i n f o r m a t i o n   n e c e s s a r y   t o   i m p l e m e n t   t h e s e   f o u r   s t e p s   o f   t h e  
f i e l d   s t u d y   i s   d e t a i l e d   i n   s e c t i o n s  3 th rough  7 .  

SECTION TOPIC 

B I O T A  
SOURCES 
WATER 
SEDIMENTS 
STATISTICAL CONSIDERATIONS 

These f i v e   s e c t i o n s   c o n t a i n   i n f o r m a t i o n  o n   w h a t   p r o t o c o l   i s   a p p r o p r i a t e  
f o r   t h e   s p e c i f i c   t a s k  and why  a c e r t a i n   p r o c e d u r e   i s  recommended o v e r   o t h e r s .  
A c t u a l   p r o c e d u r a l   i n f o r m a t i o n  will be presented  i n  a subsequent  document. 

It i s   n o t   e n v i s a g e d   t h a t   d e v e l o p m e n t   a n d   i m p l e m e n t a t i o n   o f   r e m e d i a l   a c t i o n  
p l a n s  will be a qu ick   p rocess .   A reas   o f   Concern   have   evo lved   t h rough   tox i c  
subs tances   abuse   ove r   decades ;   t he   p rocess   o f   comp le te   res to ra t i on  may t a k e   a t  
l e a s t   a s   l o n g .  It i s   f e l t ,  however, t h a t  an o r d e r l y   p r o c e s s   a s   o u t l i n e d   i n  
t h i s  document will a l l o w   e f f e c t i v e   p r o g r e s s   i n   r e s o l v i n g   t o x i c   s u b s t a n c e s  
problems i n  Areas  of   Concern.  

The Steer ing  Commit tee recommends t h a t   t h r e e   i n i t i a t i v e s  be  undertaken  as 
a f o l l o w - u p   t o   t h i s   d o c u m e n t :  

1 .  The t e s t s   i d e n t i f i e d   t o   c o n f i r m   t o x i c   s u b s t a n c e s   p r o b l e m s   i n   F i g u r e  1 
shou ld  be f i e l d   t e s t e d   i n   b o t h  an  Area o f  Concern  and  an  "unimpacted" 
a r e a   f o r   v a l i d i t y   ( S e e   S e c t i o n  2.0 f o r   f u r t h e r   i n f o r m a t i o n  on  these 
t e s t s )  ; 
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2. A l l  literature  containing  the  specific  methods, i . c .  detailed 
documentation o f  techniques recommended in this  document should be 
compiled  and  housed  in  the IJC Great  Lakes Regional Office ILibrary; 
and 

3 .  A comparative  study  should be undertaken to field  test (in the  same 
place at  the  same time)  the  methods recommended in the Biota Section 
of  this  document.  Such  a  comparative  study  would  greatly  improve  our 
ability to determine  how  these biological  methods  can  best be  used t o  
aid assessment in Areas o f  Concern. 
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2.0 CONFIRMATION OF TOXIC SUBSTANCES  PROBLEMS 

I n   t h e   f l o w   c h a r t   p r e s e n t e d   i n   F i g u r e  1 o f   S e c t i o n  1.0, i t  i s  recommended 
t h a t   f o l l o w i n g   c o m p i l a t i o n  o f  a l l   d a t a  and i n f o r m a t i o n ,  one s h o u l d   c o n f i r m   t h e  
t o x i c   s u b s t a n c e s   p r o b l e m s ,   s i n c e   t h e   d a t a   a r e   q u i t e   o f t e n   o l d  ( > l o  years)  
a n d / o r   l i m i t e d .  To p r o v i d e  a c u r r e n t   a s s e s s m e n t   a t   r e l a t i v e l y   l o w   c o s t ,   e i g h t  
t e s t s   o r   i n i t i a t i v e s   a r e  recommended t o   c o n f i r m   t o x i c   s u b s t a n c e s   p r o b l e m s   i n  
Areas o f  Concern  (See  Figure 1 i n   S e c t i o n   1 . 0 ) .  The p u r p o s e   o f   t h i s   s e c t i o n  
i s  t o   d e s c r i b e   i n   g r e a t e r   d e t a i l   t h o s e   t e s t s   o r   i n i t i a t i v e s  recommended t o  
c o n f i r m   t o x i c   s u b s t a n c e s   p r o b l e m s ,   p r o v i d e   t h e   r a t i o n a l e  and p r e s e n t   s p e c i f i c  
m e t h o d s   ( i n c l u d i n g   r e f e r e n c e s ) .  I f  any o f   t h e   e i g h t   t e s t s   o r   i n i t i a t i v e s  
c o n f i r m   t o x i c   s u b s t a n c e s   p r o b l e m s   ( s e e   F i g u r e  1 i n   S e c t i o n  l.O), it i s  
recommended t h a t  an i n t e n s i v e   i n v e s t i g a t i o n  be i n i t i a t e d   t o   d e f i n e   t h e  
geograph ic   ex ten t  o f  t o x i c   s u b s t a n c e s   p r o b l e m s ,   a s s e s s   b i o a v a i l a b i l i t y   o f  
t o x i c   s u b s t a n c e s   i n   s e d i m e n t s ,   q u a n t i f y   a l l   s o u r c e s   w i t h i n   t h e   d e f i n e d   a r e a ,  
and  compute r e l a t i v e   c o n t r i b u t i o n   f r o m   s o u r c e s   ( s e e   s e c t i o n s  3.0 - 7.0 f o r  
spec i f i c   recommendat ions) .  

Tab le  2 p r e s e n t s   a n   o v e r v i e w   o f   t h e  recommended t e s t s   o r   i n i t i a t i v e s  t o  
c o n f i r m   t o x i c   s u b s t a n c e s   p r o b l e m s ,   t h e   r a t i o n a l e   f o r   e a c h  and t h e   c r i t e r i a   f o r  
a c c e p t a b i l i t y .   P r e s e n t e d   b e l o w   i s  a more d e t a i l e d   d i s c u s s i o n   o f   t h e   c o n c e r n s  
i d e n t i f i e d   i n   T a b l e  2: 

o Contaminated  Sediment .   Sediment   contaminat ion  represents  a s i g n i f i c a n t  
p rob lem i n  Areas o f  Concern, p a r t i c u l a r l y  as a r e s i d u a l   s o u r c e   o f  
con tamina t ion .  Even a f t e r   a l l   a c t i v e   s o u r c e s  o f  tox ic   substances  have 
b e e n   e l i m i n a t e d ,   s e d i m e n t   r e d i s t r i b u t i o n  and f o c u s s i n g   b y   p h y s i c a l  
processes may c o n c e n t r a t e   c o n t a m i n a t e d   s e d i m e n t   i n   d e p o s i t i o n a l   a r e a s ,  
t h u s   c o n s t i t u t i n g  a r e g i o n   w h i c h  may contaminate   the   benthos  and 
a s s o c i a t e d   f o o d   c h a i n .   I n   a d d i t i o n ,  i f  s e d i m e n t   d e l i v e r e d   t o   t h e  open 
l a k e   f r o m   t r i b u t a r i e s   a n d   h a r b o r s  i s  contaminated,  i t  may c o n t r i b u t e  t o  
open- lake  problems.  Toxic  substances  accumulate i n  sediments a t  much 
h i g h e r  c o n c e n t r a t i o n s   t h a n   i n   w a t e r ,   t h u s   s e d i m e n t s   c a n   s e r v e  as a 
" sou rce "   and /o r   i i s i nk i l   o f   t ox i c   subs tances .  A sediment  sample  should be 
c o l l e c t e d   f r o m  a p r e v i o u s l y   i d e n t i f i e d   c o n t a m i n a t e d   a r e a ,   i . e .  
d e p o s i t i o n a l   a r e a ,   u s i n g   e i t h e r  a Ponar ,   Shipek,   Min i -Shipek  or  
B i rge -Ekman   samp le r   and   t he   su r f i c i a l   sed imen t   ( t op  3 cm) should be 
a n a l y z e d   f o r  known t o x i c   s u b s t a n c e s   u s i n g   s t a n d a r d   a n a l y t i c a l   l a b o r a t o r y  
p r o c e d u r e s .   F u r t h e r   d i s c u s s i o n   o f   s t a n d a r d   a n a l y t i c a l   l a b o r a t o r y  
p r o c e d u r e s   i s   p r e s e n t e d   i n   S e c t i o n  6.0 o f   t h i s  document. 

o C o n t a m i n a t e d   F i s h .   F i s h   a r e   i m p o r t a n t   i n d i c a t o r s  o f  c o n t a m i n a t i o n   i n  
Areas o f  Concern.  Toxic  substances  accumulate i n   f i s h   a t  much h i g h e r  
c o n c e n t r a t i o n s   t h a n   i n   w a t e r   t h r o u g h   b i o m a g n i f i c a t i o n .   M o r e o v e r ,   f i s h  
d e s e r v e   s p e c i a l   c o n s i d e r a t i o n   b e c a u s e   o f   t h e i r   d i r e c t   u t i l i z a t i o n   b y  
humans. T h i r t y - f o u r   o f   t h e  42  Areas o f  Concern   have   e leva ted   l eve l s   o f  
t o x i c   s u b s t a n c e s   i n   f i s h .  As a r e s u l t ,  i t  i s  recommended t h a t   t e n   a d u l t ,  
r e s i d e n t ,   d e m e r s a l   f i s h e s  be co l l ec ted ,   compos i ted   and   ana lyzed   f o r   t he  
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i 

w 
I 

TABLE 2. An overview of recommended  tests to confirm  toxic  substances  problems in Areas o f  Concern 
(including  rationale  and  criteria for acceptability). 

- " 

I I I 
I I I 

I I I 
CONCERN I APPROACH I RAl IONALE I CRIlfiRIA  FOR ACCEPlABILIl Y 

CONlAMINATED :Collect  sediment  sample from icontaminants  accumulate in :Concentrations  less  than  or  equal t o  
SEDIMENT :previously  identified  area :sediments  at  much  higher ;background  levels  presented  in 

" 

:and  analyze  for  known  contam-:concentrations  than in :Table 3 
inants.  water. I 

I 
1- I 1 

CONTAMINATED :Composite 10 adult  bullhead, :Contaminants  accumulate in :Fish  present  and  contaminants 
FISH :carp  or  suckers and analyze :fish  at  much  higher  concen- ;concentrations  less  than  Great  Lakes 

- 

;for known  contaminants.  itrations  than  in  water and :Water  Quality  Objectives or less 
I 

I 

I 

I :many  Areas of Concern  have ;than  detection limits" (See  Annex 1 
I :health  advisories on those :of the  1978  Great Lakes Water 
I :species. ;Quality Agreement). 
I I I 

CONlAMINANTS  ;Collect  indigenous  benthos  :Contaminants  biomagnify ;Benthos  present and contaminant 
BIOACCUMULA1ING:from  previously  identified  :through  food  chain. :concentrations  less  than  detection 
IN BENTHOS  :contaminated  area and analyze: ;limits*  (See  Annex 1 of the  1978 

:for  known  contaminants. I I :Great Lakes Water  Quality 
I I 

I I I 
I I :Agreement). 

TUMORS IN :Collect  indigenous  fishes  andicertain  contaminants are  :No  tumors  found. 
FISH ;inspect  for tumors.  :known to  cause  tumors in 

- 

I 

I I I 
I :fish in Areas o f  Concern 

TOXICITY  ;Perform  Ceriodaphnia  bioassaylThis  bioassay  tests  for  :No  significant  effects  relative to 
:on  ambient  water sample. ;low-level,  acute  and  chroniclcontrols (P c0.05). 
I 

I 
I :effects.  Ceriodaphnia i s  : 
I !easy to  culture  and  results I 
I lare reproducible. I 
I I 

I I I 

ELIMINATION  ;Perform  compliance  inspection:Actions  may  already  have :Actions  have  eliminated  loadings 
OF SOURCE  :evaluation  to  determine i f  :been  taken. :from  known sources. 
LOADINGS  :actions  have to be taken to f I I 

:eliminate  or control  source 
:loadings of known  contamin- f 
:ants. I I I I 

I 
I 
I 
I 

as  determined by best  available  technology. 



TABLE 3. B a s i n   s p e c i f i c   b a c k g r o u n d   l e v e l s  o f  p o l l u t a n t s   i n   s e d i m e n t s   o f   t h e   G r e a t   L a k e s   ( m g l k g ) .   A d d i t i o n a l   w o r k  i s  n e c e s s a r y   t o   q u a n t i f y  
b a c k g r o u n d   l e v e l s   o f   p o l l u t a n t s   i n  t h e  b a s i n s   w h e r e   n o   d a t a   c u r r e n t l y  e x i s t s .  

Recommended 
Dredg ing  
G u i d e l i n e 4 -  
1ooo 

2000 

100 

L A K E  M I C H I G A N  
F B  I MwB I WaB I S O B  I GHB 

N / A  I N / A  : N / A  N / A  N / A  
N / A  1 N/A 1 N / A  1 N / A  1 N / A  

N / A  1 N / A  1 N / A  N / A  1 N /A 

--."-I---"I-I-I- 

- 1 ~ 1 - 1 - 1 -  

L A K E  E R I E  
WeB I CeB 

700 :  1 100 

15001  1500 

N/A 1 N/A 

-1- 

-1- 

0 . 1 :   0 . 1  
-1- 

281 28 

701 110 
-1- 

-1- 

N / A  1 N /A  

N/A 1 N/A 
-1- 

-1- 

301  40 
-1- 

2 . 0 :   2 . 0  
-1- 

N / A  N /A  
-1- 

6001 600 
-1- 

N/A 1 N/A 
-1- 

N / A  : N/A 

L A K E  O N T A R I O  
N i B  I M i B  I ROE 

00: 700 :   I 600  

27001  2300:  2300 

N / A  1 N / A  1 N / A  

0.08: 0.031 0.09 

321 3 2 :  30 

121:  101:  108 

i2500146200:46200 

N/A 1 N/A : N / A  

-1-1- 

-1-1- 

-1-1- 

-1-1- 

-1-1- 

-1-1- 

-1-1- 

561 461 46 

1.51 0 . 9 :  1 . 0  
-1-1- 

-1-1- 

N/A 1 N/A 1 
23001  2300:  1700 

-1-1- 

-1-1- 

N/A 1 N/A 1 N / A  
-1-1- 

N/A I N/A 1 N / A  

T o t a l  P 
T o t a l  N 

Arnmon i a 1 

0.3  

Pb 50 

105 

45500 

Zn 

Fe 

Cr 120 

c u  45 

Cd 1 . 5  
N i  90 

1625 Mn 

N/A 1 N/A 1 N/A 1 N /A  1 5 As 
Cyan ide  

V o l a t i l e  LO1 
S o l   i d s   t 6 0 0 " C  

coo 
PCB 

Oil & Grease 

8 

0.1 
- 
I8400 

N/A 

N / A  
N/A 

- 
- 
- 
- 

N/A 

- 
I 
I 

- 
I 
I 

I 

27300 i 24000  27800 

N/A 1 N / A  N/A  

N/A I N /A  N/A 

-1- - 
-1- - 
-1- - 

N/A 1 N/A N / A  
-1- - 

I 
I 
I 
I 
I 
I 

26300  22900 i N/A 
N/A 1 N/A 1 N/A 

N/A I N/A  I N/A 

-1-1- 

-1-1- 

35200 

N/A  

N/A 

10000 

N/A 

N / A  

N /A  

20000 
N/A 

N/A 
N/A 

19100 

N/A 
N/A 
N/A 

18400 

N/A 
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known  contaminants  to  confirm  the  existence of fish  contaminant  problems 
in the identified  Area of Concern. Fish are best  collected using 
overnight  bottom gill net  sets  (electrofishing or hoop or  fyke netting are 

because  they are bottom  feeders and they  are usually  readily  available in 
Areas of Concern,  generally  resident, and often on health  advisory  lists. 
After  collection,  weigh,  measure and  wrap  whole fish in hexane--rinsed 
aluminum foil  and store at -25°C until homogenization. 

' alternative methods). Select  the  ten largest carp,  suckers  or  bullhead, 

In the  laboratory, grind  fish to  a homogenous  consistency  with  a 
commercial  meat  grinder, e.g. Hobart  Chopper  from  which  a 50g subsample 
(aliquot) is taken.  Subsample  homogenates  are stored in acid-washed and 
acetone-hexane  rinsed  glass  containers  at -25°C until trace metal and 
organic  residue  analyses  are  completed using standard  analytical 
laboratory  techniques.  Subsample  homogenates should be analyzed for 
previously  identified  toxic  substances. 

o Contaminants  Bioaccumulating in Benthos.  Because  bioaccumulation of 
contaminants  and  contaminated  sediments  are identified  problems in most 
Areas  of  Concern, e.g. 39 of the 42 Areas of Concern  have  sediments 
contaminated  with  toxic  substances, it is necessary  to  assess 
bioavailability of toxic  substances  from  sediments.  Indigenous benthos 
are  recommended  for  assessing  bioavailability of toxic  substances  from 
sediments  because  these  animals  are in direct  contact  with contaminated 
sediments and many  species  directly  ingest large  volumes o f  sediment. 
Therefore,  any  bioavailable  contaminants will most  likely be taken up by 
indigenous  benthos.  Furthermore, benthos  can be a food resource  for 
higher  trophic  levels,  thus  resulting in biomagnification o f  contaminants. 

If sufficient  biomass, e.g. as little  as 100 organisms  or 0.5 g  of midges 
or  worms,  can be  collected  from  the depositional zone  where  there is known 
contamination, it is recommended  that  the  organisms be sieved in the 
field,  digestive  tract  contents purged in distilled  water f o r  24 hours 
and the  organisms  analyzed  for  known  contaminants  as a measure of  
bioavailability. 

The  precise  methodology  for  this  assessment of bioavailability is 
presented in Oliver (1984).  By comparing  the  concentrations o f  toxic 
substances in sediments  with  those found in indigenous, benthic 
invertebrate  fauna  and  resident  fishes, both bioavailability and 
biomagnification  can  be  assessed. 

o Tumors in Fish.  Correlations  between  the  incidence of tumors in fishes 
and  the  presence o f  toxic  substances have been established  in  Areas of 
Concern, e.g. Black River, and verified in laboratory  studies  (Baumann 
- al. 1982). Identifying  tumors in fish  is an important  part o f  assessing 
potential  effects of toxic  substances. Following  field  collection of 
fishes via overnight  bottom gill net  sets, electrofishing, or hoop or  fyke 
netting  (see  Contaminated  Fish  Section), all specimens  should be analyzed 
for tumors.  lhe  manual,  "Handbook  for  the  Identification of lumors in 
Great  Lakes  Fish"  (to be  published by the  Great Lakes  Fishery  Commission 
in the  near  future)  is  recommended  for identifying  tumors in fish. 



o T o x i c i t y .   I n v e r t e b r a t e   b i o a s s a y s   h e l p   t o   e v a l u a t e   t h e   n a t u r e  and  degree 
o f   h a r m f u l   e f f e c t s   o f   t o x i c   s u b s t a n c e s  on aquat ic   o rgan isms.   C ladocerans  
h a v e   b e e n   u s e d   e x t e n s i v e l y   f o r   a q u a t i c   t o x i c o l o g y   t e s t i n g   b e c a u s e   t h e y   a r e  
r e a d i l y   a v a i l a b l e ,   a d a p t a b l e   t o   l a b o r a t o r y   c o n d i t i o n s ,   r e q u i r e   l i t t l e  
s p a c e ,   a n d   a r e   s e n s i t i v e   t o  a w i d e   v a r i e t y   o f   c h e m i c a l   p o l l u t a n t s .  They 
a l s o   a r e   a n   i m p o r t a n t   l i n k   i n   a q u a t i c   f o o d   w e b s .  

The Cer iodaphn ia   seven-day ,   t h ree -b rood   t es t  i s  recommended as a 
r e l a t i v e l y   r a p i d   t e s t   t o   a s s e s s   t h e   c h r o n i c   t o x i c i t y   o f   a m b i e n t   w a t e r s .  
Amb ien t   wa te r   samp les   shou ld   be   co l l ec ted   f rom  the   impac ted   a rea ,   i . e .  
h a r b o r   o r   m o u t h   o f   r i v e r ,   f o r   t h e   b i o a s s a y .  The c h o i c e   o f   c o n t r o l   w a t e r s  
and t h e   s t o r a g e   o f   t e s t   w a t e r s ,  i f  n e c e s s a r y ,   a r e   c r u c i a l  t o  t e s t  
success. The t e s t   i s   d e s i g n e d   t o  be   conducted   dur ing  a regu la r   work  week 
and i s   s u i t a b l e   f o r   s m a l l ,   m o b i l e   l a b o r a t o r i e s .   C o n s e q u e n t l y ,   p r o l o n g e d  
s t o r a g e  (>12 h r )   o f   t e s t   w a t e r s   s h o u l d  be a v o i d e d .   R e s u l t s   a r e   u s u a l l y  
s e n s i t i v e   t o   i d e n t i f y i n g   i m p a c t s .   S u r v i v a l  and r e p r o d u c t i o n   a r e   k e y  
f a c t o r s   f o r   e v a l u a t i o n .  

The t h r e e - b r o o d   C e r i o d a p h n i a   l i f e - c y c l e   t e s t   u s i n g   r e n e w a l   t e c h n i q u e s  was 
developed a t   t h e  U . S .  EPA's  Environmental   Research  Laboratory a t   D u l u t h   b y  
Moun t   and   Norbe rg   (1984)   f o r   on -s i t e   t es t i ng   o f   comp lex   e f f l uen ts  and 
r e c e i v i n g   w a t e r s .  The  use o f   C e r i o d a p h n i a   a f f i n i s / d u b i a   o v e r   D a p h n i a  
magna i n  c h r o n i c   t o x i c i t y   t e s t i n g  has  been  suggested f o r   s e v e r a l   r e a s o n s :  

1 .  The organ ism i s  more e a s i l y   c u l t u r e d   t h a n  p. magna. 

2 .   C e r i o d a p h n i a   a f f i n i s / d u b i a ,   u n l i k e  Q. magna, i s  f o u n d   l o c a l l y   i n  
t h e   G r e a t   L a k e s   r e g i o n .  

3. It i s  m o r e   s e n s i t i v e   t o  a v a r i e t y   o f   t o x i c a n t s   t h a n   o t h e r  
c ladocerans  (Mount  and  Norberg  1984).  

4 .  The s h o r t   m a t u r a t i o n   t i m e   a l l o w s   f o r   t h r e e   b r o o d s   t o  be  produced 
per a d u l t   f e m a l e   i n   s e v e n   d a y s   a t  25"C,  r e s u l t i n g   i n  a s h o r t e r  
c h r o n i c   t e s t   p e r i o d  compared t o   e i t h e r  p. magna o r  p. Pu lex .  

The Ceriodaphnia t e s t   i s  conducted for  seven  days a t  2 5 O C  with a 16-hour 
pho toper iod .  Ten r e p l i c a t e   b e a k e r s ,   e a c h   w i t h  one an ima l ,   a re   used   f o r   each  
t e s t   s o l u t i o n  and c o n t r o l .   P l a c e  a s i n g l e  young   (neona te )   i n to  a 2 5  m l  py rex  
b e a k e r   c o n t a i n i n g  1 5  m l  o f   t e s t   w a t e r .  The young  should  be  two t o   f o u r   h o u r s  
o l d ,   a l t h o u g h  it i s   o f t e n  m o r e   p r a c t i c a l   t o   u s e   n e o n a t e s   t h a t   a r e  up t o  12 
h o u r s   o l d .  The t e s t   i s  renewed  on  days  three  and f i v e   b y   t r a n s f e r r i n g   a n i m a l s  
w i t h   a n   e y e d r o p p e r   t o  a  new beaker  and new t e s t   w a t e r .   I n d i v i d u a l s   a r e   f e d  
d a i l y   b y   a d d i n g   y e a s t   s u s p e n s i o n   a t   t h e   r a t e  o f  250  pg (0 .05 m l  o f  5 mg/ml 
s o l u t i o n   o f   d r y   y e a s t   d i s s o l v e d   i n   d i s t i l l e d   w a t e r )   p e r   a n i m a l   p e r   b e a k e r .  
T h r o u g h o u t   t h e   b i o a s s a y ,   b e a k e r s   a r e   l o o s e l y   c o v e r e d   w i t h   p a r a f i l m   t o   d e c r e a s e  
e v a p o r a t i v e   c o o l i n g   d u r i n g   i n c u b a t i o n .   S u r v i v a l   o f   t e s t   a n i m a l s  i s  mon i to red  
d a i l y .  

On d a y   f i v e ,  i f  young  have  been  produced,  they  are  counted  and  discarded 
upon t r a n s f e r   o f   t h e   a d u l t   t o   f r e s h   t e s t   w a t e r .  A t  t h e  end of  day  seven, 
s u r v i v a l   o f   t h e   o r i g i n a l   f e m a l e s   i s   r e c o r d e d ,   t o t a l   y o u n g   p e r   f e m a l e   c o u n t e d  
and  number o f   b r o o d s   p e r   f e m a l e   e s t i m a t e d .  I f  males  occur i n   t h e   t e s t  
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r e p l i c a t e s ,   t h e y   a r e   i n c l u d e d   i n   t h e  s u r v i v a l   d a t a ,   b u t   e x c l u d e d   f r o m   t h e  
c a l c u l a t i o n s   f o r  mean young  and mean brood  per   female .  

o E l i m i n a t i o n   o f   S o u r c e   L o a d i n q s .  A source   compl iance  rev iew  shou ld  be 
p e r f o r m e d   t o   d e t e r m i n e  i f  ac t i ons   have  been t a k e n  t o  e l i m i n a t e  or c o n t r o l  
sou rce   l oad ings   o f  known contaminants .  I f  a c t i o n s   h a v e   b e e n   t a k e n   t o  
c o n t r o l   s o u r c e   l o a d i n g s ,  a h i s t o r i c a l   d i s c h a r g e   p r o b l e m  may be  present ,  
e . g .   i n - p l a c e   p o l l u t a n t s .  I f  no   ac t i ons   have   been   taken ,   t he re   i s   an  
obvious  need t o   i d e n t i f y   t h e   s o u r c e s  o f  c o n t a m i n a n t s ,   q u a n t i f y   l o a d i n g s  
and  compute r e l a t i v e   c o n t r i b u t i o n s   b e f o r e   r e m e d i a l   a c t i o n s   c a n   b e  
i d e n t i f i e d  . 
A r e v i e w  of known sources  should  be  undertaken t o   d e t e r m i n e  i f  changes 
have  occurred i n   l o a d i n g s   o f  a parameter .  Changes wh ich  may l e a d   t o  
s i g n i f i c a n t   r e d u c t i o n s   i n   l o a d i n g s   i n c l u d e :  

1 .   P l a n t   c l o s i n g - - a   f a c i l i t y  known t o  have a s i g n i f i c a n t   l o a d i n g   i s  
n o   l o n g e r   o p e r a t i n g .  

2 .  Process  change--a f a c i l i t y  known t o  have a s i g n i f i c a n t   l o a d i n g  
has  changed i t s  p rocess  so  it no  longer   d ischarges   the   parameter  

3 .  Compl iance  w i th  a new p e r m i t   o r   c o n t r o l   o r d e r - - a   f a c i l i t y  known 
t o  have a s i g n i f i c a n t   l o a d i n g  has  been  issued a new p e r m i t   o r  
c o n t r o l   o r d e r  and i s   i n  c o m p l i a n c e   w i t h  new l i m i t a t i o n s .  

I f  any o f  the   above  changes  have  occur red   s ince   the   a rea  was l i s t e d  as  an 
Area o f  Concern,   these  sources may n o   l o n g e r   b e   c o n t r i b u t i n g   s i g n i f i c a n t  
l o a d i n g s  and c o n f i r m a t i o n   o f   t o x i c   s u b s t a n c e s   p r o b l e m s   m u s t   b e   o b t a i n e d   b y  
one o f   t h e   o t h e r   s e v e n   t e s t s   d e s c r i b e d   a b o v e .  

The necessa ry   i n fo rma t ion   on   p lan t   c los ing ,   p rocess   change   and   comp l iance  
(see   i t ems  1-3  above) may be   ob ta ined  by  a s imp le   t h ree -s tep   p rocess :  

Step  1: 

S tep  2 :  

” Step  3:  

I n v e n t o r y   t h e   A r e a  o f  Concern f o r   p a s t  and  cur ren t   source   da ta  
f o r   t h e   p a r a m e t e r   o f   i n t e r e s t .   T h i s   c a n   b e   a c c o m p l i s h e d   v i a  a 
STORET i n v e n t o r y   r e t r i e v a l   f o r  U . S .  areas  and  an  inventory   o f  
t h e   m u n i c i p a l   a n d   i n d u s t r i a l   p o i n t - s o u r c e   d a t a   b a s e s   i n  
O n t a r i o .   N o t   o n l y  will t h i s   i n v e n t o r y   r e v e a l   w h i c h   s o u r c e s  
d i scha rge  a g i v e n   p a r a m e t e r ,   b u t   t h e   p e r i o d   o f   r e c o r d   a l s o  will 
be i d e n t i f i e d .  I f  t h e   d a t a   b a s e   i s   n o t   c u r r e n t   f o r   t h e  
p a r a m e t e r   o f   i n t e r e s t ,   t h i s   i n d i c a t e s   t h a t   t h e   f a c i l i t y  has 
c l o s e d   o r   c h a n g e d   i t s   p r o c e s s .   T h i s   s h o u l d   b e   c o n f i r m e d   w i t h  
t h e   j u r i s d i c t i o n .  

R e t r i e v e   t h e   e f f l u e n t   l i m i t a t i o n s   f o r   t h e   s o u r c e   o v e r   t h e   p e r i o d  
o f   r e c o r d .  I f  t h e   l i m i t s  have  changed f o r   t h e   p a r a m e t e r ,   t h e n  
t h i s   i s  a n   i n d i c a t i o n   t h a t  a new p e r m i t   o r   c o n t r o l   o r d e r  has 
been  issued. 

R e t r i e v e   c u r r e n t   s o u r c e   d a t a   f o r   t h e   p a r a m e t e r  o f  i n t e r e s t .  I f  
t h e   r e p o r t e d   d a t a   a r e   l e s s   t h a n   t h e   l i m i t a t i o n s ,   t h i s   i n d i c a t e s  
t h a t   t h e   s o u r c e  i s  m e e t i n g   i t s  new requi rements  and may no 
longer   be  a s i g n i f i c a n t   s o u r c e   o f   l o a d i n g .   T h i s   s h o u l d   b e  
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confirmed,  preferably by obtaining  a  compliance  inspection 
report from the  jurisdiction. A typical  compliance  inspection 
involves  a  jurisdictional  sampling  crew  entering  the  facility, 
verifying that  pollution-control  equipment is operating and 
sampling  the  effluent  for  the  same  parameters  that  the  facility 
reports in its  monthly  compliance  report. 

All of the  above  sources of information  relate to point  sources. Since 
mandatory  controls do  not  exist  for  non-point  sources,  a  review o f  
historical  information is not  likely to uncover  the  changes discussed  in 
this  section. 

Following  completion of the  tests and initiatives  presented  above  to 
confirm  toxic  substances  problems in Areas of Concern,  one could  ask the 
following  questions: 

- Are  fish or benthos  absent? 

- Do  fish have tumors? 

- Are sediments,  benthos or fish  contaminated? 

- Is there  evidence of toxicity? and 

- Has no  action been taken  to control source  loadings of toxic 
substances? 

I f  the  answer  to  any of these  questions is yes, based on the  criteria 
presented in Table 2, the  following  systematic  approach  is recommended: 

A.  Define  geographic  extent of Area  of  Concern; 

6 .  Assess  bioavailability of in-place  contaminants in depositional  areas  and 
quantify all sources  within  the  defined  geographic  area; and 

C. Compute  the  relative  contribution of  contaminants  from  confirmed  sources. 

The  recommendations  on  specific  methods and approaches t o  acquiring  these 
requisite  data  are  presented in the  following  sections on biota,  sources, 
water and sediment.  References  are  given  as  required. 
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3.1 INTRODUCTION 

Most  problems i n  any   A rea   o f   Concern   re la te   t o   chemica l   con taminan ts .  
D i f f i c u l t i e s   i n   a d d r e s s i n g   c h e m i c a l   c o n t a m i n a n t s   r e s u l t   f r o m :  1) t h e  number 
o f   d i f f e r e n t   c h e m i c a l s   a n d   t h e i r   f a t e  and d i s t r i b u t i o n ;  and 2 )  whether  
chemica l   con taminan ts   a re   be ing   d i scha rged   f rom  ac t i ve   sou rces ,   e .g .  
i n d u s t r i e s ,  sewage t r e a t m e n t   p l a n t s ,   a n d / o r   o c c u r   a s   i n - p l a c e   p o l l u t a n t s   f r o m  
h i s t o r i c a l   d i s c h a r g e s .  The d e g r e e   o f   p o l l u t i o n   t h e   p u b l i c   i s   w i l l i n g   t o  
t o l e r a t e   i n  Areas o f   Concern  will r a r e l y  be de te rm ined   by   t he   concen t ra t i on   o f  
s p e c i f i c   c h e m i c a l s ;   r a t h e r ,   a s   n o t e d   b y   R a v e r a   ( 1 9 7 5 ) ,   t h e   e f f e c t s   o f   t h e s e  
c h e m i c a l s   o n   b i o t a  will more l i k e l y   e l i c i t  r esponse   fo r   co r rec t i ve   measures   by  
t h e   p u b l i c  and  resource management agenc ies .   Consequent ly ,   de termin ing   the  
impac ts   o f   con taminan ts   on   b io ta  i s  a c r i t i c a l l y   i m p o r t a n t   a s p e c t  o f  d e f i n i n g  
problems i n  Areas o f  Concern,   develop ing  and  implement ing  the  Remedia l   Act ion 
P lan  ( R A P ) ,  and   subsequen t l y   assess ing   t he   e f fec t i veness   o f   remed ia l   ac t i ons  
b y   t r a c k i n g   e n v i r o n m e n t a l   q u a l i t y   t r e n d s   v i a   m o n i t o r i n g   a n d   s u r v e i l l a n c e  
programs , 

Many m e t h o d s   a r e   a v a i l a b l e   t o   a s s e s s   c o n t a m i n a n t   e f f e c t s  on a w i d e   v a r i e t y  
o f   b i o t i c   g r o u p s   a n d   m o r e   m e t h o d s   a r e   l i k e l y   t o  be a v a i l a b l e   i n   t h e   n e a r  
f u t u r e .  The c h a l l e n g e   i s   t o  choose among t h e   a r r a y   o f   a v a i l a b l e  t e s t s  t o  
o b t a i n   t h e   m o s t   i n f o r m a t i o n   o n   t h e   i m p a c t s   o f   p e r t u r b a t i o n s  on b i o t a   i n  
t i m e l y  and   cos t   e f fec t i ve   manner   and   t he reby   i n f l uence   t he   dec i s ion -mak i  
p r o c e s s e s .   I d e a l l y ,  it wou ld   be   des i rab le   t o   choose  among s tandard i zed  
methods t h a t   h a v e   b e e n   w i d e l y   t e s t e d   w i t h   a g r e e d - u p o n   p r o t o c o l s  and qua l  
assurance  p rocedures .   Unfor tunate ly ,   few  such  methods   ex is t .  

The e a r l i e s t   t e s t s   o f   p o l l u t a n t   e f f e c t s  on b i o t a  were   s ing le  
s p e c i e s / s i n g l e   c h e m i c a l   l a b o r a t o r y   b i o a s s a y s .   A l t h o u g h   o f f e r i n g   c o n t r o l  
c o n d i t i o n s   a n d   r e l a t i v e   e a s e   o f   i n t e r p r e t i n g   p o t e n t i a l   e f f e c t s ,   s u c h  
i n t e r p r e t a t i o n s   o f t e n   a r e   d i f f i c u l t   t o   r e l a t e   t o   c o n d i t i o n s   i n   n a t u r e .  

a 
ng 

i t y  

1 ed 

Th is  
concern   has   resu l ted  i n   t h e   e l a b o r a t i o n  and s o p h i s t i c a t i o n   o f   l a b o r a t o r y   t e s t s  
o f t e n   u s i n g   m u l t i p l e   s p e c i e s   a t   d i f f e r e n t   l e v e l s   o f   b i o l o g i c a l   o r g a n i z a t i o n  
(Ca i rns   1984)  and  conducted a t   c o n d i t i o n s  more c l o s e l y   r e s e m b l i n g   f i e l d  
s i t u a t i o n s .  The t e r m   " e c o t o x i c o l o g y "   i s   b e i n g   u s e d  more f r e q u e n t l y   t o  
i n d i c a t e   t h i s   t r e n d  away f r o m   t h e   l a b o r a t o r y   t o  m o r e   f i e l d - o r i e n t e d ,  
e c o l o g i c a l l y   i n t e r p r e t a b l e   b i o l o g i c a l   m e t h o d s   ( L e v i n  e t  a l .  1 9 8 4 ) .   F i e l d  
s t u d i e s   o f f e r   t h e   i n t e g r a t i o n   o f   p h y s i c o c h e m i c a l   a n d   b i o l o g i c a l   v a r i a b l e s   b u t  
it i s   o f t e n   d i f f i c u l t   t o   d i s t i n g u i s h   c a u s a l   r e l a t i o n s h i p s  between a p a r t i c u l a r  
p o l l u t a n t   o r   p o l l u t a n t   m i x t u r e s  and   an   obse rved   b io t i c   e f fec t .   Consequen t l y ,  
exper iments  i n   t h e   f i e l d   o r   u n d e r   c o n d i t i o n s   c l o s e l y   s i m u l a t i n g   t h e   f i e l d   a r e  
be ing   conducted  i n   e n c l o s u r e s   o f   w a t e r   a n d   s e d i m e n t   c a l l e d  cosms o r  
l imnocor ra l s ,   e .g .   Gr i ce   and  Reeve  1982. 

The e c o l o g y   o f   r i v e r   m o u t h s  and harbors  i n   t h e   G r e a t  Lakes i s  g e n e r a l l y  
p o o r l y   u n d e r s t o o d .   I n   f a c t ,   t h e s e   a r e a s   w e r e   s u b s t a n t i a l l y   p o l l u t e d  and 
p h y s i c a l l y   t r a n s f o r m e d   b y   t h e  end o f   t h e   1 9 t h   c e n t u r y ,   b e f o r e   r e s e a r c h  and 
monitor ing  of   ecosystem  components  began.  Researchers  and  managers i n   t h e  
Grea t   Lakes   bas in   a re  now a t t e m p t i n g   t o   l o o k   b e y o n d   c h e m i c a l   p o l l u t i o n   t o w a r d  
a more h o l i s t i c   p e r s p e c t i v e  o n   e c o s y s t e m   i n t e g r i t y ,   p r o t e c t i o n ,   r e s t o r a t i o n  
and r e h a b i l i t a t i o n   ( F r a n c i s ,   e t   a l .   1 9 7 9 ) .   A l t h o u g h  it i s  d e s i r a b l e  t o  
promote a b e t t e r   u n d e r s t a n d i n g  o f  t h e   e c o l o g y   o f   r i v e r s  and harbors   on   the  
Areas  of  Concern l i s t  and t o   s t r i v e   t o w a r d   r e h a b i l i t a t i o n ,   t h i s  document 
f o c u s e s   o n   s p e c i f i c   b i o l o g i c a l   s t u d i e s   ( b o t h   s t r u c t u r a l   s t u d i e s   a n d   f u n c t i o n a l  
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t e s t s ) .  The spec ies   o r   communi t ies   were   chosen  wh ich   y ie ld   the   bes t   and 
e a r l i e s t   i n d i c a t i o n   o f   b i o l o g i c a l   s t r e s s  and  impact  due t o   t o x i c   c o n t a m i n a n t s .  

3.1.1 - C a l l   f o r   C o m p a r a t i v e   S t u d y   o f   M e t h o d s  

All o f   t h e  recommended methods  are t o  a g r e a t e r   o r   l e s s e r   e x t e n t   i n  need 
o f   f u r t h e r   e v a l u a t i o n   a n d   v e r i f i c a t i o n   o f   t h e i r   r e l i a b i l i t y  and how t h e i r  
r e s u l t s   s h o u l d   b e   i n t e r p r e t e d .   T h e r e f o r e ,  recommended methods  should  be  used 
i n   p a r a l l e l   f o r   t h e   i n v e s t i g a t i o n  a n d   d e l i n e a t i o n   o f   p r o b l e m s   i n   A r e a s   o f  
Concern. It i s  recommended t h a t   t h e   I J C   c o o r d i n a t e  a s t u d y   w i t h i n   t h r e e  
years ,  t o  compare  as many o f   t h e   d i f f e r e n t   p r o p o s e d   m e t h o d s   a s   p o s s i b l e .  
Resu l ts   f rom  such a s t u d y   w o u l d   g r e a t l y   i m p r o v e   o u r   a b i l i t y   t o   d e t e r m i n e  how 
b i o l o g i c a l  methods  can  best  be  used t o   a i d   i n   t h e  assessment  of   problems i n  
Areas o f  Concern .   Hami l ton   Harbour   represents   an   Area   o f   Concern   idea l l y  
s u i t e d   f o r   t h i s   t y p e   o f   s t u d y  due t o   t h e   p r o x i m i t y   o f   t h e   l a b o r a t o r y  
f a c i l i t i e s   a t   t h e  Canada C e n t r e   f o r   I n l a n d   W a t e r s  ( C C I W ) .  

3 .2  GUIDE TO C H O I C E  OF METHODS 

Numerous b i o l o g i c a l   m e t h o d s   f o r   a s s e s s i n g   i m p a c t   w e r e   r e v i e w e d  and 
consensus was reached  on recommended methods  (Table 4 ) .  F i e l d   s t u d i e s  on 
c o m m u n i t y   s t r u c t u r e   a n d   f u n c t i o n a l   t o x i c i t y   t e s t s   e a c h   h a v e  a r o l e   i n  
a s s e s s i n g   i m p a c t s   o f   p o l l u t i o n   o n   b i o t a .   D i f f e r e n t   m e t h o d s   a r e   a p p l i c a b l e   f o r  
a s s e s s i n g   t h e   e f f e c t s   o f   r e l a t i v e l y   d i l u t e   c o n t a m i n a n t s   i n   t h e   w a t e r  column, 
as  opposed t o   t h o s e   c o n c e n t r a t e d   i n   t h e   s e d i m e n t s   ( T a b l e  4 ) .  Moreover, 
p l a n k t o n i c   o r g a n i s m s   s h o u l d   o b v i o u s l y   b e   u s e d   t o   a s s e s s   t h e   e f f e c t s   o f  
wa te rbo rne   chemica ls ,   ra the r   t han   t hose   adso rbed  on sediments ( i n   w h i c h   c a s e  
t e s t s   u s i n g   p e r i p h y t o n   o r   b e n t h o s   w o u l d  be  more a p p r o p r i a t e ) .  

3 . 2 . 1   R e l a t i o n s h i p   o f   M e t h o d s   t o   P o l l u t a n t s  

Tox i c   subs tances ,   espec ia l l y   pe rs i s ten t   o rgan ics   and   heavy   me ta l s ,   a re   t he  
m a j o r   p o l l u t i o n   p r o b l e m s   i n   A r e a s   o f   C o n c e r n .  However, human hea l th   and  
e u t r o p h i c a t i o n   ( n u t r i e n t s )   a r e   a l s o   i m p o r t a n t   i s s u e s .  The f o l l o w i n g   m a t r i x  
has  been  developed t o   a s s i s t   i n   t h e   s e l e c t i o n   o f   t h e   m o s t   u s e f u l  methods f o r  
e v a l u a t i n g  a p a r t i c u l a r   t y p e   o f   p o l l u t i o n   p r o b l e m   ( T a b l e  5 ) .  A t  t h e   t o p   o f  
t h e  t a b l e  a r e  l i s t s  o f  v a r i o u s  recommended m e t h o d s ,   w h i l e   t h e   l e f t   s i d e   l i s t s  
common p o l l u t i o n   p r o b l e m s   f o u n d   i n   t h e   G r e a t   L a k e s .  An " X "  i s   p l a c e d   u n d e r  
each  method t h a t   t h e  Work Group recommends t o   e v a l u a t e   t h e   p r o b l e m .   I n  
p rob lem  a reas   where   the   cause i s  unknown, a l l  methods  should  be  used. 
However, i n  such  cases, it s h o u l d   b e   p o s s i b l e   t o   o b t a i n  some i n d i c a t i o n   o f   t h e  
t y p e   o r   t y p e s   o f   p r o b l e m s   w h i c h   a r e   i n v o l v e d   t h r o u g h  a p r e l i m i n a r y   b i o l o g i c a l  
c h a r a c t e r i z a t i o n ,   t h e r e b y   e l i m i n a t i n g   t h e   n e e d   t o   u s e  some o f   t h e   m e t h o d s .   I n  
some a r e a s ,   w h e r e   m u l t i p l e   p r o b l e m s   a r e   p r e s e n t ,   a l l   t h e   m e t h o d s   s h o u l d  be 
a p p l i e d .   I n f o r m a t i o n   o n   s o u r c e s ,   w a t e r  a n d   s e d i m e n t   s h o u l d   f u r t h e r   a s s i s t   i n  
me thods   se lec t i on .  

3 . 2 . 2   R e l a t i o n s h i p  of  Methods t o   S p e c i f i c   A p p l i c a t i o n s  

The method o r  m e t h o d s   c h o s e n   m u s t   a l s o   c o n s i d e r   t h e   t y p e   o f   i n f o r m a t i o n  
r e q u i r e d   i n   t h e  Area of   Concern.  I n  t h e   p r o c e s s   f l o w c h a r t   p r e s e n t e d   i n   F i g u r e  
1,  Sec t i on   1 .0 ,  i t  i s  recommended t o :  1 )  con f i rm   tox i c   subs tances   p rob lems ;  
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TABLE 4 

RECOMMENDED METHODS FOR ASSESSING EFFECTS OF CONTAMINANTS ON 

B I O T A  I N  AREAS OF CONCERN 

WATER SEDIMENT 
B I O I  IC GROUP S t r u c t u r a l   F u n c t i o n a l   S t r u c t u r a l   F u n c t i o n a l  

H e t e r o t r o p h s  M i  c r o t o x  

P l a n t s  

Zooplankton 

Benthos 

F i shes  

Community i n d i c a t o r s  
and i n d i c e s  

Humans B a c t e r i a l  
contaminant  
i n d i c a t o r s  

a l g a l  (AFB Pa leo l   imno l  . 
o r  GPP) ( a l g a e )  
Bioassay 

Cer iodaphnia 
Bioassay 

T o x i   c i t y  
D e f o r m i t i e s  
Body  burden 

Body  burden 
Ames/V 79 

Commun i t y  P a l e o l i m n o l /  
i n d i c a t o r s  d e f o r m i t i e s .  
& i n d i c e s  Bioassay 

( C .  t e n t a n s )  

D e f o r m i t i e s  
Body burden 

Body  burden 

GPP = g ross  p r i m a r y   p r o d u c t i v i t y  
AFB a l g a l  f r a c t i o n a t i o n   b i o a s s a y  
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TABLE 5 

METHODS FOR ASSESSING THE EFFECTS OF V A R I O U S  TYPES OF POLLUTION ON BIOTA I N  AREAS OF CONCERN 

Method HETEROTROPHS  PLANTS  ZOOPLANKTON  BENTHOS FISH HUMANS 
H i c r o t o x   P a l e o   P e r i -  GPP AFB H-N I n d i c e s   P a l e o   B i o a s s a y   T o x i c   D e f o r m i t i e s   B o d y   B o d y  Ames 

Prob lem  phy ton   B ioassay   B ioassay   E f fec ts   Bu rden   Bu rden  V 79 

P e r s i s t e n t  
O r g a n i c s  X X X X X X X X X X X X X 

M e t a l s  X X X X X X X X X X X X X 

N u t r i e n t s  
I 

ry” H e a l t h  

I 

Unknown X 

X X X X X X X 

X X X X x X X X X X X 

X X 

X X 



2 
b 
d 

define  the  geographic  extent of the Area of Concern; and 3)  assess 
oavailability of in-place  pollutants. In addition,  it may be desirable  to 
fferentiate  as  much  as  possible between the  bioavailability o f  active 

sources and the  bioavailability of in-place pollutants.  Assessment of 
bioaccumulation and toxicological  effects  also will be required  as  part of the 
monitoring  program. The methods  for each of these  applications  are listed in 
Table 6 and the  rationale  for  the  choice of methods is discussed  here. 
Further  discussion  can be found in the  sources,  water and sediment  sections. 
The  location of these  discussions is  noted  in  Table 6. 

Confirm  Toxic  Substances  Problems 

Current  Conditions 

Confirmation o f  toxic  substances  problems i s  recommended  because  the 
available  data may not be recent, i.e. they  may be a  decade or more  old,  or 
detailed  enough to  adequately  define  the  prsblem.  Therefore, it is 
recommended  that  confirmation of existing  toxic  substances  problems be 
assessed  using  body burden analyses of adult,  resident,  demersal  fishes and  by 
conducting  the  Ceriodaphnia  test  (See  Section 2 ) .  

Historical  Perspectives 

Although  not  specifically  recommended,  it is desirable  to  assess  existing 
problems in an  Area of Concern  with  respect  to  historical  conditions. 
Biological  surveys  are  recommended  where  historical  data  bases  are  available 
for comparison  with  current  conditions. In the  absence of historical  records 
from past  studies,  historical  changes  can be traced by paleolimnological 
investigations of biotic  remains in sediment  cores. 

Biological  Surveys.  Early  biological  surveys in the  Great  Lakes,  such  as  the 
late 1920s and early  1930s  studies  of  Lake  Erie  (Wright  1955,  Fish 1960), have 
provided  invaluable  benchmarks of biological  status  from  which  future 
comparisons can be made. Comparisons of biological  conditions in the  1960s 
and 1970s  with  the  1920s and 1930s  studies  provided  much of the docunlentation 
of the  ecological  decline in Lake Erie that  elicited  pollution  controls and 
which  subsequently  resulted in water quality improvements.  Therefore, i t  
would be  desirable to have  available  up-to-date,  comprehensive biological 
surveys of plants  and  animals in Areas of Concern,  from  the  smallest  microbes 
to fish  and  wildlife. 

Realistically,  it  is  not  feasible to conduct  comprehensive  biological 
surveys on  each  Area o f  Concern.  Competition  for  limited  financial and 
personnel  resources  make  such  surveys on a broad  scale  prohibitive.  Moreover, 
it is  often  difficult  to  establish  one-to-one casual  relationships  between 
chemical  contaminants and biological  community  structure.  Functional  tests 
and  experiments  on  the  effects of specific  chemicals  or  chemical  mixtures on 
representative  biota  are  required.  Nonetheless,  biological  surveys  are 
recommended in Areas of Concern to help  identify  impacted  areas and determine 
changes in the  biological  community based on comparisons of current  data  with 
historical  published  or  unpublished  data.  Documentation of the  current 
biological  condition of an  Area of Concern  is  necessary so that  when  any 
remedial  measures are implemented,  one can assess  their  effectiveness. 
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TABLE. 6 

RECOMf4ENDED METHODS FOR SPECIFIC APPLICAl I O N S  AND LLOCATION 
OF FURTHER  DISCUSSION IN THIS DOCUMENT 

Conrirmation o f  Toxic  Substances  Problems Page Page 

Current  Conditions 23 Assess  Toxicological  Impacts 
Body Burden in Demersal  Fish 7,23 Acute  Sublethal  Tests 31 
Ceriodaphnia  Bioassay 11,23 Microtox 31 ,145 

Gross  Primary  Production 32 
Historical  Perspectives 23 Algal  Fractionation  Bioassay 32,146 

Biological  Survey 23 Ceriodaphnia  Bioassay 11,33 
Paleolimnological  Investigations 25 Chironomus  tentans  Bioassay 148 

Define  Geographic  Extent 25 
Biological  Community  Structure 26 

Assess  Bioavailability o f  In-Place Pollutants 25 
I 

P Benthos  Body  Burden 10,25 
I Chironomus tentans Bioassay 37,148 

Body  Burden  in  Demersal  Fishes 7 

Acute  Lethality  Tests 33 
Ceriodaphnia  Bioassays 11,33 
Fish  Bioassays 33,115 

Chronic  Sublethal  Tests 34 

Indicators o f  Stress 34 
Fish  Tumours 10,34 

Assess  Bioavailability o r  Active  Sources Morphological  Deformities 35 
Ceriodaphnia  Bioassay 11,72 
Body  Burden in Y-0-Y* Spottail  Shiner 37 Mutagenicity  Tests 35 

Assess Bioaccumulation  Metabolic  Cooperation 36 

Bioconcentration/Bioaccumulation 36 
Benthos 37 
Spottail  Shiner 37 

Ame s 36,147 

Body  Burden  in  Various  Biotic  Groups 22,36 

~ ~~~ ~ 

* young-of--the-year 



The  choice of which biological  components to sample  should  be based 
largely on the kinds of information  available in the historical  data base. 
Although  the  data  base is likely to be largest for  those biotic  groups  most 
often  studied, e.g. larger  phytoplankters,  crustacean  zooplankters, 
macrobenthos  and  fish,  other  lesser  known biotic  groups  may  yield  valuable 
information.  Gannon  and  Robertson (1980) noted how  little  information is 
available  on  many biotic groups in the  Great  Lakes, and Davis (1969) aptly 
stated  that  we 'I . . .  need to broaden  and  deepen our  Great Lakes  investigations 
so that  future  generations of  investigators will not  curse us for leaving them 
s o  little  information." 

Paleolimnological  Investigations. In the  absence of real or  direct historical 
data, indirect  methods  can  offer useful  alternatives for determining  the 
extent and  rate of past  changes of biotic  communities in Areas  of  Concern. 
Although  various  groups of biota can be examined from  a paleolimnological 
perspective,  algal  communities,  especially  diatom  frustules and mallomonad 
scales,  preserve well in sediments, and species  can be identified  from their 
siliceous  remains.  Major  changes in the  environments in  which  these  species 
grow will cause  changes in species  dominance  which will be  reflected  in the 
sediment record.  Sampling  stations will have to be selected  carefully  because 
the hydrodynamically  complex  nature of river  mouths  and  harbors and the 
disruption of development  and  dredging  operations  severely  limit  places  where 
the historical record in sediment  cores has remained  undisturbed. 

Defining  Geographic  Extent 

Biota  studies  can  assist in  defining  the  extent of the Area of Concern. 
Obviously, it is not  possible to  strictly  define  the  extent of the Area of 
Concern in the  water  column  because  water  movements  disperse and dilute 
waterborne  contaminants  over  a  wide  area. Biological  community  structure o f  
phytoplankton  and  zooplankton  can  be useful but data are  often  difficult  to 
interpret  with  respect to  the effects of eutrophication  and/or  toxic 
contaminants.  Moreover,  short-term temporal and spatial  variability may mask 
attempts to  map  the specific  geographic  area o f  notable  impact. The 
geographic  extent of the Area of Concern,  therefore, should  focus on benthos 
and sediment  contamination  (see  Sediments  Section 6 . 0 ) .  Benthos  are  sedentary 
and  act  as  integrators of environmental  conditions  at  specific  locations in 
the Area of Concern. 

Assessment  of  Bioavailability  and  Bioaccumulation  of  Sediment  Contaminants 

Because  bioaccumulation of contaminants  and  contaminated  sediments  are 
identified  problems in most  Areas of Concern, e.g. 34 of the 42 Areas o f  
Concern  have  elevated  levels of toxic  substances in fishes  and 39 have 
sediments  contaminated  with  toxic  substances, it is necessary to assess 
bioavailability of toxic  substances  in  sediments.  For  example,  one  needs to 
determine  whether  or  not  sediments  are  a  source of toxic  substances to biota. 

Body  burden analyses,  especially of benthos,  are recommended to assess 
bioavailability of in-place  pollutants  in  sediments.  The  methods  for 
assessing  bioavailability  of  toxic  substances  in  sediments  are still in the 
research  and  development  phase;  however,  there  is  an  immediate need to assess 
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bioavailability of sediment  contaminants, As a result, the recommendations 
presented  here  represent a consensus  on  the best  methods  currently  available. 

Assessment of Toxicological  Effects 

As  discussed  previously, it is  often  difficult  to  differentiate between 
toxicological  effects o f  contaminants  from  eutrophication and other  effects  on 
biological  community structure in Areas of Concern. In most  instances, field 
studies  must involve an experimental  design t o  truly  elucidate  toxicological 
effects.  Various  bioassays on  phytoplankton,  zooplankton and benthos are 
recommended,  including  acute and  chronic  tests  (Tables 4 and 6 ) .  Moreover, 
detection o f  morphological  deformities in benthos and fish  can be useful in 
indicating  physiological or possibly  even genetic  responses to contaminant 
exposure. 

3 . 3  BIOLOGICAL  COMMUNITY  STRUCTURE 

An important  component o f  a  biological assessment of environmental  status 
in Areas o f  Concern is the examination  of  community  structure  integrity. 
Aquatic  ecosystem  structure  may be  defined  as the composition of the 
biological  community  including species,  numbers,  biomass, life  history and 
distribution in space and the  concomitant  quantity and distribution o f  the 
abiotic  materials  such  as  nutrients,  water,  etc.  Examination of structural 
integrity  would  examine all components of the  aquatic  ecosystem;  however, such 
detail  is  neither practical nor necessary  for  impact  assessment. Aquatic 
ecosystems  may be  separated  conveniently  into  different  communities 
representing  different  trophic  levels, each of which  may be utilized in 
ecosystem  assessment.  The  characteristics of the various  communities and 
their  appropriateness  for  monitoring in Areas  of  Concern are summarized in 
Table 7 and  discussed  below. 

The criteria  considered for assessing  the  suitability of  a  group are: 

Distribution:  Providing that  the group is present in the  types of habitat 
encountered. 

Ease o f  Quantitative  Sampling:  Realistic  assessment  requires  the  application 
of  statistical  techniques to data collected from  monitoring;  however, 
collection and analysis of such  samples should  not be too costly. 

Temporal  heterogeneity: This  refers  to  the  rate  at  which  the  community 
changes  in  time. Rapid changes in  community  structure  necessitate  more 
frequent  sampling;  therefore,  communities comprised of organisms  with 
longer  life  histories are preferred. 

Spatial  heterogeneity:  This  refers to the  variability of communities  in 
space.  The  smaller  the  scale on which such  variability  occurs,  the 
greater  the  number of samples required to establish  spatial  patterns. 

Mobility:  The  mobility of organisms  affects  their  suitability  for 
monitoring.  Highly  mobile  organisms  make  interpretation  difficult because 
occurrence  or  non-occurrence  cannot  easily be  associated  with  changes in 
habitat  status.  This  affects  the  numbers of  samples  required to determine 
the relationship  between  the  organism and the  habitat. 
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TABLE 7: CHARACTERISTICS OF VARIOUS BIOLOGICAL GROUPS  FOR  USE I N  MONITORING PROGRAMS 

BACTERIA PHYTOPLANKTON  ZOOPLANKTON PERIPHYTON MACROPHYTES  BENTHOS F I S H  

PRESENCE I N  
AREAS OF CONCERN 
HABITATS 

+ + + + + + - 

EASE OF QUANTITATIVE 
SAMPLING - t 

TEMPORAL 
HETEROGENEITY - - - + + + + 

SPATIAL 
HETEROGENEITY 

M O B I L I T Y   ( S i t e  
R e p r e s e n t a t i v e n e s s )  0 0 0 + + + - 

SAMPLE PRESERVATION 0 + t t + + + 

TAXONOMY - - e - + + t 

KNOWN RESPONSES 
TO POLLUTANTS - t t + - + + 

+ = s u i t a b l e  
- = n o t   s u i t a b l e  
o = m a r g i n a l  



Taxonomy:  Ease o f   c o r r e c t l y   i d e n t i f y i n g   s p e c i e s   i s   i m p o r t a n t ,   s i n c e  many 
assessments  are  based  upon  changes i n  spec ies   compos i t ion .  Some groups 
r e q u i r e   s p e c i a l i z e d   e x p e r t i s e   f o r   i d e n t i f i c a t i o n .   I n  some cases, 
i d e n t i f i c a t i o n  may n o t  b e   p o s s i b l e .   S i m p l i c i t y   o f   t a x o n o m y   o r  
a v a i l a b i l i t y   o f   g u i d a n c e  will h a v e   i m p o r t a n t   e f f e c t s  on t h e   c o s t  and 
t u r n a r o u n d   t i m e   o f   d a t a .  

Response t o   P o l l u t a n t s :  These will a f f e c t   t h e   i n t e r p r e t a b i l i t y   o f   d a t a  and 
u l t i m a t e l y   t h e i r   v a l u e .  

B A C T € R I A  

W h i l e   b a c t e r i a   a r e   u b i q u i t o u s   i n   a q u a t i c   h a b i t a t s ,   t h e y   h a v e   c o n s i d e r a b l e  
l i m i t a t i o n s   f o r   a s s e s s i n g   g e n e r a l   w a t e r   q u a l i t y   c o n d i t i o n s .   Q u a n t i t a t i v e  
sampl ing  i s   d i f f i c u l t ,   t h e  taxonomy i s   n o t  w e l l  e s t a b l i s h e d  and tempora l  
v a r i a t i o n   i s   l a r g e .   B a c t e r i a   a r e   u s e f u l ,   h o w e v e r ,   t o   e v a l u a t e  sewage 
c o n t a m i n a t i o n .   G u i d e l i n e s   e x i s t   f o r   m e a s u r e m e n t   o f   f e c a l   c o l i f o r m   b a c t e r i a  
l e v e l s   i n   w a t e r   u s e d   f o r   b o t h   p r i m a r y   a n d   s e c o n d a r y   c o n t a c t   r e c r e a t i o n .  I f  
sewage c o n t a m i n a t i o n   i s   a n   i s s u e ,   f e c a l   c o l i f o r m   a n a l y s e s   a r e  a u s e f u l  
m o n i t o r i n g   d e v i c e  when performed  on a f r e q u e n t   b a s i s   ( a t   l e a s t   w e e k l y ) .  

PHYTOPLANKTON 

P h y t o p l a n k t o n   a r e   r e l a t i v e l y   e a s y   t o   s a m p l e   a n d   e s t i m a t e   q u a n t i t a t i v e l y ,  
and t h e   t o x i c i t y   o f  many m a t e r i a l s   t o   p h y t o p l a n k t o n   s p e c i e s   h a s   b e e n  
documented.  However, t o   a v o i d   e r r o r s   a s s o c i a t e d   w i t h   b o t h   s p a t i a l  and 
t e m p o r a l   h e t e r o g e n e i t y ,   c o n s i d e r a b l e   s a m p l e   r e p l i c a t i o n  i s  r e q u i r e d .  
P h y t o p l a n k t o n   i d e n t i f i c a t i o n   r e q u i r e s   c o n s i d e r a b l e   e x p e r t i s e .  

PERIPHYTON 

The a t t a c h e d   a l g a e   o r   p e r i p h y t o n   h a v e   e s s e n t i a l l y   t h e  same advantages  and 
d i sadvan tages   as   t he   phy top lank ton   excep t   t ha t   samp l ing   me thods   a re   l ess  
s tandard i zed ,  and w i t h   t h e   e x c e p t i o n   o f   d i a t o m s ,   t h e   b a c k g r o u n d   l i t e r a t u r e   i s  
sparse.  The p e r i p h y t o n  may be p a r t i c u l a r l y   u s e f u l  when e m p l o y i n g   a r t i f i c i a l  
s u b s t r a t e s .  

MACROPHYTES 

M a c r o p h y t e s   a r e   n o t   g e n e r a l l y   s u i t a b l e   f o r   m o n i t o r i n g   p r o g r a m s .  They 
should  be  used  on ly  when they ,   themse lves   a re   an   i ssue.  They may be   use fu l  
f o r   m e a s u r i n g   b i o a c c u m u l a t i o n   o f   t o x i c   m a t e r i a l s .   I n   g e n e r a l ,   t h e i r  
d i s t r i b u t i o n   i s   t o o   l o c a l ,  and q u a n t i t a t i v e   s a m p l i n g   t o o   d i f f i c u l t   f o r  
e f f e c t i v e   u s e   i n  a mon i to r i ng   p rog ram.  

ZOOPLANKTON 

Many o f   t h e  same p r o b l e m s   a p p l y   t o   t h e   u s e   o f   t h e   z o o p l a n k t o n   a s   o u t l i n e d  
f o r   t h e   p h y t o p l a n k t o n ,   p a r t i c u l a r l y   t h e   l a r g e   s p a t i a l  and  temporal  
h e t e r o g e n e i t y  a n d   c o n s e q u e n t   l a b o r   c o s t s .   F u r t h e r   q u a n t i t a t i v e   s a m p l i n g  
t e c h n i q u e s   a r e   s t i l l   t h e   f o c u s   o f   c o n s i d e r a b l e   d i s c u s s i o n .  
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BENTHIC  INVERTEBRATES 

Benthic  invertebrates are present in most  aquatic  habitats.  They are 
relatively easy t o  sample quantitatively. They have known community responses 
to  water quality  changes and their  taxonomy is well  established. Furthermore, 
populations  are  relatively  stable in time,  thereby  requiring less  frequent 
sampling.  They  are  comparatively  non-mobile and representative of the  area 
being sampled, and sampling  equipment is inexpensive.  However,  taxonomy  (to 
the  species  level)  can be difficult, and spatial  heterogeneity  might be high, 
requiring  a  great  deal of sample  replication.  The  sample  processing  time  can 
also be considerable,  precluding  a rapid  enumeration and assessment.  These 
factors  result in relatively  high  costs. 

F I S H  

While in the  political and  social. context fish may be the  most  obvious 
group to use in a  monitoring  program,  they  have  several  extreme  disadvantages 
as a  monitoring  tool.  Individuals  are  highly  mobile and many  species  are 
migratory,  making  cause/effect  relationships and spatial  representativeness 
difficult  to  establish.  Quantification is also  difficult and costly. 

RECOMMENDAI ION 

O f  the  various  biotic  groups,  benthic  invertebrates  are  recommended  for 
monitoring  change in community  structure.  This  is based upon their  ease o f  
quantitative  sampling,  their  temporal and spatial  representativeness and their 
documented  response to pollutants. 

This  material  is  oriented  toward  the  IJC  Areas of Concern and particularly 
small  harbours and embayments, and areas  that  have  already  been  impacted and 
have  impaired  uses.  Therefore,  two  questions  are  invoked: 

I s  the  "where" and "when" of the  impact  known 
if so, then 

the  impact  must be inferred from spatial  pattern  alone 
if not,  then 

the  "when" and "where" of the  impact  must be  established  (Green 1979). 

According to Green (1979) ,  this  latter  situation  is  an  extreme  case and by 
definition  an  impact has  already  occurred,  resulting in identification of an 
Area of Concern.  This  may  not  necessarily be true in the benthic  community. 
In many  cases,  therefore,  the  "when" and particularly  the  "where"  must be 
established. 

3 . 4  FUNCTIONAL  BIOLOGICAL  MONITORING 

3 . 4 . 1  Introduction 

Biological  monitoring is the  use of biological  responses to  examine 
changes in the  environment,  that  ultimately  allow  establishment of causal, 
quantifiable  relationships.  Biological  monitoring is often used in the 
investigation of  anthropogenically  induced  stresses on local  populations, 
communities  or  their  surrogates. 
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While a  holistic approach is of paramount  importance  for both an 
understanding and ultimately  the protection of ecosystems,  our often 
insufficient  understanding  of  interactions and interrelationships, combined 
,with other factors, e.g. financial, limits us to a  less than ideal approach t o  
problem  assessment. An examination o f  the changes in functioning o f  the 
individual biotic ecosystem  components  offers both a  pragmatic  solution to 
this  dilemma and an  acceptable  starting  point upon which subsequent 
refinements  can be built, bringing us closer  to  our  ideal. 

Most of the  early  work in bioassessment had a taxonomic, structural 
emphasis.  Community  structure and indicator  species  analyses have provided us 
with  detailed  records o f  biological responses  to a  variety of anthropogenic 
and naturally induced changes.  While  this information is acquired 
comparatively  inexpensively, and relatively  easily  generated, it usually lacks 
the  degree of specificity required to  affect a  regulatory change. 

Functional tests or bioassays  offer  an  approach  which can be specific and 
quantifiable. Individual tests or assays  are usually insufficient  either  to 
define  the  problem  completely  or  to  affect a remedial action.  Therefore, a 
series o f  tests  which  are  combined  as a sequence, battery or in a  tiered 
approach  are  necessary  to  adequately  document biological  effects and establish 
causal  relationships. 

Functional  biological monitoring has been broadly  defined as  the 
measurement of any  rate  process (response) of the ecosystem. These measures 
can be separated  further  into  taxonomic and non-taxonomic  parameters (Mathews 
- et gl. 1982).  Taxonomic  functional  tests, which are used less frequently than 
non-taxonomic examinations,  include measures of species colonization  or 
emigration  rates and rates of re-establishment related to  equilibrium 
densities  following a disturbance  (Cairns, et. G. 1 9 7 9 ) .  Non-taxonomic 
tests,  whether in the field (in situ) or in the  laboratory, include short-term 
(acute) and longer  term (chronic) measures of behaviour, biochemical changes, 
genetic  alteration,  reproductive  failure, bioaccumulation and death. 

Field bioassays  offer  the  investigator a first  approximation of the 
combined  effects of the natural environment and allow  some  measure of 
experimental control to be maintained.  Often  it is impossible  or impractical 
to  conduct  certain  tests in the field  because of the need to provide strict 
control over experimental conditions in order  to  save  time (by  testing  a 
number of factors  at once) or  to ensure  reproducible results. The 
investigator is therefore forced to  sacrifice environmental "realism" and 
conduct the bioassays in the  controlled but artificial environment of the 
laboratory. 

This  section  describes  functional bioassays for use in the field or  the 
laboratory  for  the  examination of effluents,  ambient  water and sediments. 
While  these  are  not  the  only  bioassays  available  for  such  purposes,  they 
represent recommended tests based on several  criteria: simplicity, 
practicality,  interpretability and reproducibility. Single-species  bioassays 
are  gradually being replaced or  at least augmented by necotoxicological" and 
"ecoepidemiological"  approaches  which  are believed to  provide a  better 
understanding of natural ecosystem  effects.  The  current  state of our 
knowledge in these areas and the need to provide practical approaches  to the 
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problem  prec luded  recommending  these  techniques.   Instead,   the  techniques 
recommended a re   genera l l y   w ide l y   used   t h roughou t   t he   Grea t   Lakes   bas in  and 
o f t e n   h a v e   e x t e n s i v e   l i t e r a t u r e   d e s c r i b i n g   p r o t o c o l s   a n d   r e s u l t s   f r o m  numerous 
a p p l i c a t i o n s .   B i o l o g i c a l   m o n i t o r i n g   m e t h o d s   a r e   h i g h l y   d y n a m i c  and c o n s t a n t l y  
evo lv ing ,   and  will t h e r e f o r e   r e q u i r e   r e - e x a m i n a t i o n  and u p d a t i n g   i n   s u c c e e d i n g  
years  . 
3.4.2  Acute  Subletha l   Tests  

A c u t e   t o x i c i t y   t e s t s   e x a m i n e   b i o l o g i c a l   e f f e c t s   o r   m a n i f e s t a t i o n s ,   w h i c h  
can  be  observed  over a s h o r t   p e r i o d   o f   t i m e ,   u s u a l l y   l e s s   t h a n  one  week, b u t  
no t   more   t han  one g e n e r a t i o n .  A f u r t h e r   c r i t e r i o n  i s  t h a t   t h e   t e s t s  be 
c o n d u c t e d   a t   a m b i e n t   c o n c e n t r a t i o n s .   T h i s   l a t t e r   s t i p u l a t i o n   i s   t o   a l l o w   f o r  
rea l   space - t ime   and   exposure   equ iva lence .   Acu te   t es ts   i nc lude :  
o b s e r v a t i o n s   o f   b e h a v i o r ,   e . g .   g i l l   f l u t t e r i n g   o r   r e s p i r a t o r y   d i s t r e s s  and 
a v o i d a n c e   o f   e f f l u e n t s   b y   f i s h   i n  a c o n t r o l   t a n k ;  physiological/biochemical 
changes,   e .g.   mixed  funct ion  ox idase  response  by  f ish,   changes i n  adenosine, 
mono, d i -  a n d   t r i - p h o s p h a t e   r a t i o s ,   a d e n y l a t e   e n e r g y   c h a n g e   ( I v a n o v i c i  1 9 7 9 ) ,  
r e d u c t i o n   i n   l u m i n e s c e n c e   b y   b a c t e r i a   ( M i c r o t o x ' " ) ,   a l g a l   g r o s s   p r i m a r y  
p r o d u c t i o n ,   s c o p e   f o r   g r o w t h ,   a n d   C e r i o d a p h n i a   r e p r o d u c t i o n  (Widdows 1985) .  A 
new technique  which  examines  caged  phytoplankton  communi t ies may p r o v i d e  
v a l u a b l e   i n f o r m a t i o n  (K. N i c h o l l s ,   O n t a r i o   M i n i s t r y   o f   t h e   E n v i r o n m e n t ,  
pe rsona l   commun ica t i on ) .   P rocedures   f o r   t hose   t es ts   wh ich   have   been   w ide ly  
t e s t e d   a n d   a p p e a r   t o   b e   r e a d i l y   r e p r o d u c i b l e   a r e   i n c l u d e d .   A c u t e   l e t h a l i t y  
( d e a t h ) ,   u s u a l l y   t o   f i n g e r l i n g   f i s h   o r   p l a n k t o n i c   i n v e r t e b r a t e s ,  i s  d iscussed 
i n   t h e   n e x t   s e c t i o n   ( 3 . 4 . 3 ) .  

Tests   measur ing a subletha l   response  should  on ly   be  conducted  once  the 
i n v e s t i g a t o r   i s   a s s u r e d   t h a t   d e a t h   o f   t h e   t e s t   o r g a n i s m  will n o t   o c c u r   a t   t h e  
exposure   concen t ra t i on .  I f ,  f o r   i n s t a n c e ,  one i s  i n t e r e s t e d   i n   m e a s u r i n g   t h e  
g r o s s   p r i m a r y   p r o d u c t i o n   o f   a l g a e   e x p o s e d   t o   a m b i e n t   w a t e r   n e a r   a n   e f f u e n t ,  
o n e   s h o u l d   e n s u r e   t h a t   t h e   w a t e r   i s   n o n - t o x i c   a t   t h e   a m b i e n t   c o n c e n t r a t i o n .  
T h i s   i s   m o s t   e a s i l y   a c c o m p l i s h e d   b y   f i r s t   r u n n i n g  a Cer iodaphnia  acute 
l e t h a l i t y   t e s t .  I f  it i s   t o x i c ,   t h e n   e i t h e r   a n o t h e r   s i t e   s h o u l d  be  chosen f o r  
t h e   a l g a l   b i o a s s a y   o r   t h e   w a t e r   s h o u l d   b e   s u i t a b l y   d i l u t e d  t o  s u b l e t h a l   l e v e l s .  

Bac ter ia l   Luminescence  B ioassay  

Microtox'" i s  a bac ter ia l   luminescence  b ioassay   deve loped  by  Beckman I n c .  
as a r a p i d   s c r e e n i n g   a l t e r n a t i v e  t o  s t a n d a r d   a c u t e   t o x i c i t y   t e s t i n g   w i t h   f i s h  
a n d   i n v e r t e b r a t e s .   T h i s   t e s t   i s   b a s e d  on the   b io lum inescence  o f  t h e   b a c t e r i u m  
(Photobacter ium  phosphoreum) (NRRL B-11177). The r a t i o n a l e   f o r   t h e  
d e v e l o p m e n t   o f   t h i s   a s s a y   i s   t h a t   e v o l u t i o n a r y   c o n s e r v a t i v e   b i o c h e m i c a l  
pathways  are common t o  many organ isms.   There fore ,   bac ter ia   can  be  used  as 
s u r r o g a t e   t e s t   o r g a n i s m s   f o r  many t o x i c a n t s .  

The M i c r o t o x ' "   t e s t   i s   e a s y   a n d   r e q u i r e s   o n l y   a b o u t  30 m i n u t e s   t o  
comp le te .   Th i s   assay   has   been   ex tens i ve l y   s tud ied   and  compared t o   a c u t e  
b i o a s s a y s   w i t h   b o t h   f i s h   a n d   d a p h n i d s   f o r  a l a r g e  number o f  compounds. 

I n   a d d i t i o n   t o   t h e   u s e   o f   M i c r o t o x ' "  as  an ana log   b ioassay ,  i t  i s  
i m p o r t a n t  as an independent   assay.  As an  independent assay ,  Microtox'"   can 
be  used t o  a s s e s s   t h e   e f f e c t s  o f  m i x t u r e s   o f   t o x i c a n t s  on a p r o k a r y o t i c  
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organism  for  the  assessment of  present and potential  environmental  effects on 
the  microbiological  flora of the  decomposer  population. 

The  test  can be performed  on  ambient  water, pore water and sediment 
elutriate.  Microtox"  is  recommended  as  a  priority  method. 

Gross  Primary  Productivity  (GPP) 

Phytoplankton  photosynthesis  is  important  to  monitor  because: 1) 
phytoplankton  biomagnify  organic  contaminants  about lo3 times  ambient 
levels, and the  functional  responses of phytoplankton  are  immediate and 
readily  measured  using  traditional  14C  techniques  for  the  estimation of 
gross primary  productivity (GPP); 2 )  the  functional  response of the natural 
community  can be determined  both  in  the Area of Concern and in control areas; 
and 3 )  the  tests  can be conducted  in  the field  with  natural  phytoplankton 
assemblages,  avoiding  problems  with  the  storage and aging  of  water  samples. 

McNaught (1980) described  a  net-nannoplankton  bioassay  for  detection of 
the  effects of PCBs.  Control  water  was injected  with  PCBs  of  varying 
concentrations  or  with  water  from  the Area of Concern  in  varying  amounts, (10, 
25, and 50% mixed effluent by volume) and then  with  14C-bicarbonate.  After 

m-2t-1). Experimental  results  were  then  expressed  as  percent of 
control,  as  evidence  for  inhibition  or  stimulation of baseline  photosynthesis 
by waters  from  Areas of Concern. 

" in situ  incubation,  scintillation  counting  enabled  calculation of GPP  (mg C 

This  bioassay  was  developed  from  a  similar  concept  first  employed in 
marine  waters by Charles  Wurster's  laboratory  (as  referenced in Powers  et al. 
1977), and further  modified  for  freshwaters by Glooschenko  et  al. (1975). The 
modification by McNaught  et  al. (1980) allowed  analysis of the  impact of 
purified  contaminants or mixed  effluents  on  GPP.  This  test  can  also be  used 
on sediment  elutriates  with  either natural  assemblages  or  monospecific 
cultures.  Recently,  it  has  been  named  the  algal  fractionation  bioassay (AFB) 
by Munawar and associates and has  been  applied  most  extensively to the 
assessment of sediment  contaminants  (see below). 

Algal Fractionation Bioassay (AFB) 

The  nannoplankton of the  Great  Lakes,  particularly  the  ultraplankton and 
picoplankton,  are  sensitive  to  heavy  metals  (Munawar and  Munawar 1982). These 
organisms  are  important  since  they  constitute  a  main  source of food for  the 
zooplankton (Ross and Munawar 1981). 

A procedure  for  differential  fractionation  for  carbon-14  uptake  studies 
(Munawar  et al. 1978) has  been  applied in toxicological  research  to  study  the 
impact of heavy  metais,  individually and combined, on various  size  assemblages 
of phytoplankton  (Munawar and Munawar, 1982). The  procedure  has been 
successful in demonstrating  the  differential  response o f  various  size 
fractions and in  identifying  the  component  under  stress.  The  same  procedure 
was  then  called  "Algal  Fractionation 8ioassays'' (AFBs) and adapted  for 
assessment of sediment-elutriate  toxicity  to  natural  phytoplankton. 
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lhe  AFB is a  short-term  screening  test  to  evaluate  the  net  result of 
contaminant and nutrient  loading.  The  procedure is rapid,  sensitive and 
relatively  inexpensive for screening  potentially  toxic  substances and 
constitutes an  early  warning  test  system.  Also, algal  bioassessment of 
Chelex-100'" treated  standard  elutriate  provides  data  which  can  determine  the 
toxicity of the  dissolved  metals. High  elutriate  concentrations  added to  the 
test population  can  cause  increased  turbidity,  which  can be a problem  during 
incubation.  Turbidity  can  be  overcome by using  lower  elutriate  concentrations 
or carefully  monitoring  the bioassay. 

Ceriodaphnia  Bioassay 

Rationale for the  use of this  test  appears  earlier in Section 2.0 of this 
document. In addition,  this  test  can  examine  either  acute  effects (lethality) 
or chronic  effects  (reproductive failure), using the full  life cycle test. 
These  tests  can be performed  on  ambient  water,  effluents,  pore  water or 
sediment  elutriate. 

3 . 4 . 3  Acute  Lethality 

A s  indicated earlier,  Ceriodaphnia  or  other planktonic  invertebrates  such 
as  Daphnia  maqna  can be used to  test  for  acute lethality. The  predominant 
organisms used  in this  test  are  fish,  either fathead minnow  (Pimephales 
promelas) or rainbow  trout  (Salmo gairdneri). Fathead  minnows are used 
extensively  in  the United States  because  they  can  also be used for sublethal 
bioassays  examining  reproduction. 

The  tendency  to use  standard  species  seems to be reasonable  in  that 
results are fairly  representative  of  the  reactions  for  a broad spectrum  of 
fish.  Differences  between  species with respect to their  susceptibility to a 
toxicant  are  generally less than  might be  expected.  Indeed,  the variability 
o f  results within a  single  species tested in different  types of water  can  be 
greater  than  the  variability between different  species.  Some  contaminants are 
especially  toxic to certain  invertebrates or plants.  Fish  bioassays, 
therefore, should  not  be the  sole  means of  assessing  acute lethality. 

An acute  assay  can be  conducted  in  situ  using  caged  fish  (Flood et al. 
1986) or under  controlled  laboratory  conditions.  Laboratory  testing can 
either be static or flow-through.  The flow-through test is often  preferred 
because  there is no need to  disturb  the  fish by changing  the  water, and the 
concentration o f  the  test material  remains  relatively constant unless it 
evaporates or is adsorbed  onto  the  container. In the  latter  case,  the 
concentration will be  lower  than  desired;  however, special  precautions  can  be 
taken  to overcome  these  problems. 

Young fish,  preferably less than  eight  centimetres or  five grams  should  be 
used. This  provides  standardization  and  effectively  reduces  the  size  of the 
holding  tanks  required. In addition,  the actual dose of the  test material 
required to  ascertain  lethality will be  less; transport,  acclimation and 
holding will be simplified, and the  cost of test  organisms will be reduced 
compared with using adults. 

- 33 - 



The  acute  fish  lethality  test is strongly recommended for  effluent and 
ambient  water  examinations.  A  complete  description of the protocol can be 
found in Sprague (1973). 

3 . 4 . 4  Chronic  Sublethal  Tests 

Long-term or  chronic  exposure  to toxic contaminants can result in problems 
which are tested in a  variety of ways:  genetic damage, including mutagenesis 
and carcinogenesis;  teratogenesis  or birth defects  as well as developmental 
abnormalities, e.g. assymetry in fish; and reproductive  failure which may be 
genetic in origin  or  simply  due  to prolonged high stress  levels. 

Information  acquired  through field observation  for  fish  tumors and other 
deformities is a  necessary  part of a biological  monitoring program, but 
presents  inconclusive  data  on its own. The  cause  or  causes of such 
deformities cannot be  specifically  ascertained.  Investigations will be 
required to link the  deformities  to  known  chemicals present (by inference from 
known  laboratory bioassays)  and to  conduct  further laboratory tests on the 
complex  mixtures present. 

Numerous  short-term  bioassays  currently  available  examine  the potential 
mutagenicity,  carcinogenicity and teratogenicity of chemicals.  These 
bioassays  were  developed and  validated using individual contaminants and are 
principally used to evaluate the hazards of several chemicals,  generally  one 
at a time.  The  tests,  while of short  duration,  are designed to mimic 
long-term  or  chronic exposure. Organisms  or  cells  are exposed to 
concentrations of chemicals  or  complex  mixtures several times  greater  than 
those  found in the natural environment. In this  way, potential  effects can be 
examined  within  one  or a few  generations. 

The  causes of reproductive  failure,  often inferred by the  absence of one 
or  more  age  classes of fish  or  entire  species (comparing one  survey  to  the 
next), cannot be linked to toxic  effects  with  a high degree of certainty. A 
partial life  cycle or a  multi-generation bioassay  conducted in the laboratory 
is used to establish  cause and effect relationships. Therefore,  these  tests 
must  be  conducted  on  rapidly maturing/reproducing organisms. 

While  there may be strong  resistance  from  agencies to undertake 
complicated and often  expensive bioassay  programs (particularly in assessing 
genotoxicity), these  bioassays  form critical  links for examining the impacts 
from  effluents,  ambient  water and sediments. 

Morphological  and  Histological Indicators of Stress 

Fish  can  function  as  contamination  indicators in Areas of Concern. 
Moreover,  they  deserve special consideration because of their  important 
position in the  aquatic food chain, including direct use by humans. Many 
organic  contaminants  bioaccumulate  in  fish  tissue.  Consequently,  analyses o f  
contaminant body burdens in resident  species is an  important  component of 
biotic assessment in Areas of Concern.  The  target  species recommended are 
adult,  demersal  species  such  as  carp,  suckers and bullheads, as well as 
young-of-the-year ( Y O Y )  spottail  shiner. Fishes also should be examined for 
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deformities,  tumors,  lesions,  etc.  that  may  serve  as  indicators 
to contaminants. 

of stress  due 

Correlations  between  the  incidence of deformities,  tumors, 
in  fishes and the  presence of environmental  stressors  have been 
the  Great  Lakes and shown in laboratory  studies.  Reviews of 
pollution-associated  diseases of fish  have been published by Si 
(1984), Hendricks (1982), and Kraybill  et  al. (1977). 

lesions,  etc., 
established in 

ndermann 

Identification of tumors and other  deformities in fish  from  an  impacted 
area  is  a  first  step  in  monitoring. A handbook  for  identifying  tumors in 
Great  Lakes  fishes will be published  soon by the  Great  Lakes  Fishery 
Commission.  It is recommended  that  investigators  undergo  some practical 
instruction  in  addition to using the  handbook  because  some  deformities  can be 
confused with neoplasia;  many  factors  affect  occurrence of neoplasia in fishes 
such  as  season,  age and  sex. An internal  examination  is  also  essential  since 
liver  lesions  are of particular  interest.  Knowledge of "normal"  incidence of 
deformities i s  required  in  interpreting all occurrence  data. 

This  direct  examination  yields  information on the  incidence o f  tumors and 
other  deformities  which  result  from  the  integrated  effects of exposure  to 
ambient  water,  sediments,  effluents and contaminated  food.  To  apply  the 
condition to individual  ecosystem  components,  bioassays  such  as  the  direct 
exposure of fish  to  sediment  contaminant  extracts (Black 1983) or  more often 
the  Ames/Salmonella  microsome  test  are required to  isolate  effects. 

Head  capsules of midge  larvae  (Chironomidae)  with  morphological 
deformities,  recovered  from  recent  sediments and sediment  cores,  may be the 
result of toxic  contamination  (Warwick  1980; 1986). Examination o f  sediments 
(or  sediment  cores in paleolimnological  studies)  for head capsule  deformities 
may  be  valuable in certain  Areas of Concern. If core  segments  can be properly 
dated,  this  field  assessment  technique may  identify  when  deformities began to 
emerge  and  possibly  some  comparative  information  on  the  severity o f  the 
problem  through  time. 

Mutagenicity  Tests 

Short-term  tests  based  on  the  principles of genetic  toxicology  provide  a 
reliable  indication of a  substance's  potential t o  cause  mutations  and/or 
cancer in  mammals.  These  tests  can  predict  within  a  few  weeks,  the  outcome  of 
long-term  animal  bioassays  which  may  take  three to  five  years  to  complete 
(Brusick 1980). There is  growing  evidence  that  carcinogenesis  involves 
several  distinguishable  stages,  including  initiation and promotion. 
Initiation  may  result  from  an  irreversible  event  within  a cell after  its 
exposure to physical,  chemical  or viral agents  that  damage  or  change  the DNA 
molecule.  Promotion,  on  the  other  hand,  depends  upon  repeated  treatment of 
the  initiated cell by physical  or  chemical  agents  that  are weak or 
non-carcinogenic  initiators.  Consequently,  the  following  tests  for 
mutagenicity  include  a  component  for both  initiation  (Ames/Salmonella  test) 
and  promotion  (Metabolic  Cooperation test). 
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Ames  Salmonella/microsome  assay  (Initiation) 

The  Salmonella/microsome  assay  places  a  suspected  mutagen  or  sample in a 
medium  containing  a  low  concentration of  histidine.  The  medium is  seeded  with 
a  strain o f  Salmonella twhimurium, which  is  unable  to  grow  because of a 
mutation in an  enzyme of the histidine  biosynthetic  pathway.  The  rate o f  
reversion to histidine-independence  estimates  mutagenicity and is  easily 
determined by counting  the  number of  colonies  growing in the  histidine- 
deficient  medium. 

Many  chemicals  that  produce  cancer in mammals  are  not  mutagenic until they 
have  metabolized in the  liver and other  tissues.  Since  some  mammalian 
metabolic  pathways  are  not  present in bacteria,  the  "activation"  process  does 
not  occur and some  mammalian  mutagens  register  as  negative in the  Ames test. 
This  problem  has  been  alleviated  somewhat by the  inclusion of a  rat  liver 
microsome  preparation ("S9") into the bacterial  assay  system. 

The  Ames  Salmonella/microsome  assay  has  the  following  advantages:  it  has 
been  subjected  to  a  diverse  group  of  chemical  mutagens;  is  generally 
reproducible,  a  detailed  protocol  has been  published;  and  it  can be  used with 
an S9 activation  system.  Disadvantages o f  this  test  include:  it  does  not  work 
well with  certain  compounds, e-g. heavy  metals,  dioxin; and it  does  not  detect 
clastogenic  (chromosome-breaking)  compounds,  since  bacteria lack chromosomes. 

Methods and procedures  for  this  test  are  described by Ames  et  al. (1975), 
Brusick (1980) and Maron and Ames (1984). 

Metabolic  Cooperation  Test  (Promotion) 

Considerable  evidence  has  accumulated  which  suggests  that  intercellular 
communication  may  play  an  important  role in restricting  cancer  development by 
inhibiting  the  proliferation  of  'initiated  cells'.  When  cell-to-cell 
communication  is  blocked,  clonal  expansion of the  initiated cell could  occur 
and  an  autonomously  growing  tumor  cell  could be selected.  The  metabolic 
cooperation  test is one  way to estimate  the  ability o f  a  substance to 
interfere  with  cell-to-cell  communication. 

Methods and procedures  for  this  test  are  described by Gupta  et  al. (1985) 
and lrosko  et al. (1981). 

3.4.5 Bioconcentration/Bioaccumulation 

Measurement of chemical  residues  does  not  describe  actual  adverse 
effects.  However,  such  measurements do indicate  exposure and often  provide 
evidence of bioavailability  from  sediments and water, and the  presence of a 
compound  when  concentrations  are  below  the  detection  limit in the  ambient 
water  or effluent.  Analysis o f  the body  burden  of  chemical  contaminants is 
recommended in benthos and resident  adult,  demersal  fishes  for  the 
confirmation o f  toxic  substances  problems in Areas  of  Concern  (see  Section 
2 ) .  For  further  examination of bioconcentration/bioaccumulation, the use of 
young-of-the-year  spottail  shiner and  Chironomus  tentans  is  recommended. 
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"- Chironomus  tentans 

B e n t h i c   m a c r o i n v e r t e b r a t e s   ( e s p e c i a l l y   o l i g o c h a e t e  worms and  chironomid 
m i d g e s )   c o l l e c t e d   f r o m   t h e   A r e a   o f   C o n c e r n   a r e  recommended f o r  body  burden 
a n a l y s e s   ( O l i v e r   1 9 8 4 ) .  

7he  d ip teran  midge,   Chi ronomus  tentans,  i s  suggested  as a r e p r e s e n t a t i v e  
b e n t h i c   i n v e r t e b r a t e   f o r   l a b o r a t o r y   t o x i c i t y   t e s t i n g  and b ioaccumu la t i on  
s t u d i e s .   T h i s   s p e c i e s   i s   w i d e l y   d i s t r i b u t e d   t h r o u g h o u t   t h e   U n i t e d   S t a t e s   a n d  
spends  most  of i t s  l i f e   c y c l e   i n   t u n n e l s   i n   t h e   u p p e r   f e w   c e n t i m e t e r s   o f  
sediment .  The c h i r o n o m i d s   c a n   o f t e n   a c c o u n t   f o r  a s i g n i f i c a n t   p o r t i o n   o f   t h e  
benth ic   b iomass  and  a re   impor tan t  i n   t h e   c y c l i n g   o f   r e s i d u e s   i n  and f r o m   t h e  
sediments.   Chironomus  tentans  completes i t s   l i f e   c y c l e   i n   a p p r o x i m a t e l y  30 
days a t  20°C and  can  be  reared i n   t h e   l a b o r a t o r y .  The m e t h o d o l o g y   f o r  
assess ing   body   burdens   o f   tox ic   con taminants   us ing   Ch i ronomus  ten tans  i s  
d e s c r i b e d   b y   O l i v e r   ( 1 9 8 4 ) .  

S p o t t a i l   S h i n e r  

A n a l y s i s  o f  f i s h   t i s s u e   f o r   o r g a n i c  and  heavy  metal  contaminants i s  a w e l l  
e s t a b l i s h e d   m o n i t o r i n g   t o o l   i n   t h e   G r e a t   L a k e s .  The me thodo logy   f o r   l ong - te rm 
m o n i t o r i n g   o f   w h o l e   f i s h   s a m p l e s   f r o m  open l a k e   w a t e r s   i s   d e s c r i b e d   i n   t h e  
Grea t   Lakes   I n te rna t i ona l   Su rve i l l ance   P lan   (GL ISP) .   Moreover ,   samp l ing  
protocols   and  data  bases  on  contaminant   burdens i n   e d i b l e   p o r t i o n s   o f   s p o r t  
and  commerc ia l   spec ies  ex is t .   Sampl ing  and  analys is   o f   these  spec ies  should 
be c o n t i n u e d   i n   t h o s e   A r e a s   o f   C o n c e r n   w h e r e   s p e c i f i c   h e a l t h   a d v i s o r i e s   h a v e  
been   es tab l i shed .  

E s p e c i a l l y   a p p l i c a b l e   t o   A r e a s   o f   C o n c e r n   i s   t h e   m o n i t o r i n g   o f  
contaminants  i n  young-of - the-year  ( Y O Y )  s p o t t a i l   s h i n e r   ( N o t r o p i s   h u d s o n i u s ) .  
Th is   spec ies  has a l i m i t e d   r a n g e   d u r i n g   i t s   f i r s t   y e a r   o f   l i f e  a n d ,   t h e r e f o r e ,  
i s   s u i t a b l e   f o r   b o t h   l o n g - t e r m   t r e n d s  and f o r   m o n i t o r i n g   p o i n t   s o u r c e s   i n  
Areas o f  Concern   where   b reed ing   popu la t i ons   ex i s t .  The methods f o r  body 
b u r d e n   a n a l y s i s   u s i n g   t h e   s p o t t a i l   s h i n e r   a r e   d e s c r i b e d   i n  Suns e t   a l .  (1981, 
1983) .  Where s p o t t a i l   s h i n e r s   a r e   n o t   a v a i l a b l e ,   a n o t h e r  Y O Y  r e s i d e n t  
m i n n o w - l i k e   s p e c i e s   ( N o t r o p i s   s p p . )   s h o u l d  be s e l e c t e d .  

W i l d l i f e  

Recen t   ev idence   i nd i ca tes   t ha t   t he   more   ove r t   e f fec ts   o f   t ox i c   subs tances  
a r e   a p p e a r i n g   i n   f i s h - e a t i n g   b i r d s ,   r a t h e r   t h a n   o t h e r   b i o t i c   g r o u p s   i n   t h e  
Grea t   Lakes ,   e .g .   (G i l be r t son  1983; H a r r i s   e t   a l .   1 9 8 5 ) .  However,  due t o  
t h e i r   h i g h   d e g r e e   o f   m o b i l i t y ,  n o n e   a r e   s p e c i f i c a l l y   c o n f i n e d   t o   i n d i v i d u a l  
r i v e r s  and  harbors .   Other   g roups   o f   o rgan isms  a re   more   appropr ia te   fo r  
examina t ion  and a n a l y s i s   i n   t h e s e   A r e a s   o f   C o n c e r n ,   a l t h o u g h   r e s e a r c h  
i n v e s t i g a t i o n s  on w i l d l i f e ,   e . g .   c o n t a m i n a n t s   i n   o v e r - w i n t e r i n g   w a t e r f o w l ,   a r e  
encouraged. I n   c o n n e c t i n g   c h a n n e l s   a n d   l a r g e  embayments designated  as  Areas 
o f   C o n c e r n ,   i n v e s t i g a t i o n   o f   c o n t a m i n a n t   b o d y   b u r d e n   i n   f i s h - e a t i n g   b i r d s  
s h o u l d   r e c e i v e   h i g h   p r i o r i t y .   F o r   e x a m p l e ,  a r e c e n t   s u r v e y   f o u n d   t h a t  PCBs i n  
D e t r o i t   R i v e r   d u c k s   r a n g e d   f r o m  2 .7  t o  20.0 ppm ( S m i t h   e t   a l .   1 9 8 5 ) .  It was 
suggested   tha t   these  ducks   accumula te  PCBs f r o m   t h e i r   f o o d ,   w h i c h   c o n s i s t s  
l a r g e l y  o f  o l i g o c h a e t e s  and a q u a t i c   p l a n t   t u b e r s   g a t h e r e d  f r o m  t h e   b o t t o m  o f  
t h e   D e t r o i t   R i v e r .  
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Humans 
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y,  one-to-one casual  relationships  between  specific  contaminants 
Concern and human  morphological or physiological  disorders are 
fficult to establish.  The  mobility of individuals,  the  variety of 
exposure  routes and variability in diet and lifestyle  affecting 
contaminants,  adversely  influence  the use of humans  as 
s in Areas of Concern.  However, in some instances where a high 

risk  sub-.population can be  identified,  short--term  tests  as  indicators of 
mutagenic  initiation  (Ames/Salmonella  test) and promotion  (V79/metabolic 
cooperation  test)  are  recommended.  Moreover,  follow--up body burden  analyses 
for contaminants  and  epidemiological  studies in such  high risk sub-populations 
are  warranted. 

Measurements of body  burden  in  humans living adjacent to Areas of Concern 
are vital to understanding  the  impacts of contaminants.  Samples of adipose 
and  liver  tissues  are  desirable.  The Human  Health  Effects  Committee of the 
IJC can  provide  advice and  further  the  development of such  investigations  as 
warranted. 

3 . 4 . 6  Statistical  Considerations 

Most  analyses of data  collected in a  monitoring and surveillance  context 
involve  assessing  whether  a  particular  variable is different  from  a  given 
value, e.9. violation of a standard or different  from  some  "control" 
parameter. The  strength of such  comparison  results lie  in statistical  tests 
of differences  and  ultimately  in  the  faith  one  has  in  the  measurement.  This 
is true  for  assessment of standards  violations and for measuring the  effects 
o f  "mixed-effluents"  on biota or  other empirical  measures of an  ecosystem's 
response to water and sediment in the Areas of Concern. A second,  equally 
important,  issue is control site selection.  This  issue is extremely  important 
to the  performance of all functional  bioassays. See  Section 7.0, Statistical 
Considerations  for  a  discussion of tests of differences  (page 1 6 5 ) .  

Controls 

Comparing  the  status of an Area of Concern, usually by measuring 
concentrations of properties  with prescribed  standards, is straightforward, 
provided the  important  foundations of the  requirements  for  test  applications 
are  observed.  New  approaches  have been suggested  recently that  assess  the 
erfluent  effects  on t'larger" ecosystem  processes, e.g. primary  productivity, 
zooplankton  fecundity. In these  approaches  source  water (effluent) is mixed 
with  receiving water and  process  responses  are  monitored.  Similar  protocols 
could  be  developed  for  Areas of Concern  where  water from  the  Area of Concern 
would  be the  source  water and perhaps the  open lake  would  represent the 
receiving  water. The  test  hypothesis becomes:  Does Area of Concern  water 
influence  open  lake  water? If the  answer t o  that  question is no,  then  the 
Area o f  Concern  water is not problematic  within the  confines of the test. Two 
important  questions  arise: 1) what is the receiving water, and 2) what is the 
control?  These may seem  similar, but are in fact  quite  separate  questions; 
the  first is more  easily  answered.  Selecting  the receiving water is based on 
decisions of what  the Area of Concern  should  ultimately  become i f  fully 



" r e s t o r e d " .  I f  t he   u l t ima te   des ign  i s  t o  make i t  resemble  the open lake ,   then  
t h a t  i s  t h e  most appropr i a t e   r ece iv ing   wa te r .  I f  i t  i s  a small embayment and 
the u l t ima te  design i s  t o  have  an  unpolluted embayment, then  such a s i t e  
should be used a s   t he   r ece iv ing   wa te r .   Se l ec t ion  o f  cont ro l   water  i s  more 
d i f f i c u l t ,   b e c a u s e  any pe r tu rba t ion  of receiving  water   can be expected t o  
e l i c i t  a response.  When t e s t i n g   e f f l u e n t   d i s c h a r g e d   i n t o  a r ive r   f l owing   i n to  
an embayrnent, a proper   control   could be r iver   water   ups t ream o f  t h e  
d ischarge .   In  the case  o f  Area o f  Concern wa te r   a s   t he   sou rce   wa te r ,   con t ro l  
water  could be from a s i t e  o f  s i m i l a r  morphometry or   unpol luted  nearshore 
water .  
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4.1 INTRODUCTION 

Historically,  source  monitoring  has  been  directed  primarily  towards  the 
conventional  pollutants,  those  that  resulted i n  oxygen  depletion,  reductions 
in  water  clarity  and  nutrient  enrichment.  Although  such  problems  persist i n  
many  Areas  of  Concern,  most  areas  also  are  subject  to  significant 
contamination  from  metals  and  toxic  organic  chemicals. 

Identifying  sources  of  pollution  is a complex  task  because  the  verified 
impact  may  be  due  to  non-persistent  pollutants, e.g. biochemical  oxygen  demand 
(BOD),  chlorine  (C12),  nitrate (NO,), etc., or  the  source  may  be a 
transient  or  an  intermittent  discharge.  The  latter  discharges  can  result  from 
planned  or  unplanned  variations  in  the  discharging  processes  or  from 
precipitation  events  which  may  cause: i )  toxic  waste  dumps  to  discharge, i i )  
agricultural  runoff  to  increase, i i i )  urban  runoff  from  combined  sewer 
overflows  (CSOs)  and/or  storm  sewers  to  discharge  accumulated  toxic  material, 
or iv )  malfunctions  at  sewage  treatment  plants. 

This  Section  provides a strategy  for  comprehensive  and  continued  source 
monitoring  in  Areas  of  Concern so that  the  relative  contribution  and 
significance  of  pollutant  loadings  from  this  sector  can  be  assessed.  Such  an 
assessment  is  an  essential  element  of a cost-effective  remedial  action  plan 
and  associated  long-term  surveillance  program. 

The  three  flow  charts  depicted in Figures 2, 3 and 4 outline  the 
recommended  generic  approach  for  source  examination.  The  general  flow  chart 
(Figure 2) includes  all  the  steps  necessary  to  determine  the  relative 
contaminant  loadings  in  an  Area  of  Concern,  while  considering  the  interaction 
with  such  media  as  the  water,  sediment  and  biota.  Since  process  screening 
involves  several  decisions,  two  specific  flow  charts  are  provided; 1 )  
preliminary  or  "desk  top"  screening  (Figure 2: also  see  Section 4.3) and 
2) detailed  screening  which  involves  collection  and  analysis  of  new  data 
(Figure 4: see  Section 4.4). In addition,  Sections 4.5 and 4.6 provide a 
rationale  and  procedures  for  determining  the  relative  contribution of  all 
potential  pollution  sources. 

Boundaries  defining  the  geographical  extent  of  required  remedial  action 
are  established  according  to  the  rationale  for  listing  an  Area of Concern. 
Upstream,  or  in  some  specific  situations,  downstream  fluxes o f  materials  are 
then  treated  as  sources.  Determining  the  impact  of  these  fluxes  may  require 
using a conservative  tracer,  such  as  chloride  or  conductivity,  to  estimate  the 
loading.  The  Water  Section (5) of this  document  provides  further  guidance  on 
determining  flux  loadings. 

The  contaminated  sediments,  present in the  vast  majority o f  the  existing 
Areas  of  Concern,  must be considered  potential  sources,  and  their  relative 
contributions  determined.  Techniques  for  estimating  the  contribution  of 
sediments  to  loading  are  described  in  the  Sediment  Section (6). 

Procedures  presented  to  deal  with  relative  contribution  involve 
identifying  and  quantifying  sources  of  many  different  chemicals. On 
application  of  the  methods  outlined  in  this  chapter, a table of loadings by 
source  and  parameter,  along with their  relative  contribution,  will be 
produced.  This  information  is  critical  to  the  development of an RAP. 
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FIGURE 2 

SOURCE GROUP PROCESS FLOW CHART 
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FIGURE 4 

DETAILFD SCREFNING FOR SIISPFCTFP  SOIIPCFS 
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SOURCE 
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chart)  

*From t h e   d e r i n i t i o n   o f   t h e  Area of  Concern. 

** I f  no i n - v i t r o   e f f e c t s   a r e  Found i n  e r f l u e n t s ,  move t o  new e f f l u e n t .  IF no  e f f l u e n t  i s  found t o   e x e r t   e r f e c t ,  
expand  boundary and consider   synerg ism  where  const i tuents   f rom more than one e f f l u e n t  combine i n  stream t o  
e x e r t   e r r e c t .  
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The  following  recommendations will greatly  improve and assist  the 
execution of this  process. 

1) All inventories  of  information should be computerized in a 
standardized  format and made  available  to  those  studying  the  area. 

At  present,  some  inventories  are  not  computerized  or  are  not  accessible, 
making  the  development of a  source  monitoring  plan and the  efficient use o f  
resources  extremely  difficult. 

2) Bioassays to be performed  on  sources  should be standardized. 

There  are  a  variety of bioassays  that could be  used for  effluent  testing. 
Procedures  for  conducting  a  given  bioassay  also  differ  from  jurisdiction to 
jurisdiction  (see  recommendations,  Biota  Section ( 3 ) ) .  

4.2  PRELIMINARY  INFORMATION  SOURCES AND BOUNDARY  DEFINITION 

4.2.1 Historical  Information 

Before  implementing  the  more  detailed  investigation  phase  described in 
Section  4.3,  it is imperative  that  a  comprehensive  compilation of all the 
available  data and information  within  the  watershed be made and the  boundaries 
for each of the listed  pollutants be established.  When  this  phase is 
completed,  a  detailed  information  base and a  preliminary  list of sources by 
pollutant and location will have  been  assembled. 

The  information used to  describe  an Area of Concern to date  is,  for  the 
most  part, noted  within  various  Water  Quality Board reports.  Quite  often  the 
references in these Board  reports  are internal  reports  with a limited 
distribution  or  were based on an  anonymous  interpretation of unpublished  data 
generated by the  jurisdictions.  These  references should be assembled and 
reviewed  as  a  starting  point. 

The  next  step  is  to  secure an  historic  perspective.  Table 1 in the 
Introduction  presents  an  outline of the  information  deemed essential for 
preparing  a  remedial  action  plan  and  surveillance  program.  This  historic 
perspective  is  necessary  because,  while  a  source  may  no  longer be physically 
present,  its  legacy of pollution  may  endure  either on or off  site.  Love 
Canal,  New York i s  probably  the  most  notorious  example of such a legacy. A 
specific,  but  not  exhaustive, list of information  for  this  type o f  compilation 
appears in Table 8. 

4.2.2 Boundary  Definition 

The initial  definition of an  Area  of  Concern  boundary  comes  from  the  Water 
Quality  Board's  description.  These  descriptions may  require  further 
interpretation  to  obtain  a  boundary  definition  that is likely  to  include 
potential  pollution  sources.  For  example,  the  Raisin  River is listed as an 
Area of Concern, but only  the last  three  miles  of  the  river  exhibit  the 
problems  described. 
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TABLE 8 

HISTORICAL INFORMATION FOR SOURCES 

I n r o r m a t i o n   S o u r c e  Comment 

F i s h  Kill Records 

Power P l a n t   D e m o n s t r a t i o n s  

ILocal  Sewer  Maps 

€mergency  Remedial   Response 
I n v e n t o r y   S y s t e m   ( E R R I S )  
[ U . S . ]  

N a t i o n a l   P r i o r i t y   L i s t  (NPL)  
[ U . S . ]  

D r i n k i n g   W a t e r   S u p p l y  
C h e m i c a l   A n a l y s i s  [ U . S . ]  

R e g i o n a l  208 Agenc ies  [ U . S . ]  

I n d u s t r i a l   F a c i l i t i e s  
D i s c h a r g e  ( I F D )  Data  Base 
[ U . S . ]  

Pe rm i t   Co rnp l i ance   Sys tem 
(I'CS) [U.S . ]  

Form I 1  C [U.S.) 

S l O R E T  E F r l u e n t   F i l e  ( E F )  

C50 I n v e n t o r i e s  

S p e c i a l   S t u d i e s  

M u n i c i p a l   a n d   I n d u s t r i a l  
S t r a t e g y  f o r  Abatement ( M I S A )  

U . S .  Army Corps or  E n g i n e e r s  

F e d e r a l   I n s e c t i c i d e ,  
F u n g i c i d e ,   a n d   R o d e n t i c i d e  
Ac t   (F IFRA)  

R e s o u r c e   C o n s e r v a t i o n   a n d  
R e c l a m a t i o n   A c t  ( R C R A )  

Comprehens ive   Env i ronmen ta l  
Response,   Compensat ion  and 
L i a b i l i t y   A c t   ( " S u p e r T u n d " )  

S e c t i o n   2 0 1 .   C l e a n   W a t e r   A c t .  
U n d e r g r o u n d   I n j e c t i o n   P r o g r a m  
F a c i l i t y   P l a n n i n g   D o c u m e n t s  

G e o g r a p h i c a l   l o c a t i o n  o f  p o t e n t i a l   s o u r c e s .  

Requ i red   under   316  a) and b)  o f  C l e a n   W a t e r   A c t .  

A v a i l a b l e   f r o m   m u n i c i p a l i t y .  

Locates   known dump s i t e s .  

T y p e   a n d   c o n c e n t r a t i o n  o f  p o l l u t a n t s  known t o  
e x i s t   w i t h i n   c e r t a i n  dump s i t e s .  

I n v e n t o r i e s   r e q u i r e d   u n d e r   C l e a n   W a t e r   A c t .  

W a t e r   q u a l i t y   i n f o r m a t i o n   a n d  l o c a t i o n s  O F  
s t o r m   s e w e r s   a n d   u r b a n   r u n o f f  p o i n t s .  

L o c a t i o n   a n d   t y p e  o f  p o i n t   s o u r c e s .  

NPDES c o m p l i a n c e   i n f o r m a t i o n .  

P r i o r i t y   p o l l u t a n t   a n a l y s i s   f o r  new  and 
renewed NPDES a p p l i c a t i o n s .  

Raw d a t a   o n   p o l l u t a n t   c o n c e n t r a t i o n s   a n d   l i m i t s .  

P a u l   H o r v a t i n ,  U . S .  EPA, GLNPO 
53b So. C l a r k   S t . ,   C h i c a g o ,   I L   ( 3 1 3 )   3 5 3 - 3 6 1 2  

A c a d e m i c   i n s t i t u t i o n s ,   o t h e r   g o v e r n m e n t  
a g e n c i e s ,   o t h e r   s t a t e   a g e n c i e s .  

O n t a r i o   p o i n t   s o u r c e   s y s t e m   ( c u r r e n t l y   b e i n g  
imp lemen ted ) .  

D r e d g i n g   r e c o r d s .  
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The process o f  s e t t i n g  an  Area  of  Concern  boundary  becomes a dynamic  and 
i t e r a t i v e  one, s u b j e c t  t o  t h e   r e s u l t s  o f  ongo ing   sc reen ing .  A t  t h e  end o f  
e a c h   s t e p   o u t l i n e d   i n   F i g u r e  2, t h e  adequacy o f   t he   cu r ren t   boundary   shou ld   be  
re -eva lua ted   and a d e c i s i o n  made on t h e  need f o r   r e d e f i n i t i o n .  I n  a d d i t i o n ,  
each  parameter   o f   concern may r e q u i r e  a d i f f e ren t   boundary .   Fo r   examp le ,   z inc  
may be a problem i n  a harbor   where a p l a t i n g  company d i s c h a r g e   i s   l o c a t e d ,   b u t  
p e s t i c i d e s   a p p l i e d  t o  c r o p l a n d s  20 m i l e s  up r i v e r  may a l s o   r e q u i r e  
c o n s i d e r a t i o n .  

P r e l i m i n a r y   s c r e e n i n g   ( S e c t i o n   4 . 3 )   s h o u l d   i n d i c a t e   s o u r c e s   w i t h i n   t h e  
A rea   o f   Concern   wh ich   a re   con t r i bu t i ng   t o   t he   p rob lem.  I f  n o   l i k e l y   s o u r c e s  
are   de termined,   the   boundary   o f   the   Area   o f   Concern   must  be r e d e f i n e d   w i t h   t h e  
a i d   o f   t h e   h i s t o r i c a l   i n f o r m a t i o n   p r e v i o u s l y   d e s c r i b e d   t o   i n c o r p o r a t e  
a d d i t i o n a l   p o t e n t i a l   s o u r c e s .  As a r e s u l t ,   t h e   b o u n d a r y   w o u l d   n o r m a l l y  be 
moved f u r t h e r   u p s t r e a m .  

I f  n o   s o u r c e   c a n   b e   c o n f i r m e d   a f t e r   t h e   d e t a i l e d   s c r e e n i n g   s t e p   o u t l i n e d  
i n   S e c t i o n  4 . 4 ,  t hen   t he   boundary   shou ld  be def ined  once  again.   Another  
r e d e f i n i t i o n  may b e   r e q u i r e d   f o l l o w i n g   t h e   q u a n t i f i c a t i o n   s t e p ,  i f  sou rces   o f  
s i g n i f i c a n t   q u a n t i t i e s   r e m a i n   u n a c c o u n t e d   f o r .  

4 .3  PRELIMINARY SCREENING 

4 . 3 . 1  - P a r a m e t e r s   o f   I n t e r e s t  

The W a t e r   Q u a l i t y   B o a r d   h a s   i d e n t i f i e d  11 C r i t i c a l   P o l l u t a n t s   w h i c h   a r e  
common t o  many Areas  o f   Concern  (Table 9 ) .  The s c r e e n i n g   p r o c e s s   d e s c r i b e d   i n  
t h i s   c h a p t e r   m u s t  be c a r r i e d   o u t   f o r   e v e r y   p a r a m e t e r  on t h e   c u r r e n t   W a t e r  
Q u a l i t y   B o a r d   C r i t i c a l   L i s t .   F o r   e x a m p l e ,  i f  an  area i s   l i s t e d  due t o  PCBs i n  
f i s h  and  mercury i n  sed imen ts ,   t hen   sc reen ing   mus t   t ake   p lace   f o r   bo th  PCBs 
and  mercury. 

TABLE 9 
CRITICAL 11 POLLUTANlS COMMON TO MANY AREAS OF CONCERN 

T o t a l   p o l y c h l o r i n a t e d   b i p h e n y l  (PCB) 
M i  rex  
Hexachlorobenzene 
D i e l d r i n  
DDT and m e t a b o l i t e s  
2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 
2,3,7,8-tetrachlorodibenzofuran 
Benzo --a -pyrene 
A l k y l a t e d   l e a d  
loxaphene 
Mercury 
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4.3.2 _Possible Sources 

The  screening  begins  with  the  development o f  a list of possible  sources 
,based  on  the  historical  information. Each source is then  evaluated by the 
techniques  described  below  to  determine  the likelihood of it  contributing  to 
the parameters of interest.  This  may be as  simple  as  deciding  that  a  steel 
m i l l  should be considered as a source o f  iron or as difficult  as  determining 
that a landfill  buried 20 years  previously  may  contain  PCBs.  The  scope o f  
this  step should be broad because  it is performed without  any  sampling and 
thus  it is  best to include  too  many  suspected  sources  at  this  stage  than  too 
few. 

4.3.3 Identification of Suspected  Sources 

Point  Sources 

The  term  'point  source'  refers  to  the  direct  discharge of wastewaters 
through a conduit  or  pipe at a  fixed  location  into  a  receiving  waterbody. 
This  section  contains  background  information on evaluating  various  point 
source  programs and notes  their  utility as  sources of information  to  describe 
relative  contributions of a  particular  pollutant  to  an  Area of Concern. 

Municipal 

A municipal  point  source is  unlikely  to be major  contributor of 
contaminant  loadings  to  Areas of Concern if its  effluent is made up entirely 
of  properly  treated  domestic  wastewater.  However,  most  municipal  treatment 
plants  receive  industrial  discharges and historically,  this  source o f  
wastewater has not  received  the  same  regulatory  scrutiny  as  industrial 
effluents  discharging  directly  into  a  waterbody.  Programs  are underway  to 
rectify  this  situation as noted  below. 

Jurisdictional  Pretreatment  Requirements 

Controlling  industrial  discharges  into  municipal  treatment  plants will 
prevent  interference  with  treatment  plant  operations,  pass-through of 
pollutants  to  the  environment,  municipal  sludge  contamination and exposure o f  
treatment  plant  workers  to  chemical  hazards.  Such  protection  can be achieved 
by regulating  the  nondomestic  users  through  pretreatment  programs. 

Through  pretreatment  programs,  many  municipalities in the  Great  Lakes 
basin  have  developed,  or  are  developing,  the  procedures  to control  inorganic 
priority  pollutants.  Currently,  some  jurisdictions  are  attempting  to control 
organic  pollutants.  However, at  present,  only limited  influent  monitoring o f  
toxic  contaminants  is  carried  out at selected  municipal  plants by the 
jurisdictions in the  Great  Lakes  basin.  Thus,  the  conclusions of the  Water 
Quality  Board's  Municipal  Abatement  Programs Task  Force, on the  status of 
pretreatment  programs in the basin  remain valid and include: 

1 )  There  are  insufficient  data  available upon  which  to  assess  the 
adequacy of industrial  pretreatment  programs  for  control of toxic 
organic  and/or  hazardous  substances. 

- 54 - 



2 )  Not all of the  necessary U . S .  €PA categorical  pretreatment  standards 
are  available  to  fully  implement  the  program. 

3 )  The  programs  are  not  stabilized and an  assessment o f  their 
effectiveness  has  not  been  made. 

4 )  The need for  additional  program  resources i s  apparent. 

In Ontario,  permissible  concentrations  for  industrial  waste  constituents 
have  been  outlined  in  a  proposed  model  sewer-use  bylaw.  Permissible 
concentrations  are  based  on  known  toxicities  or  potential  adverse  effects on 
municipal  sewage  treatment  plant  operation.  Although  the  current model bylaw 
recommends  limits  for  inorganic  toxic  substances,  organic  toxic  compounds  are 
not  addressed in detail. The bylaw is adopted or adapted  at  the  discretion of 
the municipality. 

In the United States,  a  municipal  pretreatment  program is required for all 
treatment  facilities  with  a  design  flow of more  than  five  million  gallons 
(19,000 m3) per  day  and  other  plants  that  receive  wastes  from industrial 
sources subject  to  pretreatment  requirements.  Where  a  pretreatment  program is 
developed,  the  municipality is  responsible  for  enforcement o f  the national 
pretreatment  standards,  as  well  as  any local or state  standards. In the  Great 
Lakes  basin, 93% of the municipal  pretreatment  programs  at  these  larger 
facilities  have  been  approved by the U.S. Environmental  Protection  Agency. 

In summary,  effluents  from  municipal  wastewater  systems  that  receive 
industrial  wastewaters  are  likely to contain  toxic  pollutants.  Ideally,  a 
wastewater  treatment  plant will be able  to  quantify  the load  of critical 
pollutants so relative  contributions  can be calculated;  however,  knowledge may 
be  limited to influent  loadings. In this  event,  the  treatment plant  effluent 
must be monitored to  determine  concentrations  which,  when  multiplied by flow, 
will yield  the  desired  loading  information.  Therefore,  the  first  step in the 
preliminary  screening  process  is to request  from  the  treatment  plant  a  master 
list of all industries  contributing to  the municipal  treatment  system. If such 
a  list is not  available,  one  should be  developed  using  information  sources 
such as: existing  sewer  authority  files,  water  use and billing  records, 
utility  company  records,  sewer  connection  permits,  business  license  records, 
Chamber of  Commerce  rosters,  the local telephone  directory, property  tax 
records, and city,  state and other  industrial  listings.  For each  industry 
identified,  information  gathered  for  analysis  should  include:  name and 
address of facility,  standard  industrial  classification (SIC) codes, 
wastewater  flow,  types,  concentrations and mass of pollutants  contained in the 
discharge,  products  manufactured,  locations of discharge  points and raw 
materials used or  stored.  Confirmation o f  data  gathered  could  require  a 
monitoring  program  for all or individual  industries. 

Regulation of Sewage  Treatment  Plants 

Ef f 1 uent 

There is more  uniformity in sewage  treatment  plant design than any  other 
area of jurisdictional  programs in the  Great  Lakes  basin.  The  Great Lakes 
states  and the province of Ontario  are  participants in the  Ten  States 
Committee  which  developed  and  continues  to  update  the  "Recommended  Standards 
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f o r  Sewage Works: P o l i c i e s   f o r   t h e   R e v i e w  and  Approval   of   Plans  and 
S p e c i f i c a t i o n s   f o r  Sewage C o l l e c t i o n  and  Treatment"  (Great  Lakes  Upper 
M i s s i s s i p p i   R i v e r   B o a r d  o f  S t a t e   S a n i t a r y   E n g i n e e r s ,   H e a l t h   E d u c a t i o n   S e r v i c e ,  
I n c . ,   A l b a n y ,  New York,   1978).  

She O n t a r i o   M i n i s t r y   o f   t h e   E n v i r o n m e n t   P o l i c y  No. 08-01,  adopted i n   A p r i l  
1983 r e q u i r e s   s e c o n d a r y   o r   e q u i v a l e n t   l e v e l   o f   t r e a t m e n t   a t   m u n i c i p a l  sewage 
t r e a t m e n t   w o r k s   d i s c h a r g i n g   t o   s u r f a c e   w a t e r s .   E f f l u e n t   r e q u i r e m e n t s   f o r  
O n t a r i o ,  shown i n   T a b l e   1 0 ,   h a v e   b e e n   r e v i s e d   t o  accommodate t h e   i n t e n t   o f  
t h i s   p o l i c y .  A r e l a x a t i o n   o f   t h e s e   s t a n d a r d s  may be  al lowed  on a case-by-case 
b a s i s ,   p r o v i d i n g   s t u d i e s   i n d i c a t e   t h a t   t h i s   d e v i a t i o n  will n o t   i m p a i r   s t r e a m  
w a t e r   q u a l i t y .   I n   s u c h   i n s t a n c e s ,   t h e  minimum  degree o f   t r e a t m e n t  will be 
p r i m a r y .   C o n v e r s e l y ,   h i g h e r   t h m   n o r m a l   l e v e l s   o f   t r e a t m e n t  may be 
imp lemented  by   the   p rov ince  i n   o r d e r   t o   p r o t e c t   o r   i m p r o v e   e x i s t i n g   r e c e i v i n g  
w a t e r   q u a l i t y .  The w a s t e w a t e r   t r e a t m e n t   a p p r o v a l   p r o c e s s   a l s o   r e q u i r e s   t h a t  
an   env i ronmen ta l   assessmen t   rev iew   be   under taken   and   t ha t   t he   cond i t i ons   o f  
o p e r a t i o n ,   i n c l u d i n g   e f f l u e n t   r e q u i r e m e n t s ,  be s p e c i f i e d   i n   t h e   " C e r t i f i c a t e  
o f   Approva l  . 'I 

I n   a d d i t i o n   t o   O n t a r i o ' s   e f f l u e n t   l i m i t a t i o n s  on   convent iona l   parameters ,  
c e r t i f i c a t i o n s  may a l s o   i n c l u d e   c e i l i n g s  o n   d i s c h a r g e s   o f   t o x i c   c o n t a m i n a n t s .  
However,  because t h e   p r i m a r y   t h r u s t   o f   t h e s e   c e r t i f i c a t e s   i s   c o n t r o l   o f  
c o n v e n t i o n a l   p o l l u t a n t s   a n d   n o t   t h e   r e m o v a l   o f   t o x i c   p o l l u t a n t s ,  it i s  n o t  
adequate t o  examine a c o m p l i a n c e   r e p o r t   f o r  a mun ic ipa l   was tewa te r   t rea tmen t  
p l a n t  and assume i t  i s  n o t  a source o f  contaminants  even i f  i t  c o m p l i e s   w i t h  
BOD, s u s p e n d e d   s o l i d s   a n d   t o t a l   p h o s p h o r u s   l i m i t a t i o n s .   R a t h e r ,   i n d u s t r i a l  
d i s c h a r g e r s   i n t o   t h e   s e w e r   s y s t e m   m u s t   b e   i n v e n t o r i e d   a n d  some es t ima te  o f  
t h e i r   c o n t a m i n a n t   c o n t r i b u t i o n   o b t a i n e d .   O n t a r i o   h a s   n o   s e l f - m o n i t o r i n g  
r e q u i r e m e n t s   f o r   i n d u s t r i a l   c o n t r i b u t i o n s   ( s e e   p r e t r e a t m e n t   d i s c u s s i o n ) .  

I n   t h e   U n i t e d   S t a t e s ,  sewage t r e a t m e n t   p l a n t s   w i t h   d e s i g n e d   c a p a c i t y   i n  
excess o f  1 m i l l i o n  US g a l l o n s   p e r   d a y   a r e   r e q u i r e d   t o   p r o v i d e   a t   l e a s t  
secondary   t rea tmen t   w i th   phosphorus   remova l   t o  1 mg/L i n   t h e   e f f l u e n t .   F o r t y  
Cod i f i ed   Federa l   Record  ( C F R )  P a r t   1 3 3   p r o v i d e s   i n f o r m a t i o n   o n   t h e   l e v e l  o f  
e f f l u e n t   q u a l i t y   a t t a i n a b l e   t h r o u g h   a p p l i c a t i o n   o f   s e c o n d a r y   o r   e q u i v a l e n t  
t r e a t m e n t .  As n o t e d   p r e v i o u s l y ,  U . S .  EPA o r   t h e   s t a t e   r e q u i r e s   s e l f - m o n i t o r i n g  
o f   i n d u s t r i a l   i n p u t s   t o   t h e  sewer  system  through NPDEWSPDES permi ts ,   and 
noncompl iance i s  t o  b e   r e p o r t e d   b y   t h e   p e r m i t t e e .  

Where e f f l u e n t   a n a l y s e s   a r e   p e r f o r m e d ,   o r g a n i c   p r i o r i t y   p o l l u t a n t s   i n   t h e  
e f f l u e n t   f r o m   m u n i c i p a l  sewage t r e a t m e n t   p l a n t s   a r e  commonly found i n  excess 
o f  " a c c e p t a b l e   c r i t e r i a "   f o r   t h e   p r o t e c t i o n   o f   a q u a t i c   l i f e  and human h e a l t h  
i n  open  waters.  

Sludge 

S l u d g e   m o n i t o r i n g   f o r   s p e c i f i c   m e t a l s   i s  recommended by  Canadian 
j u r i s d i c t i o n s ,   w h i l e   i n   t h e   U n i t e d   S t a t e s  a d e m o n s t r a t i o n   o f   s l u d g e   q u a l i t y   i s  
t h e   r e s p o n s i b i l i t y  o f  e a c h   s t a t e   t h r o u g h   i n d i v i d u a l   p e r m i t s .   I n   t h e   U n i t e d  
S t a t e s ,  i f  l a n d   a p p l i c a t i o n   i s   p r a c t i s e d ,  a more 
s u r v e i l l a n c e   p r o g r a m   i s   r e q u i r e d .   S l u d g e   d i s p o s a  
a p p l i c a t i o n   o r   i n c i n e r a t i o n ,   s h o u l d  be  cons idered 
c o n t a m i n a t i o n   a n d   s h o u l d   n o t   b e   o v e r l o o k e d   i n   t h e  

1 and 
s t r i n g e n t   a n a l y t i c a l  
1,  be it b y   l a n d f i l l i n g ,  
as a p o t e n t i a l   s o u r c e   o f  
sc reen ing   p rocess .  
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1ABLE 10 

R E V I S E D  O N T A R I O  EFFLUENl GUIDELINES FOR WAS'IEWATER TREATMENT FACILITIES 
(MOE POLICY 08-01 ) 

LEVEL OF T R E A l M E N l  

REQUIRED EFFLUENT  QUALITY 

SUSPENDED 
BOD SOLIDS TOTAL PHOSPHORUS 

P r imary  
( w i t h o u t  P removal)  
( w i t h  P removal)  

Secondary 
( w i t h o u t  P removal)  
( w i t h  P removal)  

Continuous  Discharge  Lagoon 
( w i t h o u t  P removal)  
( w i t h  P removal)  

Seasonal  Discharge  Lagoon 
( w i t h  P removal 
(ba tch   dose P remova l )  
(con t inuous   dose P removal)  

30%  remova 1 
50% removal 

25  mg/L 
25 mg/L 

30 mg/L 
30 mg/L 

30  mg/L 
25 mg/L 
30 mg/L 

50% remova 1 
70% remova 1 

25 mg/L 
25 mg/L 

40 mg/L 
40 mg/L 

40 mg/L 
25 mg/L 
40 mg/L 

Tota l   phosphorus 
e f f l u e n t  concen- 
t r a t i o n   s h a l l   b e  
- <1 .O  mg/L a t   a l l  
f a c i l i t i e s   r e -  
q u i   r i n g   p h o s p h o r u s  
removal .  A v a l u e  
l e s s   t h a n  1.0 mg/L 
may be r e q u i r e d  
as s i t e   s p e c i f i c  
c o n d i t i o n s  
w a r r a n t .  

Note:  Where warranted,  a h ighe r   deg ree  o f  t r e a t m e n t   s h a l l   b e   r e q u i r e d   t o   m e e t  
" S i t e - S p e c i f i c "   e f f l u e n t   r e q u i r e m e n t s   d e v e l o p e d   f o r   e a c h   p a r t i c u l a r  
r e c e i v i n g   w a t e r .  
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Combined Sewer  Overflows and Treatment  Plant Bypasses 

Combined sewer  overflows (CSOs) and "bypasses"  are  discharges of raw  or 
.inadequately treated  wastewaters  that  generally  occur  when  rainwater  or  other 
inflows to a conveyance/treatment system exceed: 

1) the capacity of the  conveyance  system  to  either retain or  transport 
flows; 

2) the  ability o f  the  treatment  system  to  either retain or adequately 
treat  the  flow;  or, 

3 )  the  capacity of the conveyance/treatment system  as a whole. 

Most, if not  all, of the urban centers in the Great Lakes basin have at 
least  some portion o f  their  sewer  collection  system designated as "combined", 
meaning  that  there is a linkage between the  sanitary  sewer  system carrying 
residential, commercial and industrial wastewater and the  storm  sewer  system. 
It is  a design  characteristic o f  such  systems  that  significant precipitation 
events will result in the  overflow o f  mingled  untreated runoff and wastewater 
directly  to  the receiving waterbodies, bypassing the  treatment  system. 

Although the  terms  "CSO" and "BYPASS"  are  sometimes used interchangeably, 
the term "CSO"  usually  describes  the  impact of storm  runoff  attributable  to 
snow  melt or direct  precipitation  on a sewer  system  where  storm and sanitary 
sewerage are combined. 

The term  "BYPASS"  can be defined as the intentional diversion of waste 
streams  from  any  portion of a treatment  facility, and applies  to  either a 
combined  system  or  separate  sanitary  waste  system.  Whereas a CSO is supposed 
to  occur  only  during  wet  weather  conditions, bypasses can  occur during wet  or 
dry  weather. 

While separated stormwater  systems  technically should not have discharges 
from  the  sanitary  system,  experience in the  Great Lakes basin indicates that 
some  separated  sanitary  systems  experience bypassing during  wet  weather 
similar to combined systems. As a result,  while  they  are  technically 
"separated,"  monitoring and controls  are still needed to  minimize bypassing 
during  wet  weather. 

Where combined sewers  are still in use,  overflows of untreated wastewater 
routinely occur. Changes in municipal populations, land use,  surface 
characteristics or poor  maintenance practices often have resulted i n  increased 
overflow volumes and frequencies. In some  cases, increased wastewater flows 
have  caused  overflows to  occur  even in dry  weather. As an illustration o f  the 
magnitude o f  discharges  from  this  source  sector, it is estimated that combined 
sewer  overflows in Ontario  contribute  about 3,700 tonnes of BOD, 17,000 tonnes 
of suspended  solids, and 130 tonnes of phosphorus to  the  Great Lakes system 
annually. Based on a literature  survey of available U.S. construction  grant 
studies  for 27 major municipal metropolitan  areas in the  Great Lakes states, 
it  was estimated that  overflows in these  areas  contribute  an annual phosphorus 
load of 805 tonnes. 
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No new combined  sewer  systems  have  been i n s t a l l e d   i n   t h e   G r e a t  Lakes  basin 
s i n c e   t h e   e a r l y  1960s. I n   f a c t ,  many m u n i c i p a l i t i e s   h a v e   c o m p l e t e d ,   o r   a r e  
i n i t i a t i n g ,  sewer  separat ion  programs.  As a consequence,   most   mun ic ipa l i t ies  
c u r r e n t l y   c a t e g o r i z e d   a s   s e r v i c e d   b y   c o m b i n e d   s e w e r s   a r e   i n   r e a l i t y   s e r v i c e d  
by  complex  systems  of   separated  and  combined  sewers.   Cost  p lays a m a j o r   r o l e  
i n   d e t e r m i n i n g   t h e   d e g r e e   a n d   e x t e n t   t o   w h i c h  new sewer  separat ion  and 
r e h a b i l i t a t i o n   p r o g r a m s  will be  implemented. 

CSOs o f t e n   v i o l a t e   w a t e r   q u a l i t y   c r i t e r i a  and s t a n d a r d s ,   p a r t i c u l a r l y  
bac te r ia l   s tandards .   Da ta   rega rd ing   f requency ,   vo lume and d u r a t i o n   o f   f l o w  
f rom CSOs may b e   c o l l e c t e d   b y   t h e   m u n i c i p a l i t i e s   a s   p a r t   o f   t h e i r   d i s c h a r g e  
p e r m i t   m o n i t o r i n g   r e q u i r e m e n t s .   H o w e v e r ,   i n s u f f i c i e n t   d a t a   a r e   a v a i l a b l e   t o  
a d e q u a t e l y   q u a n t i f y   l o a d s   o f   o t h e r   c o n t a m i n a n t s ,   s u c h   a s   m e t a l s  and o rgan ic  
compounds, f r o m  CSOs. I n d i v i d u a l   a s s e s s m e n t s   a r e   n e c e s s a r y   t o   i d e n t i f y   t h e  
e x t e n t   o f  CSO i m p a c t s   o n   w a t e r   q u a l i t y  and t o   p r o v i d e   j u s t i f i c a t i o n   f o r   s i t e  
s p e c i f i c   c o n t r o l   p r o g r a m s .  

The p r e c e d i n g   i n f o r m a t i o n   i n d i c a t e s   t h a t  CSOs and  bypasses  should  be 
c o n s i d e r e d   s i g n i f i c a n t   s o u r c e s   o f   c o n v e n t i o n a l   a n d   t o x i c   p o l l u t a n t s   t o  
watersheds i n  many of the   Areas  o f  Concern, p a r t i c u l a r l y   d u r i n g   p r e c i p i t a t i o n  
events.   Models may b e   u s e f u l   f o r   d e t e r m i n i n g   a n   i n i t i a l   a p p r o x i m a t i o n   o f  
con taminan t   l oad ings   f rom  these   sou rces   ( see   Sec t i on  4 . 5 . 2 ) .  However,  any 
comprehens ive   mon i to r ing   p lan   fo r   Areas   o f   Concern   where  CSOs and  bypasses 
c o n t r i b u t e  a s i g n i f i c a n t  volume o f   u n t r e a t e d   w a s t e w a t e r   t o   t h e   r e c e i v i n g   w a t e r  
o n   a n   e v e n t   o r   c o n t i n u o u s   b a s i s   m u s t   i n c l u d e   p r o g r a m s   f o r   d i r e c t   m e a s u r e m e n t  
t o   q u a n t i f y   p o l l u t a n t   l o a d i n g s .  

A l t h o u g h   t h e   o v e r f l o w   d i s c h a r g e   p o i n t s   a r e  w e l l  d e f i n e d ,   b e i n g   t y p i c a l l y  
l a r g e   s e w e r   c o n d u i t s ,   t h e   o r i g i n s   o f   t h e   d i s c h a r g e d   w a t e r   c a n n o t  be so  c l e a r l y  
d i s t i n g u i s h e d .  As a r e s u l t ,   t h e   s t a t u s   o f  CSOs as p o i n t   s o u r c e s   ( d u e   t o   t h e i r  
d i s c h a r g e   c h a r a c t e r i s t i c s ) ,   o r   n o n p o i n t   s o u r c e s   ( g i v e n   t h e i r   v a r i o u s   i n p u t s )  
h a s   n o t   b e e n   c l e a r l y   e s t a b l i s h e d .   T y p i c a l l y ,   w h e r e   o n l y  a few CSOs e x i s t   i n  
an   u rban  a rea ,   they  may be  regarded  as  po int   sources;   however ,  i n  a l a r g e  
u rban   a rea   such   as   De t ro i t ,   w i th   seve ra l   hundred  CSO d i s c h a r g e   p o i n t s ,   t h e y  
a r e   o f t e n   t r e a t e d   a s  a d i f fuse,   nonpoint   source.   Bypasses,   however ,   should 
a lways   be   t rea ted   as   po in t   sou rces .  

A complete CSO assessment i s  needed t o   i d e n t i f y   t h e   d e g r e e   o f   c o n t r o l  
r e q u i r e d   t o   m e e t   w a t e r   q u a l i t y   c r i t e r i a ,   s t a n d a r d s   o r   o b j e c t i v e s .  The 
a s s e s s m e n t   s h o u l d   i n c l u d e   t h e   f o l l o w i n g :  

1 )  Map o f   t h e   s e w e r   s y s t e m   d e p i c t i n g :  

a )   por t ions   o f   the   communi ty   served  by   combined  sewers  and separa te  
san i ta ry   sewers   and 

b )   l o c a t i o n   o f   e a c h   o v e r f l o w  and a f f e c t e d   r e c e i v i n g   w a t e r b o d y .  

2 )  L i s t   o f   i n d u s t r i a l  a n d   o t h e r   s e w e r   u s e r s   c o n t r i b u t i n g   t o   o v e r f l o w s .  

3) S i ze   o f   rece iv ing   wa te rbody   wa te rshed   and   popu la t i on   se rv i ced   by   each  
o v e r f  1 ow. 
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L a n d   u s e ,   z o n i n g   c l a s s i f i c a t i o n  and p r o j e c t e d   g r o w t h   p a t t e r n s   i n   t h e  
v i c i n i t y   o f  e a c h   o v e r f l o w ,   u s i n g   t h e   f o l l o w i n g   c l a s s i f i c a t i o n s :  
r e s i d e n t i a l ,   c o m m e r c i a l ,   i n d u s t r i a l ,   r e c r e a t i o n a l ,   a g r i c u l t u r a l .  

A c t u a l   o r   p o t e n t i a l   u s e   o f   t h e   a f f e c t e d   w a t e r w a y   f o r  human c o n t a c t  
a c t i v i t i e s .  

H i s t o r y   o f   c o m p l a i n t s   r e g a r d i n g   t h e   s t r e a m   a n d   s u r r o u n d i n g  
env i ronmen t   a t   o r   downs t ream  o f   ove r f l ow .  

H is to ry   o f   comp la in t s   conce rn ing   t he   sewer   sys tem.  

D e s c r i p t i o n   o f   s t r u c t u r a l   a n d   p h y s i c a l   c o n d i t i o n   o f   s e w e r   s y s t e m  
i n c l u d i n g  age o f   sys tem,   inc idence  o f   sewer   co l lapses  and b o t t l e n e c k s  
i n   t h e  system. 

I n s p e c t i o n   o f   s t r e a m   i n  and  around v i c i n i t y   o f  e a c h   o v e r f l o w   f o r  
s l u d g e   d e p o s i t s ,   s e w a g e - r e l a t e d   o d o r s ,   f l o a t i n g   d e b r i s   o f   s a n i t a r y  
sewage o r i g i n  a n d   a n y   o t h e r   v i s i b l e   s i g n   o f   p o l l u t i o n   i m p a c t ;  
c h a r a c t e r i z a t i o n   o f   s l u d g e   d e p o s i t s   s h o u l d   a l s o   b e   c o n s i d e r e d .  

10 )   Sed imen t   and   b io log i ca l   su rveys   downs t ream  o f   t he   ove r f l ow   po in ts   and  

11)   Water   co lumn  chemist ry :  

a)   upst ream/downstream  and  over f low  sampl ing.  

b )  wet  weather /dry   weather   sampl ing.  

c )   d i u r n a l   s a m p l i n g   f o r   d i s s o l v e d   o x y g e n  ( D . O . )  and 

d )   p a r a m e t e r s   i n c l u d i n g  BODS, s u s p e n d e d   s o l i d s ,   v o l a t i l e  
suspended  so l ids ,  ammonia, phosphorus ,   me ta l s   and   p r i o r i t y  
p o l l u t a n t s .  

S ince  CSO d ischarges   a re   dependent   on   wet   weather   events   tha t   occur  
s i m u l t a n e o u s l y   w i t h   h i g h   f l o w   e v e n t s   i n   t r i b u t a r i e s ,   s a m p l i n g   s t r a t e g i e s  
analogous to   t hose   p roposed   by   R icha rds  and  Hol loway,  "Monte  Car lo  Studies o f  
S a m p l i n g   S t r a t e g i e s   f o r   E s t i m a t i n g   T r i b u t a r y   L o a d s "   c o u l d   b e   u s e d   t o   d e t e r m i n e  
t h e   t y p e   a n d   q u a n t i t y   o f   p o l l u t a n t s   f r o m   t h i s   s o u r c e .  

Determin ing   Rout ine   D ischarge  S ign i f i cance  From  Mun ic ipa l   Sources  

To beg in   t he   assessmen t   o f   mun ic ipa l   sou rces ,   t he   d i scha rge   i nven to ry  
m a i n t a i n e d   b y   t h e   j u r i s d i c t i o n s   f o r   t h e  IJC should  be  examined.  This 
i n v e n t o r y   c o n t a i n s   s e l f - m o n i t o r i n g   d a t a   r e p o r t e d   b y   t h e   m u n i c i p a l i t i e s   a n d   i s  
a v a i l a b l e   i n   c o m p u t e r i z e d   f o r m   i n   t h e  EPA STORET e f f l u e n t   f i l e  (EF)  f o r   a l l  
G r e a t   L a k e s   j u r i s d i c t i o n s ,   i n c l u d i n g   O n t a r i o .  Any q u a n t i t a t i v e   p o l l u t a n t  
l o a d i n g   d a t a   s e c u r e d   f r o m   t h i s   s o u r c e   s h o u l d  be c o n s i d e r e d   a s   p r e l i m i n a r y  and 
n o t   c o n c l u s i v e   a s   t h e r e   a r e   v e r y   l i m i t e d   d a t a   o n   n o n - c o n v e n t i o n a l   t o x i c  
substances.  
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F o l l o w i n g   t h e   e x a m i n a t i o n   o f   t h e   d i s c h a r g e   i n v e n t o r y ,   s t a t e ,   p r o v i n c i a l   o r  
r e g i o n a l   f e d e r a l   s t a f f   s h o u l d   b e   q u e r i e d   r e g a r d i n g   i n f l u e n t   a n d   e f f l u e n t   d a t a  
f r o m   s p e c i a l   s t u d i e s ,   c o m p l i a n c e   s u r v e y s ,   t h e   e x i s t e n c e   o f   p r e t r e a t m e n t  
programs o r   r e c o r d s   o f   i n d u s t r i a l / c o m m e r c i a l   d i s c h a r g e r s   t o   t h e   p l a n t ,  
i n c l u d i n g   t y p i n g   b y   S t a n d a r d   I n d u s t r i a l   C l a s s i f i c a t i o n  ( S I C )  Code and 
identification/quantification o f  p o l l u t a n t s   f r o m   s p e c i f i c   i n d u s t r i a l   s o u r c e s .  
I n   t h e  absence  o f   d i rec t   measurements ,  S I C  Codes should  be  used t o   d e v e l o p  a 
l i s t  o f  p r o b a b l e   p o l l u t a n t s   d i s c h a r g e d   b y   t h e   s e w e r   u s e r .  

A t  t h i s   p o i n t ,   i n v o l v e m e n t   o f   t h e   d i s t r i c t   e n v i r o n m e n t a l   a g e n c y  and 
m u n i c i p a l   p e r s o n n e l  i s  c r u c i a l .  I f  t h e   i n f o r m a t i o n   f r o m   d i s t r i c t  
env i ronmenta l   agency   personne l   remains   inconc lus ive ,   the   mun ic ipa l  
a u t h o r i t i e s ,   i n c l u d i n g   t h e   i n d i v i d u a l   p l a n t   s u p e r v i s o r ,   m u s t  be i n v o l v e d .  
I n f o r m a t i o n   r e g a r d i n g   l o a d i n g   q u a n t i t y   a n d   q u a l i t y ,   d e s i g n   a n d   s t r u c t u r e  o f  
t h e   c o l l e c t i o n   s y s t e m ,   l o c a t i o n  o f  o u t f a l l s   i n c l u d i n g  CSO d i s c h a r g e   p o i n t s ,  
f requency   o f   bypasses ,   des ign   and   ope ra t i ng   capac i t y   o f   t he   p lan t ,   e t c . ,  
s h o u l d   a l l  be secured.  

- I n d u s t r i a l   P o i n t   S o u r c e s  

Perm i t t i ng   Sys tem 

As n o t e d   i n   t h e   m u n i c i p a l   s o u r c e s   s e c t i o n ,   a l t h o u g h   a n   i n d u s t r i a l   f a c i l i t y  
i s  i n  c o m p l i a n c e   w i t h   i t s   p e r m i t   o r   c o n t r o l   o r d e r ,  i t  s t i l l  may be a Source  of 
con taminants .  The f o l l o w i n g   i s   p r o v i d e d  as  background t o   t h e   r e g u l a t i o n s   i n  
b o t h   c o u n t r i e s .  

Canada 

Under   t he   f ede ra l   F i she r ies   Ac t ,   f i sh   p rocesso rs ,   mea t  and p o u l t r y   p l a n t s ,  
p o t a t o   p r o c e s s o r s ,   p e t r o l e u m   r e f i n e r i e s ,   m e t a l   m i n i n g ,   a n d   t h e   p u l p  and  paper 
i n d u s t r i e s   a r e   s u b j e c t   t o   r e g u l a t i o n s   ( f o r  new and  expand ing   p lan ts )   o r  
g u i d e l i n e s   ( f o r   e x i s t i n g   p l a n t s ) .   R e g u l a t i o n s ,   w h i c h   a r e   l e g a l l y   e n f o r c a b l e ,  
p r e s c r i b e   s p e c i f i c   e f f l u e n t   l i m i t a t i o n s ,  whereas   gu ide l ines   ind ica te   min imum 
a c c e p t a b l e   s t a n d a r d s   o f   p r a c t i c e   a n d   a r e   n o t   l e g a l l y   e n f o r c e a b l e .   P r o t e c t i o n  
o f  t h e   l o c a l   r e c e i v i n g   w a t e r   f r o m   i n d u s t r i a l   i m p a c t s   i s   n o t   e n s u r e d   b y   t h e  
a p p l i c a t i o n  o f  t h e s e   c o n s t r a i n t s .  

U n d e r   O n t a r i o   l e g i s l a t i o n ,   a l l  new o r  expanded f a c i l i t i e s  mus t   rece ive  a 
C e r t i f i c a t e   o f   A p p r o v a l   f r o m   t h e   M i n i s t r y   o f   t h e   E n v i r o n m e n t   b e f o r e  
c o n s t r u c t i o n   b e g i n s .   C u r r e n t   p r a c t i c e   i n c l u d e s   p e r m i s s i b  
b u t   a p p r o v a l s   i s s u e d   i n   t h e   p a s t  may n o t   i n c l u d e   s p e c i f i c  
d i s c h a r g e   l i m i t a t i o n s .   C e r t i f i c a t e s   o f   a p p r o v a l   a r e   a v a i  
s c r u t i n y .  

U n i t e d   S t a t e s  

l e   d i s c h a r g e   l e v e l s ,  

l a b l e   f o r   p u b l i c  
contaminant  

E v e r y   d i r e c t   d i s c h a r g e r   i s   i s s u e d  a N a t i o n a l   P o l l u t a n t   D i s c h a r g e  
E l i m i n a t i o n   S y s t e m  (NPDES) p e r m i t   w h i c h   l i m i t s   d i s c h a r g e s  o f  s p e c i f i c  
p o l l u t a n t s ,   i n c l u d i n g   t h e   c o n v e n t i o n a l   p o l l u t a n t s   s u c h   a s  B O D ,  suspended 
s o l i d s  and t o t a l   o r g a n i c   c a r b o n ,   a s   w e l l   a s   s e l e c t e d   o t h e r   s u b s t a n c e s   a s  
deemed a p p r o p r i a t e .   M o n i t o r i n g   a n d   r e p o r t i n g   r e q u i r e m e n t s   a r e   a l s o   s e t   o u t   i n  
t h e s e   p e r m i t s .  The pe rm i t s   a re   pub l i c   documen ts   wh ich   can   be   ob ta ined   t h rough  
EPA r e g i o n a l   o f f i c e s .  
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First  Screening 

a) Effluent  Guidelines 

In developing  effluent  control  programs,  guidelines have been derived 
based on  anticipated  contaminants  from  individual  processes and the  adequacy 
of available  treatment  technology  to  remove such contaminants.  These  guide- 
lines are one of the  tools used in establishing  technology-based  limits on 
discharged  substances. The guidelines  are applied uniformly  to every  facility 
in an industrial  category,  regardless of the  receiving  water  condition. 

b) Matrix  of  Priority  Pollutants  Potentially  Discharged  from  Industrial 
Categories 

Table 1 1  lists 25  industries by category and the  potential  priority 
pollutants  associated  with  each  group. A listing in this  table  does  not  mean 
that  every  facility  within  a  specific  group  discharges  a  particular  pollutant; 
rather  there is a  high  probability  that it will be discharged, based on a 
national  survey  conducted by EPA.  It  also  does  not  mean  that  other  priority 
pollutants will not be found in significant  quantities,  but in general,  the 
manufacturing  process and raw  materials  involved  do  not lead to the  discharge 
of these  unlisted  pollutants.  This  information is subject  to  change and some 
industry  groups  may  not be regulated.  For  additional  information  contact Paul 
Horvatin, U . S .  €PA,  Great  Lakes  National  Program  Office,  Chicago, IL 
(31 3-353-361 2) . 

The EPA Industrial  File  Index  System (IFIS) also  contains  chemical- 
specific  information  extracted  from  documents  supporting  the EPA 
industry-based  regulations/guidelines  issued  for 83 industrial  categories. 
The  system  cross  references  chemicals  with  the  industry-regulation  portions of 
statutes, such as  effluent  guidelines in the  Clean  Water Act and new  source 
performance  standards in the Clean Air Act. IFIS contains  over 5,000 chemical 
entries  covering  approximately 1,000 chemicals.  For  each  chemical and 
industry  listed, the following  information  is  provided: 

o Chemical  Abstracts  Service (CAS)  number 

o Uses  within  the  regulated  industry, ie. feedstocks, intermed 
products,  byproducts,  contaminants,  solvents,  etc. 

o Regulatory  status  (explicitly  regulated,  implicity  regulated 
regulated,  or unknown). 

iates, 

, not 

o Control  technology  (mostly  defined by the  Clean  Water  Act and the 
Clean Air Act  such  as  Best  Available  Technology,  Best Practical 
Technology,  Best Control Technology, etc.). 

o Precision of quantification, i.e. empirical  or  estimate. 

o Affected  media 

o Descriptor  field,  which  is  a  catch-all  for  additional  information, 
e.g. NT  means  the  chemical is not  treatable by current  methods; R L  
means  below  normal  detection  limits,  etc. 
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TABLE 11 

EFFLUENl  GUIDELINES D I V I S I O N  
PROPOSED AND FINAL RULES - P R I M A R Y  CATEGORILS 

FEDERAL REGISTER CITATIONS 
(1979 - P resen t )  

8/31  /84 

I n d u s t r y  40 C F R  PART  TYPE RULE SIGNATURE* FEDERAL REGISTER C I T A T I O N  
~~ 

o Aluminum  Forming 

o B a t t e r y   M a n u f a c t u r i n g  

o Coal   Min ing 

o C o i l   C o a t i n g  
Phase I 

467 PROPOSED 
PROMULGAT ION 

C o r r e c t i o n  

461 PROPOSED 
PROMULGATION 

C o r r e c t i o n  
C o r r e c t i o n  

434 PROPOSED 
PROMULGATION 

C o r r e c t i o n  

E x t .  of  Comnents 
Prop. Amend. 

465 

Phase 11 (Canmaking)  465 

o Copper  Forming  468 

o E l e c t r i c a l / E l e c t r o n i c  Components 
Phase I 469 

Phase I 1  469 

o E l e c t r o p l a t i n g   [ P r e t r e a t m e n t  - PSES] 413 

o Foundr ies   (Meta l   Mo ld ing   and  Cas t ing  4b4 

o Ino rgan ic   Chemica ls  
Phase I 

Phase 11 

PROPOSED 
PROMULGATION 

Amendment 
Amendment 
C o r r e c t i o n  

PROPOSED 
PROMULGATION 

C o r r e c t i o n  

PROPOSED 
PROMULGAT LON 

Amendment 

PROPOSED 
PROMULGATION 

I n t e r i m   F i n a l /  
Prop. Amend. 

F i n a l  Amendment 

PROPOSED 
PROMULGATION 

C o r r e c t i o n  

PROPOSED 
PROMULGATION 

Prop. Amend. 
Prop. Amend. 
Prop. Amend. 
Prop. Amend. 
Prop. Amend. 
Prop. Amend. 
F i n a l  Amend. 

C o r r e c t i o n  
F i n a l  Amend. 

PROPOSED 
N o t i c e  o f  

A d d i t i o n a l  
Data 

~ROMULGATION 

41 5 PROPOSED 
PROMULGATION 

C o r r e c t i o n  

41 5 PROPOSED 
PROMULGATION 

11  /05/82 
09/30/83 
02/29/84 

10/29/82 
2/27/84 
4/09/84 
7/09/84 

12/30/80 
09/30/82 

" 

12/30/80 
11  /05/82 

" 

01 /31/83 

03/29/84 
11  /08/83 

08/04/83 
10/29/82 

" 

06/11 /82 
03/31/83 
" 

02/28/83 
11  /30/83 
" 

01  /24/78 
08/09/79 

10/29/82 
" 

(1  2 /84)  

07/10/80 
06/16/82 
" 

09/30/83 
07/26/84 

47 F R  52626 
48 F R  49126 
49 F R  11629 

47 F R  51052 
49 F R  9108 
49 F R  13879 
49 F R  27946 

46 FR 3136 
47 F47 45382 
48 F R  58321 
49 F R  19240 
49 FR 24388 

46 F R  2934 
47 F R  54232 
48 FR 31403 
48 F R  41409 
49 FR 33648 

48 F R  6268 
48 F R  52380 
49 F R  14104 

47 FR 51278 
48 FR 3b942 
48 FR 41409 

47 F R  37048 
48 FR 15382 
48 F R  45249 

49 F R  5921 

48 F R  10012 
48 FR 55690 
49 F R  1056 

43 F R  6560 
44 F R  52590 
45 F R  45322 
46 F R  9462 
46 FR 55200 
46 FR 43972 
47 FR 38462 
48 FR 2776 
48 F R  32462 
48 FR 43682 
48 FR 41409 

47 F R  51512 
49 F R  10280 

45 FR 49450 
47 F R  28260 
47 FR 55226 

48 FR 49408 
49 F R  33402 

11  /22/82 

03/27/84 
10/24/83 

03/09/84 
11  /10/82 

04/09/84 
07/09/84 

01  /13/81 
10/13/82 

05/04/84 
11  /01 /83 

06/13/84 

01  /12/81 

07/08/83 
12/01  /82 

09/15/83 
08/24/84 

02/10/83 

04/10/84 
11/17/83 

11  /12/82 
08/15/83 
09/15/83 

08/24/82 
04/08/83 
10/04/83 

02/16/84 

03/09/83 

01 /09/84 
12/14/83 

02/14/78 
09/07/79 
07/03/80 
01 /28/81 
09/02/81 
09/02/81 
08/31  /82 
01 /21/83 
07/15/83 
09/26/83 
09/15/83 

11  /15/82 
03/20/84 

07/24/80 
06/29/82 
12/08/82 

08/22/84 
10/25/83 

* A d m i n i s t r a t o r ' s   s i g n a t u r e ;  ( ) i s   t h e   p r o j e c t e d   s c h e d u l e   a p p r o v e d   b y   t h e   c o u r t  on  August  25.  1982; 
October 2 6 .  1982;  August 2.  1983;  January 6, 1984;  and J u l y  5. 1984. 

NOTE: T H I S  LISTING DOES NOT INCLUDE  RULEMAKING A C T I V I T I E S  SUBSEQUENTLY PUBLISHED BETWEEN  PROPOSAL AND PROMULGAlION 

ARE I D E N T I F I E D  I N  THE PREAMBLES TO EACH PROMULGATED REGULATION. 
UNLESS THE SCHEDULED  PROMULGATION HAS NOT YET BEEN COMPI.ETED. THESE, AND PUBLICATIONS ISSUED P R I O R  TO 1979. 



8/31  /84 
EFFLUEN1 GUIOELINES D I V I S I O N  

PROPOSE0  AN0 FINAL RULES - PRIMARY CAlEGORIES 
FEDERAL REGISlER ClTAllONS 

(1979 ~ P r e s e n t )  - c o n t i n u e d  

I n d u s t r y   4 0  C F R  PAR1 

o I r o n  b Stee l   Manuf .   420 

o L e a t h e r   l a n n i n g  6 F i n i s h i n g  

o M e t a l   F i n i s h i n g  

o Non fe r rous   Me ta l s  
Phase 1 

Phase I 1  

0 Nonfer rous   Meta ls   Forming 

o Ore  Min ing 

o Organ ic   Chemica ls   and  P las t ics  a 
S y n t h e t i c   F i b e r s  

o P e s t i c i d e s  

o P e t r o l e u m   R e f i n i n g  

425 

a 413 
433 

421 

421 

471 

440 

a 416 
414 

455 

419 

T Y P E  RULE 

PROPOS€O 
PROMULGAliON 

C o r r e c t i o n  

F i n a l  Amend. 
C o r r e c t i o n  

Prop. Amend. 
C o r r e c t i o n  

F i n a l  Amend. 
C o r r e c t i o n  

C o r r e c t i o n  
C o r r e c t i o n  

PROPOSLD 
PROMULGATION 

C o r r e c t i o n /  
N o t i c e  o f  
A v a i l a b i l i t y /  
Amendment 

Amendment 
C o r r e c t i o n  
C o r r e c t i o n  
C o r r e c t i o n /  

N o t i c e  o f  
Amendment [ PSES] 

A v a i l a b i l i t y  

PROPOSED 
PROMULGAllON 

C o r r e c t i o n  
F i n a l  Amend. 

PROMULGATION 
PROPOSED 

C o r r e c t i o n  
C o r r e c t i o n  

PROPOSED 

PROMULGAT ION 

PROPOSED 
PROMULGAT ION 

PROPOSED 
PROMULGATlON 

PROPOSED 

E x t .  o f  Comnents 

N o t i c e  
( C o n f i d e n t i a l  

I n f o r m a t i o n )  
PROMULGATION 

PROPOSED 
Proposed 

( A n a l y t i c a l  
Methods) 

N o t i c e   o f  

E x t .   o f  Comnents 
A v a i l a b i l i t y  

PROMULGAllON 

PROPOSED 
PROMULGAl ION 

Prop. Amend. 

SIGNAlURE' 

05/18/82 
12/24/80 

06/13/79 
11  /07/82 

06/11 / 8 2  
07/05/83 

01  /31/83 
02/23/84 

05/15/84 

(1 1  /84) 

02/03/84 
(10 /84)  

05/25/82 
11  /05/82 

02/28/83 

(02/85) 

11 / O m 2  

(11 /84)  

11/27/79 
09/30/82 

46 F R  1858 
47 FR 23258 
47 FR 24554 
47 FR 41738 

48 F R  51773 
48 FR 46944 
48 FR 51647 
49 FR 21024 
49 FR 24726 
49 F R  25634 

44'FR  38746 
47 FR 52848 

48 FR 30115 
48 FR 31404 
48 FR 32346 
48 FR 35649 

48 FR 41409 

49 FR 17090 

47 F R  38462 
48 FR 32462 
48 FR 41409 
48 FR 43682 

48 FR 7032 
49 FR 8142 
49 FR 26739 
49 F R  29792 

49 FR 26352 
49 FR 33026 

-~ - 

49 F R  8112 
.. - 

47 FR 25682 
47 FR 54598 

48 F R  11828 

49 F R  34295 
" - 

47 FR 53994 

48 FR 6250 

49 F R  24492 
49 F R  30752 

.. - 

44 FR 75926 
47 F R  46434 
49 FR 34152 

FEDERAL  REGISTER C I T A T I O N  
~ 

01/07/81 
05/27/82 
06/07/82 
09/22/82 

11/14/83 
10/14/83 
11  /10/83 
05/17/84 
06/1  5/84 
06/22/84 

07/02/79 
11  /23/82 

06/30/83 
07/08/83 
07/15/83 
08/05/83 

09/15/83 

04/23/84 

08/31  /82 
07/15/83 
09/15/83 
09/26/83 

02/17/83 
03/08/84 
06/29/84 
01/24/84 

06/27/84 
08/20/84 "_ 
03/05/84 

" 

06/14/82 
12/03/82 

03/21  /83 

08/29/84 "_ 
11 /30/82 

02/10/83 

06/13/64 
08/01 /84 
." 

12/21  /79 

08/28/84 
10/18/82 

* A d m i n i s t r a t o r ' s   s i g n a t u r e ;  ( ) i s   t h e   p r o j e c t e d   s c h e d u l e   a p p r o v e d   b y   t h e   c o u r t   o n   A u g u s t  25.  1982; 
October  26.  1982;  August 2. 1983;  January 6. 1984;   and  Ju ly  5. 1984. 
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EFFLUENT GUIDLLINES  DIVISION 
PROPOSED AND FINAL RULES ~ PRIMARY CAlEGDRIES 

FEDERAL R E G I S l t R  C I lA l IONS 

8/31  /84 

(1979 P r e s e n t )  ~ c o n t i n u e d  
. " ~~~ ~~ 

I n d u s t r y  40 C F R  PART T Y P E  RULE SIGNAlURE* 

o P l a s t i c 5   M o l d i n g  b Forming 

o Porce la in   Ename l ing  

463 

466 

o P u l p  b Paper 
b 431 

430 

o S t e a m - E l e c t r i c  423 

* 

Pharmaceut ica ls  439 PROPOSED 
PROHULGAT I O N  

C o r r e c t i o n  
PROPOSED 

NSPS 
8 C l   c o s t  

N o t i c e  o i  
E x t e n s i o n  

A v a i l a b i l i t y  

PROPOSED 
PROHULGAT ION 

PROPOSED 
PROMULGATION 

F i n a l  Amend. 
F i n a l  Amend. 
Prop. Amend. 

PROPOSED 
PRDHULGAI ION 

N o t i c e  o i  

C o r r e c t i o n  

N o t i c e  (FDF) 
F i n a l  Amend. 

C o r r e c t i o n  
P u b l i c   H e a r i n g  

A v a i l a b i l i t y  

(NPDES d e c i s i o n )  

PROPOSED (PCB) 
E x t e n s i o n  

PROPOSED 
PROMULGATION 

F i n a l  Amend. 

T e x t i l e   M i l l s  410 PROPOSED 
PROMULGATION 

N o t i c e  o f  

C o r r e c t i o n  
A v a i l a b i l i t y  

Timber 429 PROPOSED 
PROMULGAl ION 

F i n a l  Amend. 

11  /07/82 
09/30/83 

02/03/84 
(09 /84)  

01/19/81 
11 /05/82 

.. 

.. 

12/11 /80 
10/29/82 

~- 
. -  

~. 
" 

~- 

" 

10/03/80 
11  /07/82 

" 

08/27/82 
10/16/79 

" 

~. 

01  /07/81 
10/16/79 

.. 

FEDERAL  REGISTER C I T A T I O N  

47 FR 53584 
48 F R  49808 
48 FR 50322 

48 F R  49832 
49 F R  8967 
49 F R  17978 

49 F R  27145 

49 F R  5862 
~- 

46 F R  8860 
4 1  F R  53172 
48 FR 31403 
48 F R  41409 
49 FR 18226 

46 FR 1430 
47 FR 52006 

48 FR 11451 
4 8  FR 13176 
48 F R  31414 
48 FR 43682 
48 FR 45105 

48 FR 45841 

47 FR 52066 
48 FR 2804 

45 FR 68328 
47 FR 52290 
48 F R  31404 

44 FR 62204 
47 FR 38810 

48 F R  1722 
48 FR 39624 

44 F R  62810 
46 FR 8260 
46 FR 57287 

A d m i n i s t r a t o r ' s   s i g n a t u r e ;  ( ) i s   t h e   p r o j e c t e d   s c h e d u l e   a p p r o v e d   b y   t h e   c o u r t   o n   A u g u s t  25,  1982; 
October  26,  1982;  August  2,  1983;  January 6. 1984;  and J u l y  5 .  1984. 

11  /26/82 
10/27/83 
11  /01/83 

03/09/64 
10/27/83 

04/26/04 

01/02/84 

02/15/84 "_ 

01  /27/81 
11  /24/82 
07/08/83 
09/15/83 
04/21/84 

01 /06/8l 
11  /18/82 

03/18/83 
03/30/83 
07/08/83 
09/16/83 
10/06/83 

10/07/83 

11  /18/82 
01  /21/83 

10/14/80 

07/08/63 
11  /19/82 

09/02/83 
10/29/79 

01/14/63 
09/01  /83 

01  /26/81 
10/31/79 

11  /23/81 
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I n f o r m a t i o n  on t h e   I F I S   s y s t e m   i s   a v a i l a b l e   f r o m  M s .  Dary l  Kaufman, 
U.S. EPA, Washington, D.C.  (202-382-5506). 

c )   I n v e n t o r i e s   o f   H a z a r d o u s   M a t e r i a l s  

S e v e r a l   j u r i s d i c t i o n s   i n   t h e   G r e a t   L a k e s   b a s i n   h a v e   d e v e l o p e d  l i s t s  o f  
hazardous  contaminants  used i n  t h e i r   a r e a   w h i c h :  

1)  Are  used  as a r a w   m a t e r i a l   o r   p r o c e s s   m a t e r i a l ,   o r   a r e  a b y p r o d u c t   o f  
i n d u s t r i a l   o r   m a n u f a c t u r i n g   a c t i v i t i e s .  

2 )  A r e   l o s t   o r   r e l e a s e d   i n t o   t h e   w a s t e w a t e r   s t r e a m .  

3 )  I n d i c a t e   t h e   t y p e   o f   d i s c h a r g e ,   e i t h e r   d i r e c t   o r   i n d i r e c t ,   i n t o   t h e  
r e c e i v i n g   s t r e a m .  

4 )  I n d i c a t e   a m o u n t s   o f  a s u b s t a n c e   u s e d ,   l o s t   o r   r e l e a s e d  as r e p o r t e d   o r  
e s t i m a t e d   b y   t h e   a c t i v i t y   o p e r a t o r .  

I n  1983, On ta r io   deve loped  a l i s t  o f  254  hazardous  substances  and  an 
a s s o c i a t e d   g e o g r a p h i c   u s a g e   p a t t e r n   f o r   t h e   p r o v i n c e .  However, t h i s   l i s t i n g  
does n o t   i d e n t i f y   p a r t i c u l a r   i n d u s t r i a l   l o c a t i o n s ,  and t h u s  will be o f   l i m i t e d  
use i n  d e t e r m i n i n g   d i s c h a r g e   c h a r a c t e r i s t i c s   f o r   i n d i v i d u a l   i n d u s t r i e s .  I t  i s  
ava i l ab le   f rom  the   Hazardous   Con taminan ts   Coord ina t i on   B ranch ,   On ta r io  
M i n i s t r y   o f   t h e   E n v i r o n m e n t ,   T o r o n t o ,  ON (416)  965-2401. 

As i t s   c o n t r i b u t i o n   t o   t h e   d e v e l o p m e n t   o f  a h a z a r d o u s   m a t e r i a l s   i n v e n t o r y ,  
t h e   S t a t e   o f   M i c h i g a n   h a s   d e v e l o p e d  a C r i t i c a l   M a t e r i a l s   R e g i s t e r .  A l l  
i n d u s t r i e s   a r e   r e q u i r e d   t o   r e p o r t   u s e ,   s t o r a g e   o r   d i s c h a r g e   o f   p o t e n t i a l l y  
h a z a r d o u s   m a t e r i a l s .   T h i s   i n f o r m a t i o n   i s   u s e d   i n   t h e   d e v e l o p m e n t   o f  a 
Cumulative  Hazard  Assessment  Score. 

S e l f  -Moni t o r i n g   D a t a  

Fo r   eve ry  U.S. i n d u s t r i a l   d i s c h a r g e r   i n t o   s u r f a c e   w a t e r s   i n   t h e   G r e a t  
L a k e s   b a s i n ,   m o n t h l y   e f f l u e n t   s e l f - m o n i t o r i n g   d a t a   i s   a v a i l a b l e   i n  
compu te r i zed   f o rm i n  t h e  EPA STORET e f f l u e n t   f i l e  ( E F )  (see  page  60).  These 
d a t a   i n c l u d e   f l o w  and e v e r y  pa ramete r  f o r  which m o n i t o r i n g  i s  s p e c i f i e d  i n  t h e  
d i s c h a r g e r ' s  NPDES p e r m i t .  

A l s o ,   f o r   t h e   o v e r  100 d i r e c t   i n d u s t r i a l   d i s c h a r g e r s   i n   O n t a r i o ,   m o n t h l y  
e f f l u e n t   s e l f - m o n i t o r i n g   d a t a  on conven t iona l   and  a s e l e c t e d  and l i m i t e d  
number   o f   meta ls   and  o rgan ic   con taminants   a re   co l lec ted  and  summarized 
a n n u a l l y   f o r   t h e   I J C .   T h e s e   O n t a r i o   r e c o r d s   a r e   m a i n t a i n e d   b y   t h e   C o m m i s s i o n  
i n  p r i n t e d   f o r m  and a program i s  now underway t o   i n t e g r a t e   O n t a r i o   i n d u s t r i a l  
d a t a   i n t o   t h e  EPA STORET e l e c t r o n i c   d a t a   b a s e .  The 1 9 8 4   O n t a r i o   e f f l u e n t   d a t a  
i s   a v a i l a b l e  i n  STORET and  1985  data  and  beyond will be i n c l u d e d  as  soon  as 
p r a c t i c a l .  

W h i l e   t h e s e   d a t a   s h o u l d   b e   r e v i e w e d   f o r   d i r e c t   d i s c h a r g e r s   l o c a t e d  i n  a 
d e f i n e d   A r e a  o f  Concern ,   they   a re   no t   adequate  i n   b r e a d t h   o r   p r e c i s i o n   t o  
c o n c l u s i v e l y   a s s e s s   t h e   e n v i r o n m e n t a l   i m p a c t   o f   t h e   e f f l u e n t   s t r e a m .  

- 66 - 



L i t e r a t u r e   S e a r c h  

L i t e r a t u r e   r e v i e w s   a n d  EPA, Environment Canada, s t a t e  and p r o v i n c i a l  
i n f o r m a t i o n  on d i s c h a r g e   c h a r a c t e r i s t i c s   ( i n c l u d i n g   t h e  S I C  Codes) o f  
p a r t i c u l a r   i n d u s t r i a l   s e c t o r s ,   p l u s   a n y   o t h e r   a p p r o p r i a t e   r e s e a r c h ,   c o u l d  be 
u s e f u l   i n   n a r r o w i n g   t h e   s e a r c h   f o r   p o s s i b l e   d i s c h a r g e r s .   I n  some cases, 
r e c e n t   e f f l u e n t   c h a r a c t e r i z a t i o n   s t u d i e s   o r   c o m p l i a n c e   s u r v e y s  may be 
a v a i l a b l e   e i t h e r   f r o m   t h e   j u r i s d i c t i o n s   o r   t h e   f e d e r a l   a g e n c i e s .   W h i l e  
e f f l u e n t   d a t a   c o n t a i n e d   i n   t h e s e   s t u d i e s   g e n e r a l l y   w o u l d  be s u p e r i o r   t o   t h o s e  
in   t he   annua l   I JC   d i scha rge   summar ies ,   t hey   wou ld  i n  most  cases  be i n d i c a t i v e  
r a t h e r   t h a n   s t a t i s t i c a l l y   r e p r e s e n t a t i v e   i n   q u a n t i f y i n g   m o s t   o f   t h e   d i s c h a r g e  
parameters   s tud ied .  

I n  O n t a r i o ,   t h e   r e g i o n a l   a n d   d i s t r i c t   M i n i s t r y   o f   t h e   E n v i r o n m e n t   o f f i c e s  
may h a v e   a d d i t i o n a l   d a t a   o n   e f f l u e n t   q u a l i t y  and q u a n t i t y ,  and a l though   these  
d a t a   c o u l d   b e   r e q u e s t e d ,   t h e y   a r e   f r e q u e n t l y   m a i n t a i n e d   o n  a c o n f i d e n t i a l  
b a s i s .  These o f f i c e s   s h o u l d   a l s o   b e   a b l e   t o   d e s c r i b e   i n d i v i d u a l   p r o c e s s e s  
w i t h i n   a n   i n d u s t r i a l   c o m p l e x   a n d   t h e   c o n t a m i n a n t s   p o s s i b l y   d i s c h a r g e d   i n t o   t h e  
e f  f 1 uen t .  

I n f o r m a t i o n   f r o m   t h e   i n d i v i d u a l   i n d u s t r y   s h o u l d   a l s o  be sought i n  
s p e c i f y i n g   a n d   e n h a n c i n g   t h e   i n f o r m a t i o n   b a s e .  A c o m p i l a t i o n   o f   a l l  
i n f o r m a t i o n   s h o u l d   a l l o w   d e v e l o p m e n t   o f   a n   i n d i v i d u a l   c o r p o r a t e   p r o f i l e .  

Nonpoint   Sources 

N o n p o i n t   s o u r c e s   g e n e r a l l y   c o v e r  a b r o a d ,   d i f f u s e   a r e a   t h a t  does n o t  
t e r m i n a t e   a t   t h e  end o f  a p i p e   o r   o u t l e t   s t r u c t u r e .  The n o t a b l e   e x c e p t i o n  i s  
the   combined  sewer   over f low (CSO), wh ich  may be c o n s i d e r e d   a s   e i t h e r  a p o i n t  
s o u r c e   o r  a nonpo in t   source ,   depend ing  on p h y s i c a l   c o n d i t i o n s .   F o r   t h e  
pu rposes   o f   t h i s   documen t ,   nonpo in t   sou rces   o f   po l l u t i on   have  been d i v i d e d  
i n t o   u r b a n  and r u r a l   c a t e g o r i e s .  

Urban  Nonpoint  

L a n d f i l l s  

I m p a c t s   f r o m   l a n d f i l l s  may i n c l u d e   d e g r a d a t i o n   o f   s u r f a c e   w a t e r  and 
groundwater  due t o   e l e v a t e d   g r o u n d w a t e r   t a b l e s   a n d / o r   l e a k s   f r o m  f i l l  s i t e s .  
G r o u n d w a t e r   p o l l u t i o n   f r o m   o p e r a t i n g   o r  abandoned l a n d f i l l s  may u l t i m a t e l y  
have  an  impact   on  sur face  water   resources.  Any comprehens ive   t rea tment   o f   the  
l a n d f i l l s   s o u r c e   c a t e g o r y   m u s t   i n c l u d e   s i t e s   c u r r e n t l y   a n d / o r   p r e v i o u s l y   u s e d  
f o r   d i s p o s a l  o f  domest ic   wastes,   so l id   wastes  and  hazardous  wastes.   Locat ions 
o f   l i c e n s e d  a n d   r e g u l a t e d   a c t i v e   s i t e s   s h o u l d   b e   v e r i f i e d .  Abandoned s i t e s  
may o r  may n o t  be r e a d i l y   i d e n t i f i e d .   I n   a d d i t i o n ,  abandoned f i l l s   o r  waste 
d i s p o s a l   s i t e s  may a t   p r e s e n t   b e   d e v e l o p e d   f o r   h o u s i n g ,   t r a n s p o r t a t i o n ,  
b u s i n e s s e s ,   e t c . ,   o r  may b e   a s s o c i a t e d   w i t h  an a c t i v e   m a n u f a c t u r i n g   o p e r a t i o n .  

I n v e n t o r i e s   o f   a c t i v e   o r  abandoned f i l l s  may be a v a i l a b l e   a t   t h e  
m u n i c i p a l ,   s t a t e   o r   p r o v i n c i a l   j u r i s d i c t i o n a l   l e v e l .   D a t a  on a c t i v e   s i t e s  may 
i n c l u d e   v o l u m e   o r  f i l l  mass p e r   t i m e   p e r i o d ,   t y p e   o f   m a t e r i a l   b e i n g   d i s p o s e d  
o f  and   ope ra t i ona l  management p r o c e d u r e s .   H i s t o r i c a l   d a t a   o u t l i n i n g   l o c a t i o n ,  
types a n d   q u a n t i t i e s  o f  m a t e r i a l s   d i s p o s e d  o f ,  o p e r a t i o n a l   d a t a ,  and 
a s s o c i a t e d   e n v i r o n m e n t a l   d e g r a d a t i o n   a l l e g a t i o n s  may be a v a i l a b l e   f o r   i n a c t i v e  
o r  abandoned s i t e s .   I n   t h e   U n i t e d   S t a t e s ,   t h e s e   d a t a   a r e   c o n t a i n e d   i n   t h e  
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comprehensive  Environmental  Response  Compensation  and L i a b i l i t y   I n f o r m a t i o n  
Sys t e m .  

I n   O n t a r i o ,   t h e  Waste  Management  Branch o f   t h e   O n t a r i o   M i n i s t r y   o f   t h e  
Env i ronment   ma in ta ins  a r e g i s t r y   o f   c l o s e d  and a c t i v e   l a n d f i l l   s i t e s .   T h i s  
i n v e n t o r y   c a n   p r o v i d e   i n f o r m a t i o n   o n   t h e   l o c a t i o n ,   a p p r o x i m a t e   s i z e   a n d   t y p e  
o f  dumped waste.   Since  1972, a l l   a c t i v e   s i t e s   o p e r a t e   u n d e r  a c e r t i f i c a t e  
f r o m   t h e   M i n i s t r y .  The m a j o r i t y   o f   t h o s e   t h a t   c e a s e d   o p e r a t i o n   p r i o r   t o  1972 
a l s o   s h o u l d   b e   l i s t e d   i n   t h e s e   r e c o r d s .  The Canadian  federal   government 
m a i n t a i n s  a r e c o r d   o f   l a n d f i l l   s i t e s  o n   f e d e r a l   p r o p e r t y   i n   O n t a r i o ;   h o w e v e r ,  
i n v e s t i g a t o r s   s h o u l d   r e v i e w   l a n d   t i t l e s ,   h i s t o r i c a l   r e c o r d s ,   e t c . ,   t o   e n s u r e  
t h a t  a long  abandoned s i t e   i s   n o t   o v e r l o o k e d .  

An example  of  a g roundwate r   con tamina t ion   i nven to ry   i s   "Assessmen t  o f  
Groundwater   Contaminat ion :   Inventory   o f   S i tes , "   Groundwater  Management 
S t ra tegy   fo r   M ich igan,   Task   3 ,   Ju ly   1982,   M ich igan  Depar tment   o f   Natura l  
Resources ,   Groundwate r   Qua l i t y   D iv i s ion ,  P . O .  Box 30028,  Lansing, M I  48909. 
T h i s   i n v e n t o r y   l i s t s   l o c a t i o n ,   c o n t a m i n a t i o n   s o u r c e  and t y p e ,   e x t e n t   o f  
con tamina t ion ,   documen ta t i on   s ta tus  and r e m e d i a l   a c t i o n .  

I f ,  a f t e r   e x a m i n a t i o n  o f  l a n d f i l l   i n v e n t o r i e s  and i n c i d e n t s   o f  known 
groundwater   con taminat ion ,  it i s  d e t e r m i n e d   t h a t   t h e r e   a r e   l a n d f i l l s  
c o n t a i n i n g   s i g n i f i c a n t   q u a n t i t i e s   o f   h a z a r d o u s   m a t e r i a l s   o r   t h e   g r o u n d w a t e r  i s  
c o n t a m i n a t e d   w i t h i n   t h e   b o u n d a r i e s   o f   t h e   A r e a   o f   C o n c e r n ,   c o n t a i n m e n t  
s t r u c t u r e s   m u s t   b e   e v a l u a t e d   f o r :   ( a )   t h e   l i k e l i h o o d   t h a t   w a s t e s  will be 
r e l e a s e d   t o   t h e   e n v i r o n m e n t ;   a n d   ( b )   t h e   r a t e   a t   w h i c h   s u c h   r e l e a s e s   o c c u r   o r  
w i  11 occu r .  

Release movement p o t e n t i a l  i s  a f u n c t i o n   o f   t h e   s t r u c t u r a l   i n t e g r i t y   o f  
t h e   c o n t a i n m e n t   a n d   t h e   p h y s i c a l   s t a t e   o f   t h e   w a s t e   m a t e r i a l s .   R e c o g n i z i n g  
t h a t   p e r f e c t   c o n t a i n m e n t   i s   r a r e l y   a c h i e v e d  and t h a t   d e t a i l e d   i n f o r m a t i o n  
r e g a r d i n g   c o n t a i n m e n t   i s   n o t   n o r m a l l y   a v a i l a b l e   o r  may n o t   e x i s t ,   s i t e  
conta inment   should  be  c lass i f ied  as  I ladequate,"   n inadequate l l   or   "unknown."  

'lo be  cons idered  an  adequate  conta inment ,   the f i l e   o r   s i t e   v i s i t  
i n f o r m a t i o n   m u s t   i n d i c a t e   t h a t   t h e   s t r u c t u r e ' s   d e s i g n ,   c o n s t r u c t i o n  and 
o p e r a t i o n   e f f e c t i v e l y   p r e v e n t   c h e m i c a l   e m i s s i o n s   f r o m   e n t e r i n g   t h e  
env i ronment .   Conta inment   must   there fore   be   unquest ionab ly   adequate  i n  o r d e r  
t o  be  scored  as  such. Any c o n d i t i o n   l e s s   t h a n   u n q u e s t i o n a b l y   a d e q u a t e   s h o u l d  
be   scored  as   inadequate   o r  unknown  and then  be  considered  as a p o s s i b l e   s o u r c e  
o f  p o l l u t i o n .  

I f  conta inment  i s   c o n s i d e r e d   i n a d e q u a t e ,  a hyd rogeo log ica l   s tudy   mus t  be 
i n i t i a t e d   t o   v e r i f y  i f  w a s t e   m a t e r i a l   i s   l e a k i n g   f r o m   t h e  f i l l  s i t e ,   a t  what 
r a t e  and i n  w h a t   d i r e c t i o n .   R a t e   a n d   d i r e c t i o n   d a t a ,   a l o n g   w i t h   d a t a   o n  
chemica l   compos i t ion ,  will p r o v i d e   a n   e s t i m a t e  o f  p o t e n t i a l   o r   a c t u a l   l o a d i n g s  
i n t o   t h e   r e c e i v i n g   s t r e a m .  

An example  on how t o  c o n d u c t   h y d r o g e o l o g i c a l   s t u d i e s   i s   c o n t a i n e d   i n  
"Hydrogeo log ic   S tudy  Handbook,''  Task 7 o f   Groundwater  Management S t r a t e g y   f o r  
Michigan,  March  1982,  Michigan  Department o f  Natural   Resources,  Groundwater 
Q u a l i t y   D i v i s i o n ,  P.O. Box 30028,  Lansing, M I  48909. 
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Leak ing   Underground  S torage  lanks  

Leak ing   underground  s to rage  tanks  ( L . U . S . 7 . )  c o n t a i n   a n y  number  and 
q u a n t i t y   o f   c h e m i c a l s   ( g e n e r a l l y   g a s o l i n e )  and may pose a t h r e a t   t o   t h e  
subsur face   wa te r   t ab le .   Tanks  may deve lop   leaks   th rough  punc ture ,  a c o n d i t i o n  
which  creates  low  volume  losses.  These  low  volume  losses may be b a r e l y  
d e t e c t a b l e   o v e r  a s h o r t   t i m e ;   c o n s e q u e n t l y ,   c o n t a m i n a t i o n   a s s o c i a t e d   w i t h  
l e a k i n g   t a n k s  may be  over looked.  

Da ta   rega rd ing   l eak ing   t anks   a re   i n f requen t ,   scan t   and   d i spa ra te .  
G e n e r a l l y ,   m o s t   i n c i d e n t s   o f   t a n k   l e a k a g e   a r e   f o u n d   i n   r e s p o n s e   t o  an 
emergency s i t u a t i o n .  Some d a t a   p e r t a i n i n g   t o   t h e  age o f   t h e   t a n k ,   t y p e  and 
vo lume  o f   ma te r ia l   be ing   s to red ,   and   any  known leak   even ts  may b e   a v a i l a b l e  
f r o m   l o c a l   l e v e l s   o f   g o v e r n m e n t .  

The O n t a r i o   M i n i s t r y   o f  Consumer  and  Commercial R e l a t i o n s  i s  p ropos ing   an  
i n v e n t o r y  o f  a l l  u n d e r g r o u n d   f u e l   s t o r a g e   t a n k s   i n   u r b a n   a n d   r u r a l   s e t t i n g s .  
l h e   M i n i s t r y  has j u r i s d i c t i o n   o v e r   t h e  use   and  ma in tenance  o f   these  fue l  
s t o r a g e   t a n k s .   W h i l e   t h e   u n d e r g r o u n d   f u e l   s t o r a g e   t a n k s   l o c a t e d   a t   t h e  8400 
r e t a i l   f a c i l i t i e s   i n   t h e   p r o v i n c e   a r e   w e l l   c a t a l o g u e d  and  a re  now s u b j e c t   t o  a 
program  which will u p g r a d e   o r   r e p l a c e   a l l   t a n k s   b y   1 9 9 1 ,   p r i v a t e   f a r m   s t o r a g e  
t a n k   l o c a t i o n s   a r e   n o t   w e l l   d o c u m e n t e d .  The Ontar io   Cabinet   has  approved a 
program t o   r e g i s t e r   a l l   t a n k s   w i t h i n   t h e   n e x t   f e w   y e a r s  and t h e   M i n i s t r y   i s  
now l o c a t i n g   t h e   r e s o u r c e s   t o   d o  so .  

Combined  Sewer Overf lows  and  Stormwater 

R a i n f a l l   r e s u l t s   i n   r u n o f f   o v e r   r o a d s ,   p a r k i n g   l o t s ,   r o o f s ,   e t c . ,   w i t h  
u l t i m a t e   d i s c h a r g e   t o   w a t e r   c o u r s e s  or w a t e r b o d i e s .   T h i s   r u n o f f   c o n t a i n s  
p o l l u t a n t s   s u c h  as s t r e e t   l i t t e r ,   a u t o m o t i v e   l u b r i c a n t s ,   d e - i c i n g  compounds 
and  contaminants   washed  f rom  the  a tmosphere.   However ,   ne i ther   the  quant i ty  
n o r   q u a l i t y   o f   s t o r m w a t e r   r u n o f f   a r e   d e t e r m i n e d   o n  a r o u t i n e   b a s i s   i n  
communit ies i n   t h e   G r e a t  Lakes  bas in.  

As no ted  on  page 58, most   u rban  cent res  i n   t h e   G r e a t  Lakes  basin  have 
combined  s torm  and  sani tary   sewers  wi th   newer  areas  hav ing  separated  sewers.  
I f  the  combined  sewers  cannot   be  t reated as  po in t   sources   (see   page 5 9 ) ,  t h e y  
will have t o  be   cons ide red   nonpo in t   sou rces ,   a long   w i th   separa ted   s to rm 
sewers. I n   t h i s   c a s e ,   t h e i r   i m p a c t  will have t o  be  assessed  by  develop ing 
u n i t   a r e a   l o a d s   ( p a g e  70) o r   us ing   mode l i ng   (page   86 ) .  

Sp i  11s 

A c c i d e n t a l   s p i l l s   f r o m   m a n u f a c t u r i n g   o p e r a t i o n s ,   s i t e - m a i n t a i n e d   t a n k s ,   o r  
f r o m   t r a n s p o r t a t i o n   o r   t r a n s f e r  may e n t e r   w a t e r w a y s   d i r e c t l y   o r   i n d i r e c t l y   v i a  
c o n t a m i n a t e d   s o i l s .  

Records   a re   ma in ta ined  by   var ious   governmenta l   agenc ies  and may i n c l u d e  
d a t e ,   e s t i m a t e d   v o l u m e ,   t y p e   o f   s u b s t a n c e ,   r e c e i v i n g   s t r e a m   a f f e c t e d  and  any 
env i ronmenta l   impacts   on   spec ies .   F ish  and w i l d l i f e   a g e n c i e s   a l s o  may have 
d a t a   r e l a t e d   t o   s p i l l s  and a s s o c i a t e d   i m p a c t s   o n   t e r r e s t r i a l  and a q u a t i c   l i f e .  
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Unit Area Load (UAL) Estimation 

Nonpoint  sources  represent  the  cumulative  effect of a large number of 
.diffuse  sources that are  difficult  to  identify, let alone  quantify.  For  some 
parameters,  such  as total phosphorus, suspended solids and metals,  an  approach 
is available to estimate  loadings  from  these  sources  (Heidtke,  et al. 1985) .  
Information required to  develop  these preliminary estimates  include land use 
and soil texture.  Table 12 is an example of a UAL matrix for total phosphorus 
in the Lower Fox River  watershed. A more  comprehensive  discussion of nonpoint 
source loading estimation is available in the modeling  section (page 86). 

TABLE  12 
TOTAL  PHOSPHORUS  UAL MATRIX (kg P/ha year) 

SOIL  TEXlURE 
LAND USE COARSE ME0 I UM F I N E  

Residential 
High  Tillage Cropland 
Low  Tillage Cropland 
Pasture 
Woodland/Residual 

0.06 
0 .55  
0.22 
0.06 - 

0.13 
0.74 
0.29 
0.07 
0.02 

0.18 
0.92 
0.37 
0.09 
0.04 

For each sub basin requiring a preliminary loading estimate,  the proper 
values  are selected from  the  matrix and multiplied by the  sub basin area t o  
calculate  the estimated  annual  loading. All subbasins in the Area of Concern 
are  summed and the  resultant loading  compared to  other  sources. If nonpoint 
loading appears  to  be an important  fraction of the  total, it  becomes a 
suspected  source  for detailed assessments as  outlined in Section 4.5. 

Rural 

Landfills 

Rural landfills tend to be dominated by sanitary  rather  than industrial 
and hazardous  wastes,  simply  due to location. However, i f  they have been 
operational  for  some  time, it should  not be assumed that  significant 
quantities of industrial wastes  or  pesticides  are  absent.  Refer  to page 67 
for  additional  information  on potential  impacts and data  sources. 

Leaking  Underground Storage  Tanks 

Storage  tanks  for  gasoline and home heating fuel are  frequently found at 
farmsteads.  Deterioration of these  tanks may cause leakages of stored 
material.  Refer to  the  previous  discussion on page 69. 

Agricultural Drainage and Runoff 

Few, if any,  direct  measurements  exist  for  drainage and runoff  contaminant 
contents  from individual acreages in the watershed of the  current Areas of 
Concern;  however,  information  exists  which  allows  some  estimation of the 
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e x t e n t   t o   w h i c h   d r a i n a g e   a n d   r u n o f f   a r e   c o n t a m i n a t e d   b y   c o n v e n t i o n a l  
p o l l u t a n t s  a n d   p e s t i c i d e s .  

E s t i m a t i o n   o f   P e s t i c i d e   a n d   F e r t i l i z e r   A p p l i c a t i o n   R a t e s  

I n   O n t a r i o ,   p e s t i c i d e   u s e   i s   e s t i m a t e d   e v e r y   f i v e   y e a r s   u s i n g  a 
q u e s t i o n n a i r e   t o   s u r v e y  a r e p r e s e n t a t i v e   s a m p l e   o f   f a r m e r s   i n   e a c h   c o u n t y .  
Est imates  o f   use  for   1973,   1978  and  1983  are now a v a i l a b l e .   A p p r o x i m a t e l y  
8 , 0 0 0   t o n n e s   o f   a g r i c u l t u r a l   p e s t i c i d e s   a r e   u s e d   a n n u a l l y   i n   O n t a r i o .  
Sam S i n g e r   o f   t h e   O n t a r i o   M i n i s t r y   o f   A g r i c u l t u r e  and  Food  (416-965-9921)  can 
p r o v i d e   d e t a i l s  on t h i s  program. 

The U.S. Depar tment   o f  Commerce (U.S. D O C ) ,  Bureau o f  Census  has c o l l e c t e d  
s i m i l a r   d a t a   b y   t y p e   o r   c a t e g o r y   o f   p e s t i c i d e  on t h e  number of   acres  where 
p e s t i c i d e s   o r   o t h e r   c h e m i c a l s   h a v e   b e e n   u s e d .   T h e y   a l s o   e s t i m a t e   t h e   d o l l a r s  
s p e n t   o n   a g r i c u l t u r a l   c h e m i c a l s   o t h e r   t h a n   c o m m e r c i a l   f e r t i l i z e r .   D a t a   a r e  
a v a i l a b l e   f o r  1978  and  1982. The same depar tmen t   a l so   ma in ta ins   da ta   on   t he  
a c r e s   o f   c r o p l a n d ,   p a s t u r e   l a n d   a n d   r a n g e   l a n d   f e r t i l i z e d   i n   1 9 8 2   a s   w e l l  as 
e x p e n d i t u r e s   f o r   c o m m e r c i a l   f e r t i l i z e r .  

The EPA has  used t h e  U.S. DOC d a t a   t o   d e r i v e   c o u n t y   l e v e l   u s e   e s t i m a t e s  
f o r  52 p e s t i c i d e s .  The  Economic  Analys is   Branch,   Benef i ts   and Uses D i v i s i o n ,  
O f f i c e   o f   P e s t i c i d e s   P r o g r a m s   i s   r e s p o n s i b l e   f o r   d e v e l o p i n g   t h i s   e s t i m a t i o n  
t e c h n i q u e .   P a r t   o f   t h i s   s u r v e y   i s   a v a i l a b l e   i n  a D Base 111 fo rma t   on   f l oppy  
d i s k .  Ron L a u s t e r   o f   t h e  U.S. D e p a r t m e n t   o f   A g r i c u l t u r e ,   S o i l   C o n s e r v a t i o n  
Serv ice   (202-382-8524) ,   can   p rov ide   in fo rmat ion   on   th is   p rogram.  

Resources f o r   t h e   F u t u r e ,  a Washington-based  foundat ion,   a lso  has 
developed a d a t a   b a s e   f o r   q u a n t i f i c a t i o n  o f  n o n p o i n t   s o u r c e   w a t e r   p o l l u t i o n  
problems.  The contaminants   es t imated   a re ,   w i th   few  except ions ,   convent iona l  
and   heavy   me ta l   po l l u tan ts .   Sed imen ta t i on   ra tes   a re   a l so   es t ima ted .   O the r  
a s p e c t s   o f   t h e  RFF d a t a   d e a l   w i t h   p o i n t  and  u rban  d ischargers .   Fur ther  
i n fo rma t ion   can   be   ob ta ined   f rom  Resources   f o r   t he   Fu tu re ,   Wash ing ton ,  D . C . ,  
o r   t h rough   the   Nonpo in t   Source   Subcommi t tee ,   Wate r   Qua l i t y   Board ,  
I n t e r n a t i o n a l   J o i n t   C o m m i s s i o n .  

Land Use and  Geology 

V a r i o u s   l a n d   u s e s ,   p a r t i c u l a r l y   a g r i c u l t u r a l   u s e s ,  may increase  sediment ,  
n u t r i e n t  a n d   p e s t i c i d e   l o a d s .   D r a i n a g e   t h r o u g h ,   o r   o v e r ,   s t r a t a   w h i c h   c o n t a i n  
n a t u r a l l y   o c c u r r i n g   m e t a l s  may serve  as a background  source o f  con tamina t ion .  
W h i l e   l a n d   u s e   i n v e n t o r i e s   a n d   g e o l o g i c a l  maps a r e   a v a i l a b l e   f r o m   j u r i s -  
d i c t i o n a l   a g e n c i e s ,   d a t a   b a s e s   d e l i n e a t i n g   t h e i r   i m p a c t   o n   t h e   a q u a t i c  
env i ronment   a re   no t   comprehens ive .  

S p i l l s  

R e f e r   t o   u r b a n   n o n p o i n t   s p i l l s   s e c t i o n ,  page  69. 

U n i t  Area  Load E s t i m a t i o n  

R e f e r   t o   u r b a n   n o n p o i n t   u n i t   a r e a   l o a d   s e c t i o n ,   p a g e  70. 
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4 . 4  DETAILED  SCREENING OF SUSPECTED  SOURCES 

Introduction 

The screening  procedures  outlined in the  preceding  sections  were  designed 
t o  identify  candidate  pollutant  sources.  These  candidate  sources  must be 
verified  as  contributors  and  their  significance  determined.  The  following 
section will recommend  some  bioassay  procedures  that  will  establish  the 
potential  biological significance of identified  sources.  The  recommended 
procedures  are  intended to  meet  the  first  three of the  five  categories of use 
impairment  considered in the  Areas of  Concern  development.  The  last  two 
categories  are  covered in sections 4.4.2. These  five  categories  are: 

Evident,  repeated and documented  fish  kills  and/or  depressed  or 
unusual  aquatic  community  structure  as  compared  with  potential or 
anticipated  capacity  of the environment. 

Accumulation of pollutants in tissues of resident  aquatic  biota  to  a 
level where  a  consumptive  warning has  been  issued.  Such 
accumulations  are  symptomatic of a  sublethal  or  chronic  condition 
that may also  result in a  depressed  biotic  potential  as  identified in 
(a) above, and are  elevated  with  respect  to  lakewide  or  Great  Lakes 
basin-wide  data. 

Presence of tumors/cancers  or  deformities in resident  aquatic  biota 
at  frequencies  greater  than background  levels.  Such a  finding is 
indicative of the  presence of pollutants  that  may or may  not 
bioaccumulate and may or may  not  result in depressed  biotic  potential. 

Unsuitable  water  quality,  identified by violation of drinking  water 
standards,  aquatic  life  protection  guidelines  or  other  water  quality 
standards or  objectives, e.9.  aesthetics. 

Pollutants  present in sediments in excess of specific  sediment 
criteria for  the  disposal of dredged  material  or  other  applicable 
sediment  guidelines. 

Bioassays 

The  first  step is to  determine if a potential  source is acutely  lethal. 
The  two  recommended  standard  tests  for  acute  lethality  are  the  rainbow  trout 
and  fathead  minnow  static  bioassays (96 hours LCSO). It should be noted 
that the  choice  between  the two tests is  predicated  not  only on laboratory 
capabilities  or  agency  preference  but  also on ambient  conditions. If the 
receiving  body of water is classified  as  warm  water,  the  fathead  minnow 
bioassay  would be appropriate;  conversely, if classified  as cool/cold water, 
the  rainbow  trout  bioassay  should be considered. 

Acute bioassays  should be performed in conjunction  with an effluent 
chemical  analysis  which will be used in calculating  the  relative  contribution 
of the  source  to  the  problem  (see  section 4 . 5 ) .  Positive  results  verify  the 
contribution of the  candidate  source  to  the  problem. 
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The a c u t e   s t a t i c   l e t h a l i t y   t e s t  will p e r m i t   t h e   c a l c u l a t i o n  
( i n t e r p o l a t i o n )   o f  a LCSO v a l u e l .   T h i s   i n f o r m a t i o n  will be  used   f u r the r  
t o   d e t e r m i n e   t h e   d i l u t i o n   o r   p e r c e n t   r e d u c t i o n   i n   e f f l u e n t   c o n c e n t r a t i o n  
n e c e s s a r y   t o   r e n d e r   t h e   e f f l u e n t   n o n l e t h a l ,   t h u s   a l l o w i n g   c h r o n i c  and 
b ioconcen t ra t i on   assays   t o   be   conduc ted .  

I f  t h e   t e s t   r e s u l t s   a r e   n e g a t i v e ,   t w o   p o s s i b i l i t i e s   m u s t   b e   c o n s i d e r e d  
b e f o r e   e l i m i n a t i n g   t h e   c a n d i d a t e   s o u r c e   a s  a c o n t r i b u t o r   t o  an  acute  problem. 
F i r s t ,   t h e   s o u r c e  may be a p rob lem i n  c o m b i n a t i o n   w i t h   t h e   a m b i e n t  
c o n d i t i o n s .   T h i s   s i t u a t i o n   i s  commonly r e f e r r e d   t o  as a s y n e r g i s t i c  
e n v i r o n m e n t a l   e f f e c t .   I n   t h i s   c a s e   t h e   i n   s i t u   t e s t   r e s u l t s  recommended i n  
the   wa te r   and   sed imen t   sec t i ons   mus t   be   eva lua ted .  I f  r e s u l t s   f r o m   t h e  
b i o a s s a y   a n d   t h e   w a t e r   a n d   s e d i m e n t s   t e s t   a r e   a l l   n e g a t i v e ,   t h e n   a n  
i n t e r m i t t e n t l y   t o x i c   s o u r c e   i s  a second p o s s i b i l i t y ,  and a c h r o n i c   l e t h a l i t y  
f l o w - t h r o u g h   t e s t   o r   i n - p l a n t   m o n i t o r i n g   i s   r e q u i r e d .  A p o s i t i v e   r e s u l t   f r o m  
t h i s   l a t t e r   t e s t   v e r i f i e s   t h e   c a n d i d a t e   s o u r c e   a s  a c o n t r i b u t o r  and i t s  
r e l a t i v e   c o n t r i b u t i o n  needs t o  be  determined.  

S ince   conduc t ing  a f l o w - t h r o u g h / i n - p l a n t   t e s t   i s   e x p e n s i v e ,  a d e t a i l e d  
p r o c e s s   c h a r a c t e r i z a t i o n   ( s e e   p a g e  80) s h o u l d   f i r s t  be  a t tempted.  It may a l s o  
b e   p o s s i b l e   t o   c o n d u c t  a s e r i e s   o f   l e s s   e x p e n s i v e   s t a t i c   a c u t e   l e t h a l i t y  
b ioassays  when v a r i o u s   b a t c h   p r o c e s s e s   a r e   o p e r a t i n g   w i t h i n   t h e   p l a n t .  I f  
t h i s   i s   n o t   p o s s i b l e ,   t h e   f l o w - t h r o u g h / i n - p l a n t   t e s t   m u s t  be  employed. 

The n e x t   s t e p   i s   t o   d e t e r m i n e  i f  a p o t e n t i a l   s o u r c e   i s   c o n t r i b u t i n g   t o   t h e  
o t h e r   l i s t e d   p r o b l e m s ,   i . e .   b i o a c c u m u l a t i o n   a n d / o r   s u b l e t h a l / c h r o n i c  
t o x i c i t y .   S e v e r a l   b i o a c c u m u l a t i o n   t e s t s   a r e   a v a i l a b l e   f o r   v e r i f i c a t i o n   o f  a 
cand ida te   source   as  a c o n t r i b u t o r   t o   t h e   d e s i g n a t e d   p r o b l e m .  These t e s t s  
i n c l u d e ,   b u t   a r e   n o t   l i m i t e d   t o ,   s u b j e c t i n g  caged  organisms t o   t h e   c a n d i d a t e  
s o u r c e   e f f l u e n t   f o r   v a r i o u s   l e n g t h s   o f   t i m e ,   e . g .   b e t w e e n  14 t o  28 days. 
T i s s u e   f r o m   t h e   t e s t   o r g a n i s m s   i s   a n a l y z e d   f o r   c o n t a m i n a n t   c o n c e n t r a t i o n   a n d  
compared t o   c o n t r o l s   t o   a s s e s s   t h e   d e g r e e   o f   b i o u p t a k e .  The organisms  used i n  
t h i s   t y p e   o f   t e s t   c o u l d   i n c l u d e :   l a r v a l   f i s h ,   e . g .   f a t h e a d   m i n n o w s ,   s p o t t a i l  
s h i n e r s ;   r a i n b o w   o r   b r o w n   t r o u t ,   a n d   c l a m s .   P r o t o c o l s   f o r   t h e s e   t e s t s   a r e  
r e f e r e n c e d   i n   t h e   B i o t a   S e c t i o n  ( 3 ) .  These t e s t s   a r e   n o t  as y e t   s t a n d a r d i z e d  
f o r   s o u r c e   e v a l u a t i o n ,   t h e r e f o r e ,   t h e   p r o t o c o l s   a n d   d e t e r m i n a t i o n s   a r e   n o t   y e t  
u n i v e r s a l l y   a c c e p t e d .  

I n   a d d i t i o n   t o   t h e   a c u t e   l e t h a l i t y  and   b ioconcen t ra t i on   assays ,  a t e s t  
should  be  performed t o   d e t e r m i n e   t h e   p o t e n t i a l   e f f e c t s   o f   a n   e f f l u e n t  on 
rep roduc t i ve   success .  The  recommended t e s t s   a r e   d e s c r i b e d   i n   t h e   B i o t a  
S e c t i o n  ( 3 )  o f   t h i s  d o c u m e n t .   P o s i t i v e   r e s u l t s   f r o m   t h e s e   t e s t s   v e r i f y   t h e  
candidate  source  as a c o n t r i b u t o r   t o   t h e   d e s i g n a t e d   p r o b l e m .  

The  more s i n i s t e r   a s p e c t   o f   g e n o t o x i c i t y   p r e s e n t s   t h e   i n v e s t i g a t o r   w i t h  a 
complex   se t   o f   p rob lems.   Inc idences   o f   neop lasms and d e f o r m i t i e s   i n   f i s h  and 
i n v e r t e b r a t e   s p e c i e s   i n  many areas   th roughout   the   Great   Lakes   bas in   a re   be ing  
r e p o r t e d   w i t h   i n c r e a s i n g   r e g u l a r i t y .  It i s   d i f f i c u l t   t o   d e t e r m i n e   t h e   r a t e   a t  
wh ich   these  p rob lems  deve loped  as   they  may have   been   p resen t   f o r  some t i m e   b u t  
have  on ly   been  recent ly   documented . 

- 
~ L C S O  i s   t h e   c o n c e n t r a t i o n   a t   w h i c h  50% o f   t h e   t e s t   o r g a n i s m s   d i e   o v e r  a 
p r e s c r i b e d   t i m e   p e r i o d .  
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Numerous s h o r t - t e r m   b i o a s s a y s   a r e   c u r r e n t l y   a v a i l a b l e   t o   d e t e c t   t h e  
p o t e n t i a l   m u t a g e n i c i t y ,   c a r c i n o g e n i c i t y  and t e r a t o g e n i c i t y   o f   c h e m i c a l s .  
These  b ioassays   were   deve loped  and  va l ida ted   us ing   ind iv idua l   con taminants ;  
t h e i r   p r i n c i p a l   u t i l i t y   i s   t o   e v a l u a t e   t h e   h a z a r d   o f  numerous  chemicals  on a 
s i n g l e   e x p o s u r e   b a s i s .   H o w e v e r ,   t h e   p o t e n t i a l   g e n o t o x i c   h a z a r d   i s   u s u a l l y  
p r e s e n t   i n   t h e   e c o s y s t e m  i n  the   f o rm  o f   comp lex   chemica l   m ix tu res   wh ich  may 
c o n t i n u a l l y   u n d e r g o   f u r t h e r   c h e m i c a l   a n d   b i o l o g i c a l   t r a n s f o r m a t i o n s   i n   t h e  
e n v i r o n m e n t .   B i o l o g i c a l   e x p o s u r e   i s ,   t h e r e f o r e ,   m o r e  commonly a m u l t i f a c t o r  
phenomenon. I n  a r e a s   w h e r e   e n d e m i c   s p e c i e s   a r e   a f f e c t e d ,   t h e r e   i s  a c l e a r  
need t o   i n v e s t i g a t e   t h e   s e d i m e n t s   a n d   t h e   s o u r c e s   f o r   g e n o t o x i c   p o t e n t i a l .  

C h e m i c a l   a n a l y s i s   c a n   b e   u s e d   t o   d e t e c t  known hazardous  compounds, 
p r o v i d e d   t h e   e x t r a c t i o n   p r o c e d u r e s   a n d   d e t e c t i o n  limits a r e   a p p r o p r i a t e  and 
t h e   c h e m i c a l   a n d   b i o l o g i c a l   t r a n s f o r m a t i o n   p r o d u c t s   a r e  known.  This i s  an 
ex t reme ly   t ime   consuming   and   expens ive   t ask   wh ich   i gno res   t he   f ac t   t ha t  a 
b i o l o g i c a l   e f f e c t   c a n n o t   b e   r e l i a b l y   p r e d i c t e d   s o l e l y   f r o m  a knowledge  of  i t s  
c o n s t i t u e n t s .   T h e r e f o r e ,   t h e   w h o l e   e f f l u e n t   s h o u l d  be   sub jec ted  t o  b ioassay 
t e s t i n g   p r i o r   t o   e v a l u a t i n g   i t s   c o n s t i t u e n t s   f o r   g e n o t o x i c i t y   ( s e e  Bergmar 
" e t   a l .  1986) .  

The f a c t   t h a t   b i o a s s a y s   a l o n e   c a n n o t   e s t a b l i s h   w h i c h   i n d i v i d u a l  
c o n s t i t u e n t ( s )   o f   a n   e f f l u e n t   o r   s e d i m e n t   a r e   r e s p o n s i b l e   f o r   t h e   b i o l o g i c a l  
a c t i v i t y   o b s e r v e d   s u g g e s t s   t h e   n e e d   f o r  a s t e p w i s e   a n d   i t e r a t i v e   a p p l i c a t i o n  
o f   c h e m i c a l   a n d   b i o l o g i c a l   m e t h o d s   t o   e v a l u a t e   t h e   g e n o t o x i c   h a z a r d   a s s o c i a t e d  
w i t h   c o m p l e x   e n v i r o n m e n t a l   m i x t u r e s .   C h e m i c a l   f r a c t i o n a t i o n   c o u p l e d   w i t h  
b ioassays  may e n a b l e   t h e   i n v e s t i g a t o r   t o   i s o l a t e   t h e   i n d i v i d u a l   c h e m i c a l   a g e n t  
r e s p o n s i b l e   f o r   t h e   o b s e r v e d   b i o l o g i c a l   e f f e c t .  

Complex m i x t u r e s  may be  separated  and  bioassayed i n   d e f i n e d   c h e m i c a l  
f r a c t i o n s .  The r e s u l t s   o f   t h e s e   s h o r t - t e r m   s c r e e n i n g   t e s t s   c a n   t h e n  be  used 
t o   g u i d e   f u r t h e r   f r a c t i o n a t i o n ,   l e a d i n g   t o  a more   comprehens ive   b io log ica l  
t e s t i n g   p r o g r a m .   F o r  a d e t a i l e d   d i s c u s s i o n   o f   c h e m i c a l  and b i o l o g i c a l  
p r o c e d u r e s   r e f e r   t o   W a l t e r s   e t   a l .  1980 a n d   P a r k h u r s t   e t  a l .  1979. 

Many t y p e s   o f   d a t a  may be  needed t o   g u i d e   d e c i s i o n s  on d e a l i n g   w i t h  
c o m p l e x   e f f l u e n t s   w i t h   g e n o t o x i c   p r o p e r t i e s   t h a t   e n t e r   t h e   a q u a t i c   e c o s y s t e m .  
It may be  necessary t o   d e f i n e   p o s s i b l e   r i s k   f o l l o w i n g   e x p o s u r e   w h i c h ,  combined 
w i t h   e s t i m a t e s  o f  t h e  number o f  i n d i v i d u a l s   e x p o s e d ,  t h e  l e v e l  and d u r a t i o n  o f  
e x p o s u r e ,   a n d   t h e   c o s t   o f   e l i m i n a t i n g   t h e   m a t e r i a l   f r o m   t h e   e n v i r o n m e n t ,  may 
d i c t a t e   t h e   p r i o r i t y  and t h e   f e a s i b i l i t y   o f   r e m e d i a l   m e a s u r e s .   T h e r e f o r e ,  i t  
i s   d i f f i c u l t   t o   g e n e r a l i z e   a b o u t   t h e   c h o i c e   o f   t e s t i n g   m e t h o d s .  It may be 
n e c e s s a r y   o n l y   i n  some j u r i s d i c t i o n s   t o   d e m o n s t r a t e   t h e   c l e a r   p o t e n t i a l   f o r  
g e n o t o x i c i t y   t o   a f f e c t  some r e g u l a t o r y / r e m e d i a l   a c t i o n .   I n   t h e   c a s e   o f   s u c h  
p r e - e m p t i v e   a c t i o n ,   t h e   n e e d   t o   d e v e l o p  a d e t a i l e d  and   expens ive   r i sk  
assessment may no t   be   necessary .  

The  two  main  approaches t o   g e n o t o x i c   t e s t i n g   h a v e  been h i e r a r c h i c a l   ( t i e r )  
a n d   m a t r i x   o r   b a t t e r y   t e s t   p r o c e d u r e s .   T i e r   a p p r o a c h e s   a r e   u s u a l l y   a p p l i e d  
when t h e  number o f   s u b s t a n c e s   t o   b e   t e s t e d   i s   l a r g e   b e c a u s e   a l l  o f  t h e  
s u b s t a n c e s   s h o u l d   b e   s u b j e c t e d   t o   f i r s t   l e v e l   t e s t i n g .  These t e s t s   s h o u l d  be 
r a p i d ,   r e l i a b l e  and  inexpens ive .  Many m i x t u r e s   o r   f r a c t i o n s  may be e l i m i n a t e d  
o n   t h e   b a s i s   o f   t h e i r   t e s t   r e s u l t s ,   l e a v i n g   f e w e r  samples f o r   f u r t h e r  
e v a l u a t i o n .  As a n   e f f e c t i v e   t o o l ,   t h e s e   t e s t s  will a l l o w   f o r   r a p i d  
assessments a t  r e l a t i v e l y   l o w   c o s t   b u t   m u s t   p o s s e s s   u n i f o r m   p r o t o c o l s ,  be  easy 
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t o   p e r f o r m  a n d   e v a l u a t e ,   a n d   p r o d u c e   f e w   p o s i t i v e   o r   n e g a t i v e   r e s u l t s   w h i c h  
canno t   be   suppor ted   by   t es ts  i n  animal  systems . 

The b a t t e r y   o r   m a t r i x   a p p r o a c h   t o   t e s t i n g   p r o v i d e s   s e v e r a l   l e v e l s   o f  
eva lua t i on ,   conduc ted   s imu l taneous ly .   Th i s   app roach   p rov ides  a sc reen ing  
mechanism t h a t   i d e n t i f i e s   c h e m i c a l s   o r   m i x t u r e s   l i k e l y   t o   p r o d u c e   m u t a t i o n s   o r  
carc inomas.  A g r o u p   o f   t e s t s   s h o u l d   o v e r l a p   i n   r e s p o n s e   t o   m o s t ,   b u t   n o t   a l l ,  
genotox ic   agents ;   there fore ,   comple te   agreement  among t h e   r e s u l t s   o f   a l l   t e s t s  
i n  t h e   b a t t e r y   s h o u l d   n o t  be  expected. Due t o   t e c h n i c a l   l i m i t a t i o n s   i n  
c u r r e n t l y   a v a i l a b l e   t e s t s ,  some genotox ic   agents  may be  missed;  however, 
c a r e f u l   s e l e c t i o n  o f  t h e   t e s t s   s h o u l d   k e e p   s u c h   r e s u l t s   t o  a minimum. l h e  
t i e r  approach  represents  a c o s t   e f f e c t i v e   p r o g r a m   b u t  it may t a k e  more t i m e  
t h a n   t h e   b a t t e r y   a p p r o a c h   t o   o b t a i n  a d e f i n i t i v e   a n s w e r .  A complete  and 
i n - d e p t h   d i s c u s s i o n  o f  these   two   app roaches ,   w i th   dec i s ion   t rees ,  recommended 
t e s t s ,   a n d   t e s t   p r o t o c o l s   c a n   b e   f o u n d   i n   " P r i n c i p l e s   o f   G e n e t i c   T o x i c o l o g y , "  
by D .  Brus ick   (1980) .  

It i s   s t r o n g l y  recommended t h a t   t h e   i n v e s t i g a t o r   a t   l e a s t  employ  the Ames 
t e s t  on t h e   u n c o n c e n t r a t e d   f i n a l   e f f l u e n t   t o   t e s t   f o r   g r o s s   g e n o t o x i c i t y .  

W h i l e   t h e r e  may be a t e n d e n c y   o n   t h e   p a r t   o f   t h e   i n v e s t i g a t i n g   a g e n c y  
t o  shy away f rom  compl icated,   expensive  and  somet imes  ambiguous  test ing 
p r o c e d u r e s   a s s o c i a t e d   w i t h   g e n o t o x i c   a s s e s s m e n t s ,   t h e y   a r e   c r i t i c a l   t o   t h e  
r a n k i n g  o f  s o u r c e s   f o r   a b a t e m e n t   a c t i o n s   d e s i g n e d   t o   a l l e v i a t e   o b s e r v e d  
problems i n   t h e  Areas o f  Concern.  However,  due t o   t h e  need f o r  some 
e x c e e d i n g l y   s p e c i a l i z e d   e q u i p m e n t ,   l a b o r a t o r y   f a c i l i t i e s ,   a n d   t r a i n e d  
pe rsonne l ,  it i s   e v i d e n t   t h a t   s o u r c e   i n v e s t i g a t i o n s   p e r s o n n e l  may need t o  
engage  ex te rna l   ass is tance.  

4 . 4 . 2  C r i t e r i a   V i o l a t i o n s  

W a t e r   Q u a l i t y   a n d   D r i n k i n g   W a t e r   C r i t e r i a  

G i v e n   t h e  number o f   r e g u l a t o r y   a g e n c i e s   i n   t h e   G r e a t   L a k e s   b a s i n ,  i t  i s  
n o t   s u r p r i s i n g   t h a t   t h e r e   a r e  a p l e t h o r a   o f   o b j e c t i v e s ,   g u i d e l i n e s ,   c r i t e r i a  
and   s tandards   gove rn ing   t he   con taminan t   con ten t  o f  var ious   med ia   (water ,  
s e d i m e n t s ,   b i o t a ,   e t c . ) .   R a t h e r   t h a n   a t t a c h  a p a r t i a l   l i s t i n g   o f  such 
c r i t e r i a   t o   t h i s  document,  an e x c e l l e n t   s t a r t i n g   r e f e r e n c e   w o u l d  be "Great  
Lakes  Water Q u a l i t y   O b j e c t i v e s ,   G u i d e l i n e s ,   C r i t e r i a   a n d   S t a n d a r d s , "   G r e a t  
Lakes   Reg iona l   O f f i ce ,   I n te rna t i ona l   Jo in t   Commiss ion ,   Ju l y   1985 .  

Another  useful   compendium was assemb led   by   t he   s ta te   o f  New York  as p a r t  
o f  t h e   E n v i r o n m e n t a l   C o n s e r v a t i o n   A c t ,   P a r t   7 0 0 - 7 0 5 ,   " C l a s s i f i c a t i o n s  and 
S t a n d a r d s   o f   Q u a l i t y   a n d   P r i o r i t y . ' '   F u r t h e r   i n f o r m a t i o n  on t h i s  document  can 
b e   o b t a i n e d   f r o m   t h e   C r i t e r i a   a n d   S t a n d a r d   S e c t i o n ,   B u r e a u   o f   W a t e r   Q u a l i t y  
Management, D i v i s i o n  o f  Water, New York  State  Department o f  Envi ronmenta l  
Conserva t ion ,  50 Wolf Road, Albany, N.Y. 12233-3508,  (518-457-3656). 

I f  a parameter  i s  under   cons idera t ion   because  o f  a d r i n k i n g   w a t e r   s t a n d a r d  
v i o l a t i o n ,  a c a n d i d a t e   s o u r c e   c a n   o f t e n   b e   c o n f i r m e d   b y   d i r e c t   c h e m i c a l  
measurement. The a n a l y t i c a l   p r o c e d u r e s   r e q u i r e d   m u s t   b e   r i g o r o u s  enough t o  
v e r i f y   t h e   s o u r c e  a n d   p e r m i t   t h e   r e l a t i v e   c o n t r i b u t i o n   c a l c u l a t i o n .  As i t  
w o u l d   b e   u n l i k e l y   t h a t  a e f f l u e n t   w o u l d   h a v e  a c o n c e n t r a t i o n   l e s s   t h a n   t h a t  

- 7 5  - 



found i n   t h e   a m b i e n t   e n v i r o n m e n t ,   c o n s i d e r i n g   t h e   e f f e c t  o f  d i l u t i o n ,  a 
s i g n i f i c a n t  amount s h o u l d   b e   p r e s e n t   f o r   a n a l y s i s   a t   s o u r c e .   T h e r e f o r e ,  it i s  
p r o b a b l y   s u f f i c i e n t   f o r   t h e   a n a l y t i c a l   p r o c e d u r e s   t o   h a v e  a d e t e c t i o n  limit 
equal  t o   t h e   d r i n k i n g   ( o r   w a t e r   q u a l i t y )   s t a n d a r d   i n   q u e s t i o n .  The s e c t i o n  on 
w a t e r   a n a l y s i s   s h o u l d   b e   c o n s u l t e d   f o r   f u r t h e r   g u i d a n c e .  

S e d i m e n t   C r i t e r i a  

I f  a parameter  i s  u n d e r   c o n s i d e r a t i o n  due t o  e x c e e d i n g   s e d i m e n t   c r i t e r i a ,  
a source may a l s o  be  conf i rmed  by  d i rect   chemical   measurement .   However ,   the 
a n a l y t i c a l   d e t e c t i o n   l i m i t s   s h o u l d  be   cons ide rab ly   l ower   t han   t he   sed imen ts  
c o n c e n t r a t i o n   b e c a u s e   s e d i m e n t s   t e n d   t o   a c c u m u l a t e   p e r s i s t e n t   c h e m i c a l s .  
C a r e f u l   c o n f i r m a t i o n   w o r k  may be  necessary.  

4 . 5  Q U A N T I F I C A T I O N  OF LOADINGS FROM SOURCES 

4 .5 .1   Po in t   Sources  

Chemical   Analys is  

When d i r e c t   q u a n t i f i c a t i o n   o f   l o a d i n g s   b y   c h e m i c a l   a n a l y s i s  and f l o w  
measurements i s   a t t e m p t e d ,   f o u r   b a s i c   f a c t o r s   s h o u l d   b e   c o n s i d e r e d :  

a )  Sample C o l l e c t i o n  
b )  Sample P r e s e r v a t i o n  
c )  Sample A n a l y s i s  
d )   Data   Repor t ing  

Some o f  t h e s e   f a c t o r s  may have  been  cons idered  p rev ious ly  i n   t h e   s c r e e n i n g  
e x e r c i s e ,   b u t  now a thorough  rev iew  o f   each i s   e s s e n t i a l   t o   d e v e l o p   t h e  
r e q u i r e d   l o a d i n g   i n f o r m a t i o n .  

F o r   c o n v e n t i o n a l   p a r a m e t e r s   a n d   m o s t   m e t a l s ,   q u a n t i f i c a t i o n   o f   l o a d i n g s  
f r o m   p o i n t   s o u r c e s  will invo lve   accura te   chemica l   and  f low  measurements   over  
t h e   t i m e   p e r i o d   o f   i n t e r e s t .  Some o rgan ic   chemica ls  will be d i f f i c u l t   t o  
measure i n  an e f f l u e n t  even  though  they may accumulate i n   t h e  sediment, o r  
b i o c o n c e n t r a t e   i n   t h e   b i o t a .   T h i s  may be  due t o   a n a l y t i c a l   i n t e r f e r e n c e s   i n  
t h e  e f f l u e n t  o r  t o  an i n a b i l i t y  t o  q u a n t i f y   t h e   s u b s t a n c e   a n a l y t i c a l l y .  In 
t h i s  c a s e ,   p r o c e s s   c h a r a c t e r i z a t i o n   p r o v i d e s   a n   a l t e r n a t i v e  way o f   e s t i m a t i n g  
l o a d i n g s .  

Sample C o l l e c t i o n  

7 h i s   s e c t i o n   a d d r e s s e s   t h e   q u e s t i o n s   o f  when, where  and how t o  sample. 
lhe  mechanics  o f   where  and how t o  sample  are w e l l  d e s c r i b e d   i n   t h e  "EPA 
Handbook fo r   Sampl ing   and Sample P r e s e r v a t i o n  o f  Water  and  Wastewater" 
( E P A  600/4-82-029  and NTIS Repor t  #PB83-124503). Th is   handbook  inc ludes 
d e t a i l e d   m e t h o d o l o g y   f o r   s a m p l i n g   m u n i c i p a l ,   i n d u s t r i a l  and a g r i c u l t u r a l   p o i n t  
sources .  A s i m i l a r  document f o r   m u n i c i p a l   p o i n t   s o u r c e s   i s   a v a i l a b l e   f r o m   t h e  
O n t a r i o   M i n i s t r y   o f   t h e   E n v i r o n m e n t  (MOE P o l i c y  #08.-06). 

- 76 - 



The q u e s t i o n   o f  when t o  sample i s   d i r e c t l y   r e l a t e d   t o   t h e   v a r i a b i l i t y   o f  
the   source .   Quot ing   f rom  He id tke   and  Armst rong  (1979) :  

I'To c h a r a c t e r i z e   t h e   p r o b a b i l i t y   d i s t r i b u t i o n   f ( x )   f o r  
i n d i v i d u a l   d i s c h a r g e r s ,   a n   e m p i r i c a l   d a t a   b a s e   m u s t  be 
e s t a b l i s h e d  a n d   u p d a t e d   r e g u l a r l y .   I d e a l l y ,   e f f l u e n t s   w o u l d  
be  sampled a t  a f r e q u e n c y   t h a t   w o u l d   y i e l d  a r e p r e s e n t a t i v e  
d e s c r i p t i o n   o f   t h e   n o r m a l   t e m p o r a l   v a r i a t i o n   i n   p o l l u t a n t  
l oad ing   f rom  each   po in t   sou rce .   However ,   cons t ra in t s  on 
ava i l ab le   samp l ing   resources   and  a l a c k   o f   u n i f o r m i t y  among 
e f f l u e n t   m o n i t o r i n g   p o l i c i e s   o f t e n  may p r e c l u d e   c o m p i l a t i o n  
o f  a d e s i r a b l e   d a t a   b a s e   f o r   s t a t i s t i c a l l y   d e s c r i b i n g   t h e  
l o a d i n g   d i s t r i b u t i o n   f o r   i n d i v i d u a l   d i s c h a r g e r s .   T h i s   i s  
c e r t a i n l y  one o f   t h e   m a j o r   o b s t a c l e s   t o   e f f e c t i v e  
a p p l i c a t i o n   o f   t h e   p r e s e n t   a p p r o a c h . "  

The d e s i r e d   s t a t i s t i c a l   c o n f i d e n c e   r e q u i r e d   t o   i n i t i a t e   s o u r c e   r e d u c t i o n  
a c t i v i t i e s  has n o t   y e t  been s p e c i f i e d   b y   t h e  WQB, n o r   i s  it l i k e l y   t h a t  such 
g e n e r i c   c r i t e r i a   c a n  b e   g e n e r a t e d   w i t h o u t   c o n s i d e r i n g   s o u r c e   a n d   s i t e   s p e c i f i c  
c o n d i t i o n s .   F o r   d i s c u s s i o n   p u r p o s e s ,  assume t h a t  i t  i s  necessary t o  model t h e  
r e l a t i o n s h i p   b e t w e e n   l o a d  and aquat ic   ecosys tem  t ime-dependent   concent ra t ions  
t o   w i t h i n  a f a c t o r   o f  50% a t   t h e   9 5 t h   p e r c e n t i l e   c o n f i d e n c e   l e v e l .   S i n c e  
o t h e r   s o u r c e s   o f   e r r o r  will be  compounded i n  such a model, assume 
f u r t h e r   t h a t  it i s  d e s i r a b l e   t o  know t h e   p o i n t   s o u r c e   l o a d   c o n t r i b u t i o n   t o  
w i t h i n  t20% o f   t h e   a c t u a l   l o a d   a t   t h e   9 5 t h   p e r c e n t i l e   c o n f i d e n c e   l e v e l .  The 
number  and d i s t r i b u t i o n   o f   s a m p l i n g   e v e n t s   r e q u i r e d   t o   a c h i e v e   t h e   d e s i r e d  
a c c u r a c y   a n d   p r e c i s i o n   o f   l o a d   q u a n t i f i c a t i o n   a r e   f u n c t i o n s   o f   t h e   v a r i a b i l i t y  
o f   t h e   d i s c h a r g e .  

F o r   f a c i l i t i e s   w i t h   c o n t i n u o u s   p r o c e s s e s   r u n n i n g  24 hours  per  day,   seven 
d a y s   p e r   w e e k ,   o n l y   m i n o r   v a r i a b i l i t y   i n   p r o c e s s   w a s t e w a t e r   c o m p o s i t i o n   w o u l d  
be a n t i c i p a t e d ,   u n l e s s   h o l d i n g   t a n k s   a r e   f i l l e d  and  emptied  on a c y c l e ,  
p rocess   a reas   a re  washed down on a c y c l e   o r   r e c i r c u l a t e d   t r e a t e d   c o o l i n g   w a t e r  
i s   d i s c h a r g e d  on a c y c l e .   I n   f a c i l i t i e s   w i t h   b a t c h   p r o c e s s e s ,   t h e   w a s t e w a t e r  
c o m p o s i t i o n   c a n   b e   h i g h l y   v a r i a b l e ,   d e p e n d i n g   o n   t h e   p r o d u c t ,   t h e  
m a n u f a c t u r i n g   t i m e   a n d   t h e   t i m i n g  o f  p r o c e s s   i n i t i a t i o n .   F a c i l i t i e s   i n   t h i s  
l a t t e r   c a t e g o r y   r e q u i r e   q u a n t i f i c a t i o n  o f  t he   d i scha rge   compos i t i on   and  
l o a d i n g   r a t e ,   t h u s   t h e   s a m p l i n g   p r o g r a m   r e q u i r e s  a d e t a i l e d   u n d e r s t a n d i n g   o f  
t h e   p r o c e s s   c y c l e s ,   i n c l u d i n g   a n   u n d e r s t a n d i n g   o f   t h e   p o i n t s   o f   o r i g i n ,  
coming l ing   o f   p rocess   was te   s t reams,   and  the   sequence  and  dura t ion   o f   p rocess  
h a r d w a r e   u t i l i z a t i o n .  

l h e   g r e a t e s t   s a m p l i n g   d i f f i c u l t i e s   a r e   p r e s e n t e d   b y   f a c i l i t i e s   o f  
i n t e r m e d i a t e   s i z e   w i t h   f i v e   t o  15 b a t c h   p r o c e s s e s   h a v i n g   d i f f e r i n g   c y c l e s  
i n i t i a t e d  o n   i n d e p e n d e n t   s c h e d u l e s   w i t h   h i g h l y   v a r i a b l e   p r o d u c t s ,   i n v o l v i n g  
un ique   m ixes   o f   raw   ma te r ia l s ,   i n te rmed ia tes   and   byp roduc ts ,   i . e .   t he   cus tom 
c h e m i c a l   p l a n t .  Such a f a c i l i t y  will w a r r a n t  a p r o c e s s   e v a l u a t i o n   t o   d e v e l o p  
a p rocess -based   samp l ing   p rog ram.   Th is   eva lua t i on   shou ld   i nvo l ve   pe rsonne l  
f r o m   t h e   f a c i l i t y   u n d e r   s t u d y .  

D e t e r m i n i n g   t h e   a p p r o p r i a t e   s a m p l i n g   f r e q u e n c y   f o r   P u b l i c l y  Owned 
l r e a t m e n t  Works (POTWs) o r   m u n i c i p a l   w a s t e   w a t e r   t r e a t m e n t   p l a n t s   f o l l o w s  
much o f   t h e  same l o g i c  as t h a t  used f o r   i n d u s t r i a l   f a c i l i t i e s .  The e f f l u e n t  
c o n c e n t r a t i o n   c y c l e s  o f  ve ry   sma l l  POTWs w i t h  one o r   t w o   s m a l l   i n d u s t r i a l  
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contributors, and  very  large  POTWs  with  one or  two very large  industrial 
contributors, will exhibit  a  cycle  strongly  influenced by the process  cycles 
of the contributing  industries.  Process  evaluation for  the contributing 
industries should  reveal the  appropriate  sampling  cycles  for pollutant 
chemicals  under  consideration. If the contributing  industries  employ 
continuous  processes,  one  grab  sample  taken at any  particular  time should be 
similar in composition to a  sample  taken  at  any  other  time,  given  the 
detention in the clarifiers  and  aeration lagoons. 

Where  a  number  of small  industrial  facilities or a  few large  facilities 
having  a  variety of processes and operating  schedules  are  discharging  into  a 
small or intermediate  size POTW, a  statistically-based  sampling  scheme  should 
be  developed to reveal daily,  weekly and  seasonal  cycles. If it is assumed 
that  the processes  contributing to POTW  loading are  occurring  randomly, 
relative  to  one  another,  then  the  probability  distribution  function (pdf) 
which  describes  the  daily,  weekly and  seasonal cycles should  follow a normal 
distribution.  Heidtke and  Armstrong  (1979)  found,  for  example,  that  the  daily 
chloride loads from two industries  discharging to  the Great Miami River in 
Ohio  were  normally  distributed.  The  greater  the  number of independent 
contributing  processes,  the  greater  the likelihood that  the pdf can 
be adequately modeled as  a normal  distribution. 

Where  the  concentrations of  toxic  pollutants in the  POTW's  effluent  are 
strongly  correlated  with  the  concentrations of one  or  more conventional 
pollutants or indicator  parameters,  the  results of daily  monitoring  for  these 
latter  parameters  can  be used to construct  a pdf for  the pollutants of 
interest and develop  a  statistically-based  sampling  scheme. To demonstrate 
such a correlation,  sufficient  samples collected  according to  a 
statistically-based  schedule  must  have been analyzed for  the toxic and 
conventional  pollutants  simultaneously.  McCarty and Aieta (1984) studied the 
relationships  among the  concentrations of various  pollutants being discharged 
from  a  POTW and determined that total  organic  halogen ( T O X ) ,  total organic 
nitrogen (TON)  and  total  trihalomethane  formation potential  (TTHMFP) served 
adequately as surrogates  for  the  "presence of certain  important  classes of 
organic  compounds." Where  such  correlations  do  not  exist,  the use of 
conventional  pollutants or  indicator  parameters  as  surrogates  for toxic 
pollutants is precluded.  Unfortunately,  the  number of data  points  required to 
demonstrate  such a correlation  may  limit the utility of such an approach for 
broad applications  within  the  Great Lakes  basin  community. 

In analyzing for non-volatile  material,  samples  can be composited  with 
daily  averages  obtained via 24-hour  composite  sampling,  weekly  averages by 
compositing  daily  samples,  monthly  average by compositing  the  weekly  samples, 
and  seasonal  average by compositing  the  monthly  samples. Analyses  could  then 
be run on  only  the  four  seasonal  composites,  although  a  minimum of monthly 
analysis  is  strongly  recommended.  Where holding time  becomes  problematic,  the 
samples  can be  extracted  and the extracts  composited  according to the  above 
scheme. 

For volatile  samples,  where  compositing is largely precluded,  a  minimum o f  
four  grabs  per  day  for  four  weeks  would  probably be  required to  define  the 
weekly  cycle,  four  grabs  per  week  for  four  months  to  define  the  monthly  cycle 
and four  grabs  per  month  for 12 months to  define  the seasonal  cycle. 
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While  these  sampling  schemes  appear  to  impose  an  unreasonable  sampling and 
analytical  burden  on  the  POTW,  these  are  necessary  because  only  limited 
information  is  available  to  characterize  the  processes and process  effluent 
compositions  contributing to POTW  loading.  The  greater  the  information on 
process  hardware,  chemistry,  cycles,  schedules,  effluent  composition and flow, 
the  fewer  the  number of samples  that need to be analyzed  for  calculating 
average  loadings  with  acceptable  accuracy and  statistical  confidence. 
Ultimately,  the  sampling and  analysis  burden  should be shifted to  the 
contributing  facilities.  Methods  such  as  those  suggested by Heidtke and 
Armstrong  (1979)  could  then be used to establish  a  statistically  sound 
sampling  schedule to accurately  define  the  POTW  loading  rates. Additional 
statistical  bases for  compliance  sampling  have been  discussed by Oliver (1985) 
for  air  sources,  Schweitzer and  Black (1985) for  groundwater and  soil studies 
and by Ball and.Vath (1983) for  wastewater  sources. 

Where  adverse  biological  effects  have been  detected in a  point  source 
effluent using  appropriate  indicator  organisms,  effluent  sampling  should be 
timed so that  the  frequency and amplitude of toxic  pollutant  concentrations 
contributing to  the time-integrated  toxicity  are  revealed  with  the  desired 
accuracy and precision.  Dominic  DiToro o f  Manhattan  College,  Department of 
Environmental  Engineering,  Bronx, NY is  developing  a  model of time-integrated 
acute and  chronic  toxicity  to  fish  upon  which  to base a  statistical  sampling 
program  design of potentially  toxic  point  sources. 

Sample  Preservation 

The  accuracy of measurements  can  depend  on  the  time  elapsed  between  sample 
collection  and  sample  analysis.  Some  parameters,  especially if preserved 
properly,  may be held indefinitely  before  analysis,  while  others  must be 
analyzed  immediately to obtain  acceptable  results.  Details of sample 
preservation  for  point  sources  can be  found  in  the "EPA Handbook"  (EPA 
600/4-82-029), MOE  Policy #08-06 or 40 CFR 136. 

Sample  Analysis 

The  analytical  chemistry  requirements  for  sample  preparation,  cleanup, 
digestion,  extraction,  identification and quantification  must  also be 
considered. EPA has  established  analytical  guidelines  for  pollutants 
(40 CFR 136) which  incorporate  many of these  considerations. If it is not 
possible to quantify  loadings with the  recommended  procedures  due t o  high 
detection  limits or  interferences,  alternatives  must be found.  Analytical 
methods  for  trace level contaminant  measurements  are  constantly under 
development and newer  methods  should be considered, if available.  Another 
alternative  is  process  characterization,  which is  described  later in this 
chapter. 

Data  Reporting 

Understanding  the  variability  involved in point  source  data is critically 
important  to  the  overall  assessment o f  an  Area  of  Concern.  Consequently,  data 
reporting  must  involve  more  than  mean  pollutant  concentrations  over  a  time 
period.  Data  reporting  requirements  for load quantification  include: 

1) Sample  type  (composite  or grab). 
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2) Collection  time. 

3 )  Flow  rate  (see  next section). 

4)  Concentrations of each  parameter and associated  measurements  such  as 
temperature,  pH,  conductivity,  alkalinity,  hardness,  suspended  solids, total 
organic  carbon, and any  available  measurements  that will aid in characterizing 
the  discharge  information  should all be presented: 

5) Analytical  methodology. 

6)  Detection 1 imi ts. 

7) Percent  recovery of spiked  samples and 

8)  Blank  values. 

The  above  information will help  answer  questions  regarding  source 
variability and measurement  accuracy. 

Flow  Measurement 

While  methods  for  flow  measurement  are  relatively well  established  compared 
to  analytical  chemistry  methods,  selecting  the  proper  flow  measurement 
technique is as  important  as  the  choice of chemical  methodology. In fact, 
since  the goal is to obtain  the  most  accurate  loading  possible,  the best 
possible  flow  measurement  technique should be used. 

Where  toxic  pollutant  concentrations and effluent  flows  are  strongly 
correlated,  flow-proportional  sampling will be required to accurately  quantify 
POTW  loading  rates. In this  case,  inaccurate  flow  measurements will lead to 
further  inaccuracies in composite  concentrations. 

Flow  measurement  methods  can be broadly  grouped  into  four  categories: 

1) Closed  conduit  flow  measurement. 
2 )  Flow measurement for pipes discharging into the atmosphere. 
3 )  Open  channel  flow  measurements and 
4)  Miscellaneous  methods of flow  measurement. 

Each  category  is  described  in  detail in the " E P A  Handbook"  cited  previously 
(€PA 600/4-82-029). 

Process  Characterization 

The  concept of industrial  process  characterization  which  is  a 
comprehensive  review of industrial  operations, has been used in a limited 
fashion  since  its  introduction in 1979. The  need for  its  expanded  use  has 
become  more  apparent as regulatory  agencies  pursue  ever  lower  concentration 
levels  for  a  growing  list of chemicals. 

Process  characterization  has  two  important  uses: 1) to  identify potential 
sources of toxic  substances  found in the  ambient  environment  for which  no 
historical  or  on-going  manufacturer in the  area  has been identified, and 2)  to 
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identify  substances  likely to be  present in process  wastewaters  from  specific 
facility  unit  processes,  following  comingling of waste  streams  or  after 
treatment.  The  characterization  procedure is especially  useful  for  "newly 
manufactured"  chemicals. 

Process  characterization,  as  currently  conceived,  involves: 1) listing 
raw  materials,  known  trace  contaminants of raw  materials,  intermediates, 
products and byproducts; 2) characterizing  reaction  conditions and chemistries 
of production and waste  treatment; 3) evaluating  possible  formation 
chemistries of trace  contaminants in raw materials,  intermediates and products 
based  on  chemical  principles and logic; 4) characterizing  facility  hardware 
configurations  to  locate  entry  routes  into  the  environment and optimum 
sampling  points; 5) evaluating  manufacturing and waste  treatment  cycles  to 
determine  optimum  sampling  frequency and duration; 6 )  listing  candidate 
substances  for  which  traditional/routine  sampling and analytical  methods  are 
inadequate; and 7 )  developing  or  adapting  appropriate  sampling and analytical 
methods. 

This  protocol  is  described in detail in "Methodology  For  Estimating 
Environmental  Loadings  From  Manufacture of Synthetic  Organic  Chemicals" 
(EPA-600/3-83-064). 

4.5.2  NONPOINT SOURCES 

Background 

For  the  purposes of this  chapter,  the  nonpoint  source  issues  to be 
addressed  include  the  movement of contaminants  associated  with  urban and rural 
runoff, and groundwater  transport of contaminants.  For  areas  that  contain  a 
myriad of minor  combined  sewer  overflows (CSOs), that  cannot be effectively 
treated  as  point  sources,  some of the  modeling  techniques  discussed  earlier 
may be suitable  to  estimate  their  impact.  Direct  atmospheric  deposition  into 
bodies of water  within  the  boundaries of the  particular Area of Concern is 
assumed  insignificant,  deposition  on land is transported via runoff, and the 
resuspension of contaminants  deposited in sediments is addressed in the 
Sediments  Section (6). The  discussion o f  nonpoint  sources  presented here  is 
designed to give  those  at  the  managerial level an  adequate  overview of the 
significant  nonpoint  issues and some  awareness of their  implications. 

Additional  technical  information  is listed in the  references; however, 
this  document  assumes  that  competent,  trained and experienced  field  personnel 
will  carry  out  the  required  work  with  minimal  dependence on this  document  for 
precise  guidance. 

Assessment of Nonpoint  Source  Pollution  Issues 

The  flow  chart  presented in Figure 5 outlines  a  strategy to identify 
significant  nonpoint  sources and estimate  their  impact and to derive and 
assess  the  effectiveness of a  remedial  program.  The  flow  chart and Table 13, 
which  amplifies  the  issues  noted in the  figure,  overlap  information  presented 
in other  flow  charts.  This  cross  reference will place  the  nonpoint  issues in . 
context  with  other  issues. 
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FIGURE 5 
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TABLE 13, PAGE 1 OF 3 

AREAS OF CONCERN:  DESCRIPTION OF FLOW CHART 

ASSESSMENT  OF  NONPOINT  SOURCE  POLLUTION  PROBLEM 

1. Impairments - Identify  impairments  that  are  restricting  the  use 
o f  the Area o f  Concern.  Predominant  impairments  identified in 
the Areas of Concern  include: 

Fish  Consumption - Advisory 
Fish  Population  Degraded  or  Tainted 
Fish  Tumors  or  Other  Deformities 
Bird Deformities  or  Reproductive  Problems 
Groundwater + Source  Contamination 
Navigation/Dredging  Restricted 
Degraded  Benthos 
Eutrophication/Undesirable Algae 
Drinking  Water  Taste and Odor 
Beach  Closings 
Aesthetics  Degraded 
In-Place  Contaminants  (sediments) 

2.  Potential  Causes (of Impairments) 
(a) General  Causes 

- Sediment  Issues 
- Nutrient  Issues 
- Toxic  Issues 
- Biological  Issues 
- Other  Issues 

Specific  Identification of  Cause(s) 
- Arsenic 
- Alkyl Lead 
- Heavy  Metals 

Mercury 
Lead 
Cadmi  um 
Other 

- Phenols 
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TABLE 13, PAGE 2 OF 3 

AREAS OF CONCERN: D E S C R I P T I O N  OF FLOW CHARS 

- Tox ic   Organ ics  
PCBs 
Furans 
D i o x i n s  
DDT 
M i  r e x  
P t h a l a t e s  
PAHs 
Ch lo ro fo rm 
T r i c h l o r o e t h y l e n e  
Perch lo roe thy lene  
C a r b o n   T e t r a c h l o r i d e  

- BOD/DO 
- B a c t e r i a  
- Phosphorus 
- Other   Convent iona l  

P o l l u t a n t s  
- H a b i t a t   D e s t r u c t i o n  

3 .   Po ten t i a l   Sources  o f  N o n p o i n t   S o u r c e   P o l l u t i o n  
(a)  General   Sources t o  be  Evaluated 

Rura 1 
Urban 
Combined  Sewer Over f l ow  (CSO) 
Groundwater 
Waste D i s p o s a l   S i t e s   ( A c t i v e  & Abandoned) 
Atmospher ic   Deposi t ion 

(b)  Methods t o   E v a l u a t e   P o t e n t i a l   S o u r c e  
- I n v e n t o r i e s   ( e x i s t i n g   o r  new) 
- Q u a l i t a t i v e   o r   Q u a n t i t a t i v e   d a t a   ( e x i s t i n g   o r  new) 
- U n i t  A r e a   L o a d i n g s   ( u s i n g   e x i s t i n g ,   e x t r a p o l a t e d   o r  

new d a t a )  

4 .  R e l a t i v e   M a g n i t u d e   o f   N o n p o i n t   S o u r c e s   o f   P o l l u t i o n  

( a )   E s t a b l i s h   w h i c h   n o n p o i n t   s o u r c e s   o f   p o l l u t i o n   a r e  
s i g n i f i c a n t   r e l a t i v e   t o   t h e   t o t a l   p o l l u t i o n   l o a d   ( p o i n t  and 
n o n p o i n t )  

( b )  Some screening  models  may be a v a i l a b l e   t o   a s s i s t   i n  
e s t a b l i s h i n g   t h e   r e l a t i v e   s i g n i f i c a n c e   o f  some o f   t h e  
nonpo in t   sou rces ,   e .g . ,   ru ra l   nonpo in t  
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7ABLE 13, PAGE 3 OF 3 

AREAS OF CONCERN:  DESCRIPTION OF FLOW CHART 

5. Establish  Significant  Nonpoint  Source  Pollution  Problem 

Conduct  detailed  investigations to provide  sufficient 
information so that  solutions  to  the  problem  can be proposed 

(a) Detailed  inventories o f  site  specific  problem  areas  may be 
required.  Detailed  models  may  be  available  that  may be 
used to obtain  clearer  definition o f  the problem or  to  test 
alternative  cost-effective  remedial  programs. 

6 .  Develop Remedial Action  Plan Strategy(s) 

Use all existing  data to develop remedial action plan(s) 

(a) Technical solution(s) to be  developed 

(b) Employ regulatory/administrative tools t o  assist in plan(s) 
development 

(c) Public  participation  may  be used to evaluate  public  concern 
over  alternative  approaches  to  solving  nonpoint  source 
pollution  problems 

7. Develop  Implementation  Control  Strategies 

Illustrate a step-by-step  implementation plan to control the 
nonpoint  source  pollution problem 

(a) Consider  social,  economic and  political  issues that may 
affect  implementation 

8 .  Restoration o f  Use 

(a) Develop  time  tables  to  illustrate  the proposed  restoration 
of use(s) that will result  from  the  implementation o f  
nonpoint  source  controls 

(b) Establish (if necessary)  a  monitoring and surveillance 
program  that will track  the progress of  the  nonpoint  source 
pollution  control  implementation  program  and proposed 
restoration of use 
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In using the  flow  chart and associated  table,  the  restrictions mentioned 
above  should be recalled, i.e. atmospheric  deposition in the particular 
geographic area is not  considered  significant,  although  a  few exceptions to 
this  generalization  may  become  evident, and CSOs are  a  nonpoint  issue only 
when it is impossible to  address  them  as a point  source.  Some suggestions on 
locating available landfill site  data have been offered in the point  source 
section; once such  sites  are  considered  significant,  appropriate sampling 
strategies are discussed in this  section. 

-. Methods to Evaluate Potential Sources and Determine  their  Magnitude 

Landfill siting and content  data may be available  from municipal and other 
jurisdictional  agencies,  along  with  pesticide  application  or usage  estimates 
for rural and urban settings. Runoff estimates  from large  parking lots, city 
streets and storm sewer  loadings  should  also be available  from various 
site-specific  studies and will be useful in initial loading estimation. 

While it is not practical to  offer  a  comprehensive list of the 
quantitative  or  qualitative  data  that should be considered, a review of this 
document will indicate  what  additional data  should be available  or secured 
when  assessing  an Area of Concern. Water quality  data from rural tributaries 
and groundwater,  particularly individual wellwater, could be  of great 
assistance in determining  the potential significance of past or ongoing 
pesticide and fertilizer  applications. 

i ) Model i ng 

Model application should be considered for  the  determination of potential 
nonpoint  sources and for  the  estimation of their  magnitude and significance. 
This segment  provides  an  overview of models and their utility in predicting 
and determining  the  impact of nonpoint  source  pollution.  Due  to  the variety 
o f  models  available at  this  time and the  significant resources required in 
using them, a brief outline of the principal characteristics of selected 
models and limitations is  provided. 

A  more  complete  guide  to  nonpoint  source models  can be found in "Review 
and Analysis of Available  NPS and Integrated  Watershed Models" by A.S. Donigan 
Jr. et al., Anderson-Nichols & Co., Palo  Alto, CA. Tables 14,  1 5  and 1 6  are 
reprinted from  this  report,  which  was prepared under  contract  to 
Woodward-Clyde  Consultants. 

Before  considering  the  available information on specific models,  the 
following  points  should be considered. 

1 )  Modeling alone is not  a panacea for determining  impacts of nonpoint 
source pollution. To obtain data of any  quality beyond that of a 
first  approximation  requires laborious calibration and verification. 
Field sampling  programs  and,  ideally,  an historical record of some 
length and detail are  necessary  for  proper model calibration and 
verification. 
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TABLE 14 

PRELIMINARY LIST OF NPS AND INTCGRATED  WATERSHED  MODLLS  SEIECTFO FOR REVllW 

REFERENCE 
MODELS NAME SOURCC 

Loadinq/Screeninq 
Procedure 

Hydroscience 

EPA Screening 
Procedures 

WLFNPS 

WRENS 

SWMM - Level I 

NPS  Runoir  Models 

HSPF/PERLND L IMPLND 

ARM 

NPS 

CREAMS/CREAMS  2 

ANSWERS 

ACTMD 

SWMM 

STORM 

MUNP 

ILLUDAS/DRAINQUAL 

DRJM 

PRMS 

Simplified  SWMM 

Inteqrated  Watershed 

HSPF 

SWHH 

PRS 

UTM -TOX 

SWAM 

Hydroscience  Simplified Model 

EPA Water  Quality  Screening  Procedures 

Watershed Loading Functions for 
Non -Point  Sources 

Water  Resources  Evaluation of 
Non-Point  Silvicultural  Sources 

SWMM ~ Level I 

Hydrological  Simulation  Program - FORTRAN 
(land simulation  modules) 

Agricultural Runoif Management Model 

Nonpoint  Source Model 

Chemicals,  Runofl, and Erosion  From 
Agricultural  Management  Systems 

Areal,  Nonpoint  Source  Watershed 
Environment  Response,  Simulation Model 

An Agricultural  Chemical  Transport Model 

Stormwater  Manaaement Model (land 
simulation  moiules) 

Storage,  Treatment,  Overflow 
Model 

Management O F  Urban  Nonpoint 
Model 

Illinois  Urban  Drainage Area 

Distributed  Routing Rainfall 
Model 

Runoff 

Pollution 

Simulator 

Runoff 

Precipitation-RunoiF  Modeling  System 

SimDliFied  SWMM 

Hydrological  Simulation Prog;am FORTRAN 

Stormwater  Management Model 

Pesticide Runoff Simulator 

Unified  Transport Model for Toxics 

Small  Water5hed Model 

Hydroqual/EPA 

E PA 

Cornel1  Univeristy 

U . S .  Forest  Service 
1980 

E PA 

E PA 

E PA 

E PA 

USOA 

Purdue  University 

USDA/ARS 

EPA 

COE 

Univ. o i  Maryland 

Illinois  State  Water 
Survey 

USGS 

USGS 

EPA/MLE 

E P A  

E PA 

EPA/CSC 

Oak RidgeKPA 

USDA/ARS 

EPA 1976 

McElroy d. 1976; 
Mills d. 1987 

Haith and Tubbs 1981 

U.S. Forest  Service 

Heaney & d. 1976 

Johanson d. 1984 

Donigian & d. 1911 

Oonigian and Crawford 1911 

USDA 1980 

Beasley et c. 1980 
8easley and Huggins 1981 

Frere d. 1975 

Huber d. 1975 

HEC 1977 

Sutherland and McCuen  1978 

Teratriep and Stall 1914 

Alley and Smith 1982a. 
1982b 

leavesley d. 1983 

Lager et d. 1976 

Johanson & c. 1984 
Huber et a. 1915 
csc 1980 

Patterron et d. 1983 

OeCoursey  1982 
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Tablo 15  Characterlstlcs a n d  Capabl l l t les  of Selec ted  NPS Runoff  Procedures and Modcls  

''ore': 0- Cepoblllty lncludcd In- rnodcf U~o/Documonfallon/Supporl 

0- Capability  not  explicitly  included 
but  can  be  user-defined 

E -*Exlonalvr  
A - Adcquale 
N - Mlnlmal 



Toblo 16 Charnclerlstlcs and Capabll l t los  o f  integrated  Watershed Llodcls 
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I WATEnOODY 8 F L O W  VIATER QUALITY 

I N T E G R A T E D  
S I A T E R S H E D  MODELS 
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Nolcs: e - C a p a b l l l l y   l n c l u d a d  In m o d a l  UselDocumenlallonlSupport 

0- C a p a b i l i t y  n o t  e x p l i c i t l y   i n c l u d e d  
but  can  be user -def ined 

' E - 'Ex lcnslvo 
A - Adoqualo  
t.4 - Mlnlmol 



2) The original  models were  designed  to  estimate  the loadings of 
conventional  pollutants, e.g. as  BOD,  COD,  nitrate, phosphorus., 
sediment  and  suspended  solids.  Since 1980, some  have been adapted 
for heavy  metal  and  toxic  organic determinations, but this  use is 
still under development. 

3 )  While  continuing  improvements  to  microcomputer  capabilities indicate 
that  an increasing  amount of modeling  work  can be done on  these 
machines,  the  application of a  sophisticated model that includes 
transport  phenomena,to a watershed or basin of significant  size 
continues to demand  a  high level of computer  expertise and resources. 

4 )  While  more  rigorous  theoretical  approaches  are  available,  the  entire 
area of nonpoint  source  pollution  continues  to  contain  a  significant 
amount o f  the empirical  estimation and application of gross 
assumptions (8). 

Prior to the consideration of specific  models,  a  review of the material 
outlined in Hartigan (1978) is appropriate.  The  variability  evident in the 
meteorological and hydrogeological  data, e.g. air  quality,  sampling 
techniques,  study  area  homogeneity, public works  practices,  monitoring 
techniques and  representative  field  studies,  are  factors  to be emphasized in 
the  application of a  model. 

a) Urban  Models 

An urban  runoff model,  the  Macroscopic Planning model (MAC), was  applied 
in the  San  Francisco Bay  area  in  the late 1970s (W.G.  Smith 1980).  As a  first 
approximation  model, it is  a  composite of eight local Surface Runoff Plans and 
is of some  utility  for  the broad prediction of possible  impacts.  The  modelers 
suggest  that  the lack of local water  quality and quantity  data  can be overcome 
with  the  use of  historical  records  and  national  runoff data. Its utility in a 
specific  Great  Lakes Area  of  Concern  would be limited. 

HAZPRED (G. Zukors 1986), a model  developed by Environment  Canada  and  a 
Canadian  consulting  company,  Canviro, could  have  some  applicability to  the 
urban  Areas of Concern. The model is designed to predict  concentrations and 
loadings o f  hazardous  contaminants in dry  weather  sewage  flow, urban  storm 
runoff  and  combined  sewer  overflows. It will operate on an IBM PC-AT, and 
requires  input  data  on  concentrations of residential,  commercial and 
industrial  wastewaters,  as well as  the magnitude of dry  weather  infiltration. 
Estimates  are  determined by the application of various  probability 
distributions. 

HAZPRED is still  under development and only  the dry weather  outputs have 
been  verified.  Additional  verification against  catchment  data  for 
precipitation  events  has  yet to be  carried out  for  specific  basins, and any 
prospective users would be  required t o  perform  this  verification.  The 
Conservation  and  Protection  Office  of  Environment  Canada in Toronto 
(416-973-5840) can  provide  further  details regarding this  model. 
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c h a r a c t e r i s t i c s ;   t i l l a g e  m e t h o d s ,   c o n s e r v a t i o n   p r a c t i c e s ,   c r o p p i n g   p a t t e r n s ,  
p e s t i c i d e  use, i r r i g a t i o n   f l o w s  a n d   p o p u l a t i o n   d e n s i t i e s .  

An a g r i c u l t u r a l  model  which  has  been i n  use f o r  some t i m e   i s  ARM 
( A g r i c u l t u r a l   R u n o f f  Management). A.S. Donigan  prov ides a manua l   descr ib ing  
t h e   s t e p s   i n v o l v e d   i n   a p p l y i n g   t h i s  model t o  a watershed.  ARM will s i m u l a t e  
r u n o f f ,   i n c l u d i n g   t h a t   f r o m  snow accumu la t i on   and   me l t i ng ,   and   can   i nco rpo ra te  
s e d i m e n t ,   p e s t i c i d e s   a n d   n u t r i e n t s   i n  i t s  d e t e r m i n a t i o n s .   P e s t i c i d e  
d e g r a d a t i o n   c a n   a l s o   b e   e s t i m a t e d   b y   t h e   m o d e l ,   w h i l e   s p e c i f i c   s o i l  zones  and 
d e p t h s   a r e   a l s o   c o n s i d e r e d .  However, i t  assumes un i fo rm  land  use ,   and  no  
c h a n n e l   r o u t i n g   p r o c e d u r e s   a r e   i n c l u d e d .  Thus, it i s   r e s t r i c t e d   t o   w a t e r s h e d  
s i z e s   o f   l e s s   t h a n   f i v e   s q u a r e   k i l o m e t e r s ,   d e p e n d i n g   o n   t h e   c o m p l e x i t y   o f   t h e  
g i v e n   t e r r a i n .  

CREAMS (Chemica ls ,   Runo f f   and   E ros ion   f rom  Agr i cu l tu ra l  Management 
Systems) i s  a m o r e   r e c e n t   a m p l i f i c a t i o n   o f   t h e  ARM work. It i s  a p p l i e d   t o  
f i e l d   s i z e   p l o t s  a n d   c a n   i n c o r p o r a t e   t o x i c   c o n t a m i n a n t s   i n t o   i t s   m a t r i x .  

One o f   t h e  more recent ly   deve loped  mode ls  i s  ANSWERS (Area l   Nonpo in t  
Source  Watershed  Environment  Response  Simulat ion). A u s e r ' s  manual  (Beasley 
and   Hugg ins )   ou t l i nes   t he   pu rpose ,   t heo ry   and   app l i ca t i on  o f  t h i s  model t o  
w a t e r s h e d s   w i t h   a g r i c u l t u r e   a s   t h e i r   p r i m a r y   l a n d   u s e .  The model i s  des igned 
f o r   a p p l i c a t i o n   d u r i n g   a n d   i m m e d i a t e l y   f o l l o w i n g  a r a i n f a l l   e v e n t ;  it i s  a 
d i s t r i b u t e d   p a r a m e t e r   a p p r o a c h   r a t h e r   t h a n  a lumped  parameter,  and  thus  more 
demanding o f  c o m p u t e r   f a c i l i t i e s .  However, i t s   o u t p u t   s h o u l d  be a more 
a c c u r a t e   s i m u l a t i o n   o f   c a t c h m e n t   b e h a v i o r ,   s i n c e  it a v o i d s   t h e  assumed l i n e a r  
re la t i onsh ips   o f ten   emp loyed   i n   l umped   pa ramete r   mode ls .  

ANSWERS d e p e n d s   o n   t h e   c h a r a c t e r i z a t i o n   o f   e v e n t s   w i t h i n  a number o f  smal l  
d i s c r e t e   " e l e m e n t s "   o f  a subbas in   o r   wa te rshed .   E lemen t   s i zes   va ry   f rom one 
t o   f o u r  ha w i t h i n   w a t e r s h e d s   o f   l e s s   t h a t  10,000 ha.  Because a g i ven   s tudy  
a rea  may c o n s i s t   o f  numerous   e lemen ts ,   cos ts   f o r   p repar ing   an   e lemen ta l   da ta  
f i l e  c a n   b e   s i g n i f i c a n t .  

i i )  Groundwater  Sampling 

As i n t e n s e   e f f o r t  a n d   h i g h   c o s t   a r e   c h a r a c t e r i s t i c  o f  groundwater  
s a m p l i n g ,   t h e   p r e l i m i n a r y   a s s e s s m e n t   p r o c e d u r e s   o u t l i n e d   i n   t h e   p r e v i o u s  
s e c t i o n s   s h o u l d   b e   i m p l e m e n t e d   f u l l y   b e f o r e   i n i t i a t i o n  o f  any  sampl ing i s  
contemplated.  I f  s u c h   a n   a s s e s s m e n t   i n d i c a t e s   t h a t   f u r t h e r   i n v e s t i g a t i o n  i s  
war ran ted ,   backg round   i n fo rma t ion   on   geo logy ,   hyd ro logy   and   so i l s   shou ld  be 
assemb led ,   where   ava i l ab le .   I n fo rma t ion  on e n g i n e e r i n g   a c t i v i t i e s   i n   t h e  
v i c i n i t y ,   i n c l u d i n g   f i l l e d   a r e a s ,   b u r i e d   t r e n c h e s ,   s t o r m   d r a i n s ,   i n f i l t r a t i o n  
g a l l e r i e s  a n d   c a n a l s   s h o u l d   b e   s o u g h t   b e f o r e   a n y   s a m p l i n g   i s   i n i t i a t e d .  

L o c a l   p r i v a t e  and p u b l i c   w e l l s   i n   t h e   v i c i n i t y   s h o u l d  be   loca ted  and t h e i r  
pumpage d e t e r m i n e d   o r   e s t i m a t e d .   W a t e r   l e v e l   d a t a   s h o u l d   b e   a v a i l a b l e   f r o m  
t h e s e   w e l l s   w h i c h  may i n d i c a t e  a need t o   m o n i t o r  more  than one a q u i f e r  
system.  Comprehensive  analys is  o f  se lected  water   samples  f rom  such w e l l s  
c o u l d   a l s o   b e   c o n s i d e r e d   a s   p a r t   o f   p r e l i m i n a r y   d a t a   c o l l e c t i o n .  

Se ismic   techn iques  and  g round  penet ra t ing   radar  a r e  methods o f  mapping  the 
s u b s u r f a c e   g e o l o g y .   R e s i s t i v i t y   s u r v e y s   a r e   u s e f u l   i n   l o c a t i n g  i t e m s  w i t h  
h igh   meta l   con ten t   such  as   p ipes   and drums  and  can a l s o   d e t e r m i n e   t h e   w a t e r  
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table  at  relatively  shallow  depths.  Although  application of these  techniques 
may  not be feasible  in all areas,  their use  should at least be considered in 
any  intensive  program to characterize  groundwater  because  they  are  relatively 
inexpensive in comparison to drilling  and  sampling  programs. 

If groundwater  sampling is required, it is strongly recommended that the 
following  publication be among  those reviewed in detail,  "Practical  Guide  for 
Ground-water  Sampling", by M.J .  Barcelona, J.P. Gibb et aJ., Department of 
Energy and Natural Resources, I L  (EPA/600/2-85/104). 

Additional useful information  is  also  contained in "Site  Assessment  System 
for  the  Michigan  Priority  Ranking  System  under  the  Michigan  Environmental 
Response  Act  (Act 307, P.A. 1982)," Michigan  Department of Natural  Resources, 
Site  Assessment  Unit,  Groundwater  Quality  Division, P . O .  Box 30028, Lansing, 
MI, 48909. 

These  publications  explain  the  steps involved in the development of a 
viable  long-term  groundwater  monitoring  effort  which are: 

1 .  Evaluation of hydrogeologic  setting and program  information  needs. 

2. Proper  well  placement  and  construction. 

3 .  Evaluation of well  performance and purging  strategies and 

4. Execution of effective  sampling  protocols,  which  include  the 
appropriate  sampling  mechanisms  selection and materials  as well as 
sample  collection  and  monitoring  procedures. 

a) Essential  Elements 

Quality  Assurance 

Any valid groundwater  survey  must be subjected  to  a  rigorous  quality 
assurance  program  from  the  outset.  Such  a  program  extends beyond a  concern 
for  the  quality of sample  analyses  to  include  such  topics a s  the 
representativeness o f  the  sample site(s), the  selection o f  appropriate  methods 
to develop and protect the well site(s) from  contamination,  selection of 
sampling  procedures  that  minimize  possible  contamination,  appropriate 
calibration of equipment, and maintenance of adequate  descriptor  records. All 
choices and decisions  made  during  the  program  should be documented,  along with 
the rationale  associated  with  them  and  references to  state of the  art 
procedures,  where  appropriate.  The  entire  exercise  assumes  a high level of 
training and expertise  among the sampling  crew. 

Representative  Groundwater  Sampling 

Groundwater  sampling  poses  more  difficulties in obtaining  a  representative 
sample  than  most  other  sampling  programs.  Significant  temporal and spatial 
variation  among  samples  taken  at  various  sites  can be  anticipated in any 
groundwater  sampling  program,  with  high  costs  often  precluding  the  execution 
of  a  program  that  will  yield  statistically  representative  data. 
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t a b l e   a t   r e l a t i v e l y   s h a l l o w   d e p t h s .   A l t h o u g h   a p p l i c a t i o n   o f   t h e s e   t e c h n i q u e s  
may n o t  be f e a s i b l e   i n   a l l   a r e a s ,   t h e i r  use  should a t   l e a s t  be  cons idered i n  
a n y   i n t e n s i v e   p r o g r a m   t o   c h a r a c t e r i z e   g r o u n d w a t e r   b e c a u s e   t h e y  a r e  r e l a t i v e l y  
i n e x p e n s i v e   i n   c o m p a r i s o n   t o   d r i l l i n g  and  sampling  programs. 

I f  groundwater   sampl ing i s   r e q u i r e d ,  i t  i s   s t r o n g l y  
f o l l o w i n g   p u b l i c a t i o n  be among t h o s e   r e v i e w e d   i n   d e t a i l  
Ground-water  Sampling",  by  M.J.  Barcelona,  J.P.  Gibb et 
Energy  and  Natural   Resources, I L  (EPA/600/2-85/104). 

A d d i t i o n a l   u s e f u l   i n f o r m a t i o n  i s  a l s o   c o n t a i n e d   i n  
f o r   t h e   M i c h i g a n   P r i o r i t y   R a n k i n g   S y s t e m   u n d e r   t h e   M i c h  

II 

i 

recommended t h a t   t h e  

d., Department  of  
" P r a c t i c a l   G u i d e   f o r  

S i t e  Assessment  System 
gan  Environmental 
o f   Na tu ra l   Resources ,  Response A c t   ( A c t  307, P - A .  1982)   , " -Mich igan  Depar tment  

S i t e  Assessment U n i t ,   G r o u n d w a t e r   Q u a l i t y   D i v i s i o n ,  P . O .  Box 30028,  Lansing, 
M I ,  48909. 

T h e s e   p u b l i c a t i o n s   e x p l a i n   t h e   s t e p s   i n v o l v e d   i n   t h e   d e v e l o p m e n t  o f  a 
v i a b l e   l o n g - t e r m   g r o u n d w a t e r   m o n i t o r i n g   e f f o r t   w h i c h   a r e :  

1 .  E v a l u a t i o n   o f   h y d r o g e o l o g i c   s e t t i n g  and  program  informat ion  needs. 

2.  Proper   we l l   p lacement  and c o n s t r u c t i o n .  

3 .  E v a l u a t i o n   o f  w e l l  pe r fo rmance   and   pu rg ing   s t ra teg ies  and 

4 .   E x e c u t i o n   o f   e f f e c t i v e   s a m p l i n g   p r o t o c o l s ,   w h i c h   i n c l u d e   t h e  
a p p r o p r i a t e   s a m p l i n g  mechanisms s e l e c t i o n  and m a t e r i a l s  as w e l l  as 
sample c o l l e c t i o n  and   mon i to r i ng   p rocedures .  

a )   Essen t ia l   E lemen ts  

Q u a l i t y   A s s u r a n c e  

Any va l i d   g roundwate r   su rvey   mus t  be s u b j e c t e d   t o  a r i g o r o u s   q u a l i t y  
a s s u r a n c e   p r o g r a m   f r o m   t h e   o u t s e t .  Such a program  extends  beyond a concern 
f o r   t h e   q u a l i t y   o f  sample  analyses t o   i n c l u d e   s u c h   t o p i c s   a s   t h e  
r e p r e s e n t a t i v e n e s s  o f  t h e   s a m p l e   s i t e ( s ) ,   t h e   s e l e c t i o n   o f   a p p r o p r i a t e   m e t h o d s  
t o   d e v e l o p  and p r o t e c t   t h e   w e l l   s i t e ( s )   f r o m   c o n t a m i n a t i o n ,   s e l e c t i o n  o f  
s a m p l i n g   p r o c e d u r e s   t h a t   m i n i m i z e   p o s s i b l e   c o n t a m i n a t i o n ,   a p p r o p r i a t e  
c a l i b r a t i o n   o f   e q u i p m e n t ,   a n d   m a i n t e n a n c e   o f   a d e q u a t e   d e s c r i p t o r   r e c o r d s .  All 
cho ices  and d e c i s i o n s  made dur ing  the  program  should  be  documented,   a long  wi th  
t h e   r a t i o n a l e   a s s o c i a t e d   w i t h   t h e m  and r e f e r e n c e s   t o   s t a t e   o f   t h e   a r t  
p rocedures ,   where   appropr ia te .  The e n t i r e   e x e r c i s e  assumes  a h i g h   l e v e l  o f  
t r a i n i n g  a n d   e x p e r t i s e  among the  sampl ing  crew.  

Representat ive  Groundwater   Sampl ing 

Groundwater  sampling  poses  more d i f f i c u l t i e s   i n   o b t a i n i n g  a r e p r e s e n t a t i v e  
sample  than m o s t  o the r   samp l ing   p rog rams .   S ign i f i can t   t empora l   and   spa t ia l  
v a r i a t i o n  among s a m p l e s   t a k e n   a t   v a r i o u s   s i t e s   c a n   b e   a n t i c i p a t e d   i n   a n y  
g roundwate r   samp l ing   p rog ram,   w i th   h igh   cos ts   o f ten   p rec lud ing   t he   execu t ion  
o f  a p r o g r a m   t h a t  will y i e l d   s t a t i s t i c a l l y   r e p r e s e n t a t i v e   d a t a .  
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The d e t a i l  and   p recau t ions   t o   be   cons ide red  when p l a n n i n g  a sampl ing 
program  can  on ly   be  addressed when  a l a r g e  amount  of q u a l i t y   i n f o r m a t i o n   i s  
a v a i l a b l e   f r o m   h i s t o r i c a l   r e c o r d s ,   p r e v i o u s   p r o g r a m s ,   r e m o t e   s e n s i n g   o r  a 
. p r e l i m i n a r y   s u r v e y .  The t y p e s  and d i s t r i b u t i o n   o f   g e o l o g i c   m a t e r i a l s ,   t h e  
occurrence  and movement o f   g r o u n d w a t e r   t h r o u g h   t h e   m a t e r i a l s ,   d e t e r m i n a t i o n   o f  
t h e   r e g i o n a l   g r o u n d w a t e r   f l o w   s y s t e m ,   t h e   r e l a t i v e   p e r m e a b i l i t y   o f   t h e  
m a t e r i a l s ,   a n d   t h e   s u b s e q u e n t   i n t e r a c t i o n s  among t h e s e   f a c t o r s   m u s t   a l l  be 
cons ide red .  

It h a s   b e e n   d e m o n s t r a t e d   r e p e a t e d l y   t h a t   t h e   e x t e n t   o f   a n   a q u i f e r   s y s t e m  
c a n   v a r y   f r o m   t h e   e x t r e m e l y   l o c a l i z e d   t o   t h e   r e g i o n a l .   G u i d e l i n e s   a r e  
a v a i l a b l e   i n   t h e   l i t e r a t u r e   f o r   e v a l u a t i n g   a q u i f e r   r e p r e s e n t a t i o n ,   e i t h e r  
t h r o u g h  a r e v i e w   o f   t h e   h i s t o r i c a l   r e c o r d   o r  a p r e l i m i n a r y   s u r v e y .  

I n   a d d i t i o n ,   t h e   s a m p l i n g   t e a m   m u s t   b e   a w a r e   o f   t h e   i n f l u e n c e   o f  w e l l  
p l a c e m e n t ,   s a m p l i n g   f r e q u e n c y ,   t h e   m o b i l i t y   a n d   p e r s i s t e n c e   o f   p o s s i b l e  
c o n t a m i n a n t s   a n d   t h e   e f f e c t   o f   t h e i r   p h y s i c a l  and   chemica l   p roper t i es .  It 
shou ld   be   apparen t   t ha t  a thorough  and  comple te   de termina t ion   o f   the  
r e p r e s e n t a t i v e n e s s   o f   t h e   d a t a   s e t  may o n l y   b e   p o s s i b l e   a f t e r   e x t e n s i v e  
p r e l i m i n a r y   s a m p l i n g .  

As w i t h   a n y   p r e l i m i n a r y   s a m p l i n g   a c t i v i t y ,   a n   a s s e s s m e n t  o f  t h e   e r r o r  
assoc ia ted   w i th   t he   se lec ted   samp l ing   p rocedure   and   appara tus   shou ld   be  
per fo rmed i n   t h e   l a b o r a t o r y .   W h i l e   s u c h  an  assessment  must  also be d u p l i c a t e d  
i n   t h e   f i e l d ,   t h e   l a b o r a t o r y   d e t e r m i n a t i o n  will g i v e  some i n d i c a t i o n  as t o   t h e  
l o w e r  limit o f   e r r o r   w h i c h   c o u l d   b e   a s s o c i a t e d   w i t h   t h e   m e t h o d o l o g y ,   t h u s  
p r o v i d i n g   f u r t h e r   g u i d a n c e   i n   t h e   s e l e c t i o n   o f   s p e c i f i c   m e t h o d s .  I f  an 
e x t e n s i v e   l a b o r a t o r y   v e r i f i c a t i o n   i s   n o t   p o s s i b l e ,   a t   l e a s t   p r o c e d u r e s  and 
e q u i p m e n t   w h i c h   c a n   b e   l i n k e d   t o   p r o v e n   p r o c e d u r e s   i n   t h e   l i t e r a t u r e   s h o u l d  be 
used. 

H y d r o g e o l o g i c   S e t t i n g  

The g e o l o g i c a l   m a t e r i a l s   e n c o u n t e r e d   i n   g r o u n d w a t e r   m o n i t o r i n g   p r o g r a m s  
can   be   ca tegor i zed   as   f o l l ows ;  1) porous  media, 2 )  f r a c t u r e d   m e d i a  and 3 )  
f rac tu red   po rous   med ia .   Po rous   med ia   i nc lude   sand   and   g rave ls ,   s i l t ,   l oess ,  
c l a y ,  till and  sandstone. I n   f r a c t u r e d   m e d i a ,   g r o u n d w a t e r   a n d   a s s o c i a t e d  
contaminants  move t h r o u g h   c r a c k s   o r   s o l u t i o n   c r e v i c e s   i n   m a t e r i a l  such  as 
d o l o m i t e s ,   s h a l e s ,   g r a n i t e s   a n d   c r y s t a l l i n e   r o c k .  The t h i r d   c a t e g o r y  embraces 
a s i t u a t i o n  w h e r e   t r a n s p o r t   i s   o c c u r r i n g   v i a   b o t h   t h e   p o r o u s  and t h e   f r a c t u r e d  
r o u t e s .   F r a c t u r e d   t i l l s ,   f r a c t u r e d   s a n d s t o n e   a n d  some f r a c t u r e d   s h a l e s  
e x h i b i t   t h i s   b e h a v i o r .  

Once  a d e t e r m i n a t i o n   o f   t h e   g e o l o g i c   s e t t i n g   i s  made, t h e   h y d r o l o g y   o f   t h e  
s p e c i f i c   s i t e   m u s t   b e   a s s e s s e d .   H o r i z o n t a l  and v e r t i c a l   g r o u n d w a t e r   f l o w  
pa ths   mus t   be   de te rm ined ,   as   we l l   as   t he   app rox ima te   ra tes  o f  such  movement. 
B u l k   f l o w   r a t e s   a r e   b e s t   e s t i m a t e d   b y   h y d r a u l i c   c o n d u c t i v i t y   a s  a measure o f  
t h e   s t r a t u m   p e r m e a b i l i t y   a n d   g r a d i e n t   d a t a   f r o m   t h e   t e s t i n g   o f   w e l l s   i n   t h e  
f i e l d .   L a b o r a t o r y   t e s t i n g   t o   d e t e r m i n e   h y d r a u l i c   c o n d u c t i v i t y   o f t e n   y i e l d s  
d a t a   w h i c h   v a r y   b y   o r d e r s   o f   m a g n i t u d e   f r o m   t h e   a c t u a l   f i e l d   v a l u e s .  

To e s t i m a t e   t h e   a c t u a l   o r   l i n e a r   f l o w   v e l o c i t i e s ,   t h e   e f f e c t i v e   ( o r  
d y n a m i c )   p o r o s i t y  o f  t h e   m a t e r i a l   m u s t   b e   d e t e r m i n e d .   G i v e n   t h a t   m e t h o d s   f o r  
m e a s u r i n g   e f f e c t i v e   p o r o s i t y   a r e   s t i l l   u n d e r   d e v e l o p m e n t ,   d r a i n a g e   p o r o s i t y   i s  
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of ten   used  as   an   approx imat ion .  Once these  fac to rs   have  been  es t imated ,  an 
a p p r o x i m a t e   r a t e   o f   t r a v e l   c a n   b e   d e t e r m i n e d   w h i c h   s h o u l d   i n d i c a t e   t h e  number 
o f   m o n i t o r i n g   w e l l s   r e q u i r e d   a n d   t h e i r   a p p r o p r i a t e   l o c a t i o n s ,   a s  w e l l  as t h e  
sampl ing   f requency .  

Sampling  Frequency 

The f r e q u e n c y   o f   s a m p l i n g   i s   d e p e n d e n t   o n   t h e   c h a r a c t e r i s t i c s   o f   t h e  
s o u r c e   b e i n g   e v a l u a t e d ,   t h a t   i s   w h e t h e r  it i s  a s p i l l ,   s l u g ,   i n t e r m i t t e n t   o r  
c o n t i n u o u s   s o u r c e ,   T h i s   a s s e s s m e n t   o f   s o u r c e ,   c o u p l e d   w i t h   t h e   i n f o r m a t i o n  
discussed  above,  should  be  adequate t o  de termine a p r e l i m i n a r y   s a m p l i n g  
f requency  . 

b)   Imp lementa t ion   o f   Sampl ing   Program 

Cons ide ra t i on   o f   Pa ramete rs  

Any success fu l   samp l ing   p rog ram  mus t   i nco rpo ra te  a r o b u s t ,   c o h e r e n t  
s a m p l i n g   p r o t o c o l   a n d   p r o v e n   a n a l y t i c a l  schemes.  Each s t e p  o f  the   p rogram 
development  and  sampl ing  execut ion  needs t o  b e   c a r e f u l l y  documented.  Rather 
than   f ocuss ing   immed ia te l y   on   t he   suspec ted   con taminan ts  o f  i n t e r e s t ,   t h e  
p r e l i m i n a r y   s a m p l i n g   p r o g r a m   s h o u l d   c o l l e c t  more  chemical   and  hydrogeological  
i n f o r m a t i o n   t h a n  may appear  t o  b e   i m m e d i a t e l y   n e c e s s a r y .   I n  a s i t u a t i o n  where 
n o   c h e m i c a l   d a t a   a r e   a v a i l a b l e ,   c o m p l e t e   m i n e r a l   a n a l y s i s   s h o u l d  be per formed 
i n   a d d i t i o n   t o   t h e   r o u t i n e   f i e l d   d e t e r m i n a t i o n s  (pH, Eh, tempera ture ,  
c o n d u c t a n c e   a n d   a l k a l i n i t y ) .   T h e s e   r e s u l t s   s h o u l d   a l l o w   d e f i n i t i o n   o f   t h e  
m a j o r   i o n   s o l u t i o n   c h e m i s t r y .  The c h e m i c a l   d a t a   a r e   v a l u a b l e   f o r   o b t a i n i n g  a 
b e t t e r  sense o f   t h e   s u b s u r f a c e   s y s t e m ,   a n d   i n d i c a t e   w h a t   s i g n i f i c a n t   m a t r i x  
e f f e c t s   c a n   b e   a n t i c i p a t e d   t o   i n f l u e n c e   t h e   s a m p l i n g   a n d   a n a l y s i s .   O n l y  when 
a comp le te   m ine ra l   ana lys i s   and  a c a r e f u l   a s s e s s m e n t   o f   i n f o r m a t i o n  needs a r e  
i n  hand  shou ld   any   add i t iona l   chemica l   parameters   be   cons idered.  

T o t a l   d i s s o l v e d   s o l i d s   c o n t e n t ,   e . g . ,  Na,  C1, SO, i s   t r a d i t i o n a  
de termined i n  any  groundwater  sampling  program. In   choos ing   sample  
and   hand l i ng   me thods ,   degass ing   ( l oss   o f  CO,) and  oxygenat ion,   caus 
l o s s   o f   i r o n  a n d   o t h e r   t r a c e   m e t a l s ,   a r e   t y p i c a l   o f   t h e   c o n c e r n s  wh 
addressed. 

1 lY  
c o l l e c t i o n  
i ng 
i c h  must  be 

A common assessment  approach i s   t o  enhance t h e   c o l l e c t i o n  o f  t h e  
t r a d i t i o n a l   p a r a m e t e r s   w i t h   t h e   a n a l y s i s   f o r  TOC (To ta l   Organ ic   Carbon)  and 
TOX (To ta l   Organ ic   Ha logens ) .   These   two   add i t i ona l   pa ramete rs  may g i v e  a 
p r e l i m i n a r y   i n d i c a t i o n   o f   t h e   i m p a c t   o f   w a s t e   r e l e a s e s   o n   g r o u n d w a t e r  
sys tems.   Par t i cu la r   care   must   be   taken i n   q u a n t i f y i n g   t h e   v o l a t i l e   f r a c t i o n  
o f   b o t h  TOC and TOX. Chemical   parameters t o  be q u a n t i f i e d   i n  a t y p i c a l  
d e t e c t i o n   m o n i t o r i n g   p r o g r a m   i n c l u d e  pH,  Eh, R-1 ( s o l u t i o n   c o n d u c t i v i t y )  
TOC, TOX, a l k a l i n i t y ,   t o t a l   d i s s o l v e d   s o l i d s ,  C1, N O a ,  SOS, POS, SiO,, Na, 
K ,  Ca, Mg, NH,, Fe and Mn. 

I n   f u r t h e r   r e f i n i n g  a l i s t   o f   pa ramete rs ,   t he   samp l ing   t eam  mus t   be   aware  
t h a t   t h e   o r g a n i c   m i x t u r e s   o f t e n   p r e s e n t   i n   s a m p l e s   i n c l u d e   n o t   o n l y   t h e  
p o l l u t a n t s   o f   i n t e r e s t   b u t   t h e i r   b y p r o d u c t s  or subs t i t u ted   congeners  as w e l l .  
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Wel l   P lacement   and  Const ruc t ion  

Whi le  it i s   n o t   t h e   i n t e n t i o n   o f   t h i s  document t o  examine  the  p lacement 
a n d   c o n s t r u c t i o n   o f   w e l l s   i n   a n y   d e t a i l ,  a few s a l i e n t   p o i n t s   d e s e r v e  some 
emphas is .   Be fo re   de te rm in ing   t he   p lacemen t   o f   any   we l l s ,   t he   con taminan t   f l ow  
p a t h   m u s t   b e   c l e a r l y   d e f i n e d   i n   t h r e e   d i m e n s i o n s .  Once w e l l   d r i l l i n g  and 
cons t ruc t ion   beg in ,   spec ia l   emphas is   must  be g i v e n   t o   t h e   c o l l e c t i o n   o f  
a c c u r a t e   w a t e r   l e v e l   d a t a .  The s e l e c t i o n   o f   d r i l l i n g   e q u i p m e n t   i s ,  o f  course,  
dependent on t h e   t y p e   o f   g e o l o g y   p r e s e n t ,   r e q u i r e d   s a m p l i n g   d e p t h  and 
e q u i p m e n t   a v a i l a b i l i t y ;   h o w e v e r ,   t h e   n a t u r e   o f   t h e   c o n t a m i n a n t s   b e i n g   s o u g h t  
and t h e   r e q u i r e d   d a t a   q u a l i t y   m u s t   a l s o   b e   c o n s i d e r e d .  The selected  method 
should  be one w h i c h   m i n i m i z e s   t h e   d i s t u r b a n c e   o f   t h e   g e o l o g i c a l   m a t e r i a l s  
p e n e t r a t e d  as w e l l  as t h e   i n t r o d u c t i o n   o f   c o n t a m i n a t i o n   b y   a i r ,   f l u i d s  and 
muds. C o s t   m u s t   n o t   b e   t h e   p r i m a r y   s e l e c t i o n   c r i t e r i o n   f o r   t h i s   p h a s e  o f  work 
s i n c e   t h e   e f f o r t  and  expense o f   o t h e r  segments o f  a s o p h i s t i c a t e d   s a m p l i n g  
program will overshadow t h i s   p a r t i c u l a r   e l e m e n t .   I n a p p r o p r i a t e   t e c h n i q u e s   a n d  
e q u i p m e n t   c o u l d   s e v e r e l y   c o m p r o m i s e   t h e   u t i l i t y   o f   t h e   d a t a .  

Once a n   a p p r o p r i a t e   d r i l l i n g   m e t h o d   h a s   b e e n   s e l e c t e d ,   c o n s i d e r a t i o n  
s h o u l d   b e   g i v e n   t o   w e l l   d e s i g n .  The w e l l   d i a m e t e r   s h o u l d   b e   h e l d   t o   t h e  
s m a l l e s t   p r a c t i c a l   s i z e   t o   m i n i m i z e   d i l u t i o n  and the   chemica l   changes  tha t   can  
o c c u r   i n   s t a n d i n g   w e l l   w a t e r .   D i a m e t e r s   o f   f i v e  cm a r e   p r e f e r a b l e ,   e x c e p t  
w h e r e   s a m p l i n g   d e p t h s   r e q u i r e   u s e   o f   l a r g e r   d i a m e t e r s .   D e p t h   i s   a l s o  a f a c t o r  
i n   t h e   s e l e c t i o n   o f  w e l l  c a s i n g   m a t e r i a l s .   W h i l e   T e f l o n "   i s   t h e   p r e f e r r e d  
m a t e r i a l   t o   m i n i m i z e   s a m p l e   c o n t a m i n a t i o n   b y   t h e   c a s i n g ,   i t s   s t r e n g t h   i s   n o t  
a d e q u a t e   f o r   u s e   a t   d e p t h s   i n   e x c e s s   o f   1 0 0  M. Other   mater ia ls ,   such  as  
s t a i n l e s s   s t e e l ,   c a n   b e   s u b s t i t u t e d   i n   t h e   u p p e r   c a s i n g  segment w h i l e  
Teflon'" i s  used a t   t h e   s a m p l i n g   l e v e l .  

S c r e e n   s i z e   i s   a n o t h e r   i m p o r t a n t   c o n s i d e r a t i o n   i n   t h e   w e l l   d e s i g n .  The 
s c r e e n   l e n g t h   s h o u l d   b e   h e l d   t o  a min imum  (genera l l y  60 cm o r   l e s s )   t o   e n s u r e  
t h a t   t h e  sample i s   f r o m   t h e   s t r a t u m   o f   i n t e r e s t .   S c r e e n   s l o t   s i z e   s h o u l d  be 
adequate t o   r e t a i n  90% of   any   g rave l   pack   mater ia ls   used  a round  the   sc reen.  
The p a c k   m a t e r i a l   s h o u l d   a l s o   b e   a s   i n e r t   a s   p o s s i b l e ;   s i l i c a   s a n d   o r   g l a s s  
beads  are recommended. Should  pack ing  not   be  used,  a s l o t   s i z e   a d e q u a t e   t o  
r e t a i n  60 t o  70% o f   t he   ma te r ia l s   oppos i te   t he   sc reen   shou ld   be   used .  

W e l l s  shou ld  be s e a l e d   a d e q u a t e l y   t o   p r e v e n t   t h e   e n t r y  o f  wa te r  f r o m  t h e  
s u r f a c e ,   o r   f r o m   f o r m a t i o n s   a b o v e   t h e   s a m p l e   d e p t h .   S e a l i n g   m a t e r i a l s   s h o u l d  
a l s o  be i s o l a t e d   f r o m   t h e   s a m p l i n g   l e v e l   b y  a 30 cm l a y e r   o f   r e l a t i v e l y   i n e r t  
m a t e r i a l   s u c h   a s   O t t a w a   o r   s i l i c a   s a n d .  All w e l l   c o n s t r u c t i o n   d e t a i l s   s h o u l d  
b e   t h o r o u g h l y  and c a r e f u l l y  documented  by d r i l l i n g   l o g s  and a w e l l  
c o n s t r u c t i o n   d i a g r a m .  The  use o f   m u l t i p l e   c o m p l e t i o n   w e l l s   i s   n o t   e n c o u r a g e d  
b e c a u s e   t h e   e f f e c t i v e n e s s   o f   w e l l   s e a l s   b e t w e e n   s a m p l i n g   p o i n t s   i s   o f t e n  
i n a d e q u a t e   t o   p r e v e n t   c o n t a m i n a t i o n .  

Well  Development 

Proper  w e l l  development t o   m i n i m i z e   t h e   i m p a c t   o f   i n t r u d i n g   f i n e s   i s  an 
essen t ia l   pa r t   o f   t he   samp l ing   p rog ram.   Wate r   samp les   shou ld   be   f ree   o f  
s u s p e n d e d   s o l i d s ;   f a i l u r e   t o   a c h i e v e   t h i s   g o a l   c o u l d   b i a s   t h e   c h e m i c a l   d a t a  
a n d   c a u s e   f r e q u e n t   c l o g g i n g   o f   f i e l d   f i l t e r i n g   s y s t e m s .  A number o f  
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t e c h n i q u e s   a r e   o u t l i n e d   i n   t h e   l i t e r a t u r e .   A g a i n ,   a d e q u a t e   c l e a n i n g   o f   t h e  
w e l l   w i t h   m i n i m a l   d i s r u p t i o n   o f   t h e   s u b s u r f a c e   s a m p l i n g   s i t e   i s   c r u c i a l   i n   t h e  
s e l e c t i o n   o f   a n y   p a r t i c u l a r   t e c h n i q u e .  

I n   a s s e s s i n g   t h e   w e l l   p e r f o r m a n c e ,   f i e l d   d e t e r m i n a t i o n s   o f   t h e   h y d r a u l i c  
c o n d u c t i v i t y   s h o u l d   b e  made, i n s t e a d   o f  a l a b o r a t o r y   d e t e r m i n a t i o n .  
C o n d u c t i v i t y   t e s t s   s h o u l d   b e   p e r f o r m e d   o n   e v e r y   w e l l   i n   t h e   m o n i t o r i n g   s y s t e m  
t o  e n s u r e   t h a t   t h e   h y d r a u l i c s   o f   t h e   s i t e   a r e   w e l l   u n d e r s t o o d   a n d  t o  p r o v i d e  
i n f o r m a t i o n   f o r   d e t e r m i n i n g   s a m p l i n g   p r o c e d u r e s   a n d   f r e q u e n c i e s .   S l u g   a n d  
b a i l i n g   t e c h n i q u e s ,   a s   d e s c r i b e d   i n   t h e   l i t e r a t u r e ,   c a n   b e   u s e d  t o  de termine 
h y d r a u l i c   c o n d u c t i v i t y ,   o r  pump tes ts   can   be   a t tempted .   Hyd rau l i c  
conduc t i v i t y   de te rm ined   by   any   o f   t hese   me thods   shou ld   no t   be   cons ide red   any  
more   p rec i se   t han  220%. S h o u l d   e x e c u t i o n   o f   s u c h   t e s t s   t o   a n   a d e q u a t e   l e v e l  
o f   a c c u r a c y   p r o v e   d i f f i c u l t   o r   i m p o s s i b l e ,   h i s t o r i c a l   w a t e r   l e v e l   d a t a   c a n   b e  
a n a l y z e d   b y   p r o c e d u r e s   a l s o   a v a i l a b l e   i n   t h e   l i t e r a t u r e .  

Wel l   maintenance  procedures  must  be o u t l i n e d  a n d   f o l l o w e d   t o   e n s u r e   t h a t  
s a m p l e s   f r o m   e a c h   l o c a t i o n   r e m a i n   r e p r e s e n t a t i v e .   W a t e r   l e v e l s   s h o u l d   b e  
mon i to red   ca re fu l l y ;   any   exposure   o f   t he   sc reened   segmen t   o f   t he   we l l   t o   t he  
atmosphere  dur ing a l ow   wa te r   pe r iod   can   compromise   t he   va l i d i t y   o f   t he   samp le  
d a t a .   T u r b i d i t y   o r   d e c r e a s e s   i n   h y d r a u l i c   c o n d u c t i v i t y  may be i n d i c a t i o n s   o f  
t h e  need t o   r e d e v e l o p   p a r t i c u l a r   w e l l s .   C h e m i c a l   e n c r u s t a t i o n   o r   b a c t e r i a l  
g rowth  on t h e  w e l l  sc reen may a l s o   r e s u l t   i n   d e c r e a s e d   w e l l   p e r f o r m a n c e   a n d   a n  
a l t e r a t i o n   i n   t h e   c h e m i c a l   p r o p e r t i e s   o f   t h e   c o l l e c t e d   s a m p l e s .  

Sampl ing  o f   Wel ls  

The  number o f   me thods   f o r   measur ing   wa te r   l eve l s   range   f rom  the   use   o f  
s t e e l   t a p e   t o   p r e s s u r e   t r a n s d u c e r s .   A g a i n ,  a method  should  be  selected  which 
i s   c o n s i s t e n t   w i t h   t h e   n e c e s s a r y   d a t a   q u a l i t y .   P r i o r   t o   t h e  sample 
c o l l e c t i o n ,   w e l l s   m u s t   b e   p u r g e d   o f   s t a n d i n g   w a t e r   s i n c e   s u c h   w a t e r   i s   n o t  
r e p r e s e n t a t i v e   o f   a q u i f e r   w a t e r   q u a l i t y .   G i v e n   t h e   s m a l l   s u r f a c e   a r e a   o f   t h e  
exposed   aqu i fe r   be ing   samp led   and   t he   p re fe rence   f o r   l ow   pu rge   and   samp l ing  
r a t e s ,   c a r e   s h o u l d  be t a k e n   t o   e n s u r e   t h a t   s a m p l e s   d o   n o t   c o n t a i n   a n y   p o r t i o n  
o f   s tand ing   wa te r .   Ma themat i ca l   t echn iques   f o r   de te rm in ing   t he   sou rces   o f  
w a t e r   a t   v a r i o u s   t i m e s   i n   t h e   s a m p l i n g   a r e   a v a i l a b l e   i n   t h e   l i t e r a t u r e .  

Sampl ing   techn iques   and  mater ia ls   must  be s e l e c t e d   t o   e n s u r e   m i n i m a l  w e l l  
d is tu rbance  and  sample   con taminat ion .  The e f f e c t   o f   a n y   a l t e r a t i o n   i n  
s a m p l i n g   p r o t o c o l   b e t w e e n   t h e   p r e l i m i n a r y   a n d   t h e   f i n a l   p r o g r a m   o n   d a t a  
qua l i t y   shou ld   be   assessed   by   d i rec t   compar i son   samp l ing ,   e .g .  a s h i f t   f r o m  
b a i l i n g   t o   t h e  use o f  a b l a d d e r  pump. S a m p l i n g   f o r   d i s s o l v e d   g a s e s   o r  
v o l a t i l e   o r g a n i c s   i s   p a r t i c u l a r l y   p r o n e   t o   s i g n i f i c a n t   e r r o r ,  and  a l though 
f u r t h e r   r e f i n e m e n t  of  techn iques  i s  a n t i c i p a t e d   i n   t h e   n e a r   f u t u r e ,   p o s i t i v e  
d i sp lacemen t   b ladder  pumps appear t o   o f f e r  more   assu rance   o f   qua l i t y   samp l ing  
t h a n   b a i l e r s ,   s u c t i o n - l i f t   o r   a i r - l i f t   d e v i c e s .  

S e l e c t i o n   o f   a p p r o p r i a t e   m a t e r i a l s   f o r   e a c h   a p p l i c a t i o n   i n   t h e   w e l l  
sampl ing  program  should  be made on t h e   b a s i s   o f   d u r a b i l i t y ,  ease o f   c l e a n s i n g  
and t h e   m i n i m i z a t i o n   o f   s e c o n d a r y   e f f e c t s   s u c h   a s   s o r p t i o n   o r   l e a c h i n g .  
Tubing i s  among t h e   m o s t   c r i t i c a l   s e l e c t i o n s   t o  be made i n   t h e   d e s i g n   o f  a 
sampl ing  system. All commonly  used t u b i n g   m a t e r i a l s   s o r b   o r g a n i c  compounds t o  
some e x t e n t .  The e f f e c t  i s  most  pronounced f o r   p o l y v i n y l   c h l o r i d e  and s i l i c o n  
rubber.   Tef lon'"   components  appear  super ior  t o   a l l   o t h e r   m a t e r i a l s   f o r  
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groundwater  sampl ing,   and i t s  u s e ,   a l o n e   o r   i n   c o m b i n a t i o n   w i t h   o t h e r  
s t r u c t u r a l l y   s t r o n g e r   m a t e r i a l s ,   i s   e n c o u r a g e d .  

I n   p e r f o r m i n g   t h e   p r e l i m i n a r y   s a m p l i n g ,  a g e o l o g i s t   s h o u l d   l o g   t h e   w e l l .  
Head measurements  should  be  obtained a t   v a r i o u s   d e p t h s   u s i n g   t e m p o r a r y   s c r e e n s  
a n d   w a t e r   s a m p l e s   s h o u l d   b e   t a k e n   c o n t i n u o u s l y   a s   t h e   w e l l   i s   d r i l l e d .  
A n a l y s i s  o f  these  samples   cou ld   p rov ide  a p r e l i m i n a r y  w a t e r  q u a l i t y   p r o f i l e  
e s t i m a t e   t h r o u g h   t h e   w e l l   d e p t h .  

All p r e l i m i n a r y   s a m p l i n g   w e l l s   s h o u l d  be f u l l y  screened t o  d 
samp le   con tamina t ion .   Geophys ica l   p roper t i es   can   be   no ted   wh i l e  
uncased. An i n d i c a t i o n   o f   r e q u i r e d   s c r e e n   s i z e   c a n   a l s o   b e   o b t a  
d r i l l i n g   d a t a .  

i scourage 
t h e   h o l e   i s  

i n e d   f r o m   t h e  

Wh i le  many s a m p l i n g   p r o g r a m s   i n c o r p o r a t e   s a m p l e   f i l t r a t i o n   i n   t h e   f i e l d ,  
use  o f   such a p r o c e d u r e   w h i l e   c o l l e c t i n g  TOX and TOC da ta   shou ld  be 
d i s c o u r a g e d .   S e t t l i n g   a n d   d e c a n t i n g   i s   t h e   p r e f e r r e d   t e c h n i q u e   i n   t h i s   c a s e ;  
a n y   n e c e s s a r y   f i l t r a t i o n   s h o u l d  be  performed i n   t h e   l a b o r a t o r y .  F i l t e r s  
c o n s t r u c t e d   o f   m a t e r i a l s   a p p r o p r i a t e   t o   t h e   s a m p l i n g  and a n a l y t i c a l   p r o t o c o l  
should  be  used. Vacuum f i l t r a t i o n   o f   g r o u n d w a t e r  samples i s   n o t  recommended. 

O f t e n  it i s   b e s t   t o   p e r f o r m   a n a l y s i s  of  i n o r g a n i c   c o n s t i t u e n t s   s u c h   a s  pH, 
a l k a l i n i t y ,   f e r r o u s   i r o n ,   s u l f i d e ,   n i t r i t e  and ammonium i n   t h e   f i e l d ,   r a t h e r  
t h a n   p r e s e r v e   s a m p l e s   f o r   s h i p m e n t   b a c k   t o   t h e   l a b o r a t o r y .   E v e r y   a t t e m p t  
should  be made t o   m i n i m i z e   t h e   t i m e   b e t w e e n   s a m p l e   c o l l e c t i o n  and a n a l y s i s .  

c )   Q u a l i t y   A s s u r a n c e  

Any samp l ing   p rog ram  mus t   i nco rpo ra te   t he   use  of  f i e l d   b l a n k s  and 
s tandards .   Sp iked   samp les   and   b l i nd   con t ro l s   p rov ide  a r e a l i s t i c   e s t i m a t e   o f  
a n a l y t i c a l   r e c o v e r i e s  and  subsequent  accuracy.  All such  measures  should be 
p e r f o r m e d   f o r   a t   l e a s t   t h e   m o s t   s e n s i t i v e   c h e m i c a l   c o n s t i t u e n t s  on  each 
s a m p l i n g   d a t e .   F i e l d   s p i k e d   s a m p l e s   a n d   b l i n d   c o n t r o l s   s h o u l d  be prepared i n  
t h e   f i e l d   b y   s p i k i n g   s t o c k   s a m p l e s   i n t o   t h e   a p p r o p r i a t e   b a c k g r o u n d   s o l u t i o n .  
P a r t i c u l a r   a t t e n t i o n   s h o u l d  b e   p a i d   t o   t h e   s t o r a g e  and t r a n s p o r t   o f  samples 
f r o m   t h e   f i e l d .  

A n a l y s i s  o f  Samples 

As e m p h a s i z e d   p r e v i o u s l y ,   t h e   a n a l y t i c a l  segment   must   conta in   the same 
l e v e l   o f   q u a l i t y   a s s u r a n c e   a n d   d o c u m e n t a t i o n  as a l l   o t h e r   a s p e c t s   o f   t h e  
sampl ing   p rogram.   C lose   and  cont inued  coord ina t ion  among t h e   f i e l d   s a m p l i n g  
team, t h e   a n a l y t i c a l   s t a f f  a n d   t h e   s u p e r v i s o r   o f   t h e   p r o j e c t   m u s t  be 
m a i n t a i n e d   t o   e n s u r e   t h a t   t h e   o b j e c t i v e s   o f   t h e   p r o g r a m   a r e   m e t   t h r o u g h  
w h a t e v e r   n e c e s s a r y   m o d i f i c a t i o n s .  The ana ly t i ca l   p rog ram  shou ld   a l so   be  
d r i v e n   b y   t h e   m o s t   s e n s i t i v e   p a r a m e t e r ,   b u t   d e t e r m i n a t i o n s   o f   t h e   q u a l i t y  o f  
t he   o the r   pa ramete rs   ana lyzed   mus t   no t   be   i gno red .  I f  p o s s i b l e ,   a l l  samples 
should  be  analyzed  by a s i n g l e   l a b o r a t o r y ,   w i t h  a s e c o n d   l a b o r a t o r y   p r o v i d i n g  
q u a l i t y   a s s u r a n c e   t h r o u g h   a n a l y s i s   o f   s p i k e s  and s p l i t  samples. 

d )  Conc 1 us i on 

The p r e c e d i n g   d i s c u s s i o n  was e x t r a c t e d   f r o m  a more  comprehensive  document 
t o   i n d i c a t e   t h e   s u b s t a n t i v e   i s s u e s   w h i c h  any  groundwater  sampl ing  program  must 
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address.  It shou ld   no t   be   cons ide red  a comp le te   gu ide ;   ra the r ,  it should 
encourage  those who must  undertake  such  programs t o  seek o u t   t h e   m o s t   c u r r e n t  
i n f o r m a t i o n   i n   t h e   l i t e r a t u r e  and t o   r e t a i n   c o m p e t e n t   s t a f f   w i t h   t h e   l e v e l   o f  
e x p e r i e n c e   s u c h   a n   e f f o r t   r e q u i r e s .  

4 .6 CALCULATION OF RELATIVE LOADING 

4 . 6 . 1   I n f o r m a t i o n  From the   Wate r   Sec t i on  

A f t e r  a boundary   has   been  de f ined  by   the   sc reen ing   p rocess ,   mater ia l  
f luxes   f rom  ups t ream  and  downst ream  boundar ies  become s o u r c e s .   Q u a n t i f i c a t i o n  
o f   t h e s e   f l u x e s   i s   r e q u i r e d   t o   p u t   t h e   m a j o r   s o u r c e s   i n   p e r s p e c t i v e .   I d e a l l y ,  
t h e s e   f l u x e s  will represent   background  leve ls   and  shou ld  be n e a r   z e r o .   I n  
cases   where   the   boundary   f lux  i s  a m a j o r   p e r c e n t a g e   o f   t h e   t o t a l   l o a d ,   t h e  
boundar ies   have  been  inadequate ly   de f ined.  

F o r   e v e r y   p a r a m e t e r   l i s t e d   i n   a n   A r e a  o f  Concern,   synopt ic   loading 
e s t i m a t e s   a r e   r e q u i r e d   u n d e r  a v a r i e t y   o f   m e t e o r o l o g i c a l   c o n d i t i o n s .  A t  a 
min imum  these  wou ld   inc lude  spr ing   runof f   and  low  f low.   Ups t ream  load ing  
e s t i m a t e s   s h o u l d   b e   s t r a i g h t f o r w a r d ,   e s p e c i a l l y  i f  t h e   s t r e a m  gauge i s  nearby,  
b u t   t h e   d o w n s t r e a m   f l u x ,  i f  needed, may be d i f f i c u l t   t o   q u a n t i f y  due t o  
c o m p l i c a t e d   h y d r a u l i c s .  The t e c h n i q u e s   f o r   t h e s e   p r o c e d u r e s   a r e   d e s c r i b e d   i n  
t h e   W a t e r   S e c t i o n  ( 5 ) .  

4.6.2 In fo rma t ion   F rom  the   Sed imen t   Sec t i on  

S i n c e   t h e   v a s t   m a j o r i t y   o f   A r e a s   o f   C o n c e r n   h a v e   s i g n i f i c a n t   q u a n t i t i e s  o f  
i n - p l a c e   p o l l u t a n t s ,   t h e   s e d i m e n t s   i n   t h e s e   a r e a s   m u s t   b e   c o n s i d e r e d  as 
p o t e n t i a l   s o u r c e s .  The v a r i a b l e s   t h a t   i n f l u e n c e   t h e   c o n t r i b u t i o n  o f  i n - p l a c e  
p o l l u t a n t s   i n c l u d e :   c u r r e n t   s t r e s s  due t o  w i n d ,   h i g h   f l o w   o r   s h i p   t r a f f i c ,  
a n d   h y d r a u l i c   a c t i o n   d u e   t o   g r o u n d w a t e r   f l o w .   T h e r e f o r e ,   q u a n t i f y i n g   t h e  
r e l a t i v e   c o n t r i b u t i o n   f r o m   s e d i m e n t s  will i n c l u d e   c a l c u l a t i o n s   f o r  
r e s u s p e n s i o n   a n d   d i f f u s i o n .   I n  some c a s e s ,   t h e   l o a d i n g   f r o m   i n - p l a c e  
p o l l u t a n t s  will be a m a j o r   p e r c e n t a g e   o f   t h e   t o t a l   l o a d  and t h i s  will i n d i c a t e  
a r e m e d i a l   a c t i o n .  However, i n   a l l  cases, i t  i s  n e c e s s a r y   t o   p u t   t h e  
impor tance o f  s e d i m e n t   l o a d i n g s   i n   p e r s p e c t i v e .   T h i s   i s   a c c o m p l i s h e d  by a 
w o r s t - c a s e   a n a l y s i s   t h a t   i n d i c a t e s   t h e   q u a n t i t y   o f   m a t e r i a l   a v a i l a b l e   f o r  
r e i n t r o d u c t i o n   i n t o   t h e   w a t e r   c o l u m n   a n d  i t s  c o n c e n t r a t i o n .  The techn iques  
f o r   t h i s   e s t i m a t e   a r e   a v a i l a b l e  a n d   a r e   d e s c r i b e d   i n   t h e   S e d i m e n t   S e c t i o n  ( 6 ) .  

4.6.3 R e l a t i v e  Load C a l c u l a t i o n  

Once l o a d i n g   e s t i m a t e s   a r e   a v a i l a b l e   f r o m   a l l   m a j o r   s o u r c e s ,   t h e   r e l a t i v e  
c o n t r i b u t i o n s   c a n   b e   e s t i m a t e d .  However, it i s  necessary t o  u s e   c o n s i s t e n t  
t i m e   p e r i o d s   o v e r   w h i c h   t h e   d e t e r m i n a t i o n   i s   t o   b e  made. For  example, i f  
s o u r c e   e s t i m a t e s   a r e   a v a i l a b l e   f o r   t h e   m o n t h   o f   A u g u s t ,  i t  wou ld   no t  be 
a p p r o p r i a t e   t o   u s e   t h e   f o l l o w i n g   f o r m u l a   w i t h   b o u n d a r y   l o a d s  and i n - p l a c e  
p o l l u t a n t   r e s u s p e n s i o n   e s t i m a t e s   f r o m   t h e   s p r i n g   r u n o f f   p e r i o d .  Once a 
c o n s i s t e n t   t i m e   f r a m e   i s   s e l e c t e d ,   t h e   f o l l o w i n g   e q u a t i o n   s h o u l d  be  used t o  
c a l c u l a t e   t h e   r e l a t i v e   c o n t r i b u t i o n s   f r o m  each  source: 
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where Li i s  the   load  i n  kg/day o f  source i over   the   appropr ia te   t ime  per iod  
and n 

1 L i  i s  t h e  sum o f  a l l   s o u r c e s   o r   t h e   t o t a l   l o a d   ( i n c l u d i n g  
i = l  boundary  fluxes and in -p lace   po l lu t an t   l oad ing   e s t ima tes . )  

The % Lis should be ranked  f rom  highest   to   lowest  and presented i n  a t a b l e .  
The t ab le   shou ld   i nc lude   t he  name o f  the   source ,   the   rank ,   the   percentage  o f  
the  t o t a l   l o a d  ( %  Li) and the   cumula t ive   percentage .  
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5.1 INTRODUCTION 

All but three of the 4 2  Areas of Concern  currently designated in the Great 
Lakes  basin  have  identified  problems  associated  with one  or  more toxic 
substances  (metals  and/or  synthetic  organic  chemicals) i.e. concentrations 
exceed  guidelines or  objectives  for  the  protection of aquatic  life,  human 
health, or  for  the  open  water  disposal of dredged  materials.  These  problems 
relate  almost  exclusively  to  contaminant  concentrations in fish  tissue and 
sediments. For organics,  specifically,  there is a  paucity  of  data  on  the 
concentrations  of  these  substances in ambient  water.  This is not  surprising 
given  that  reliable  quantification of these  substances  at  the  extremely low 
concentrations  generally  encountered in water  usually  requires  applying 
state-of-the-art  sampling  and  analytical  methodologies,  which  are  not 
generally used by most  agencies  charged  with  routine  surveillance and 
monitoring  responsibilities.  Even  when  these  more  sophisticated  methodologies 
are  used,  concentrations  for  the  majority of these  organic  compounds in the 
water  column  are  either  non-detectable  or  extremely  low, i.e. in the pg/L, 
e.g. dioxins,  furans,  to ng/L, e.g. PCB,  HCB  range. 

A plethora of "standard  methods"  have been  published  for  a  number o f  these 
compounds in various  environmental  media.  Unfortunately,  the  detection  limits 
are  not  sensitive  enough  to  provide  quantitative  results  for  concentrations 
normally  encountered in ambient  water  samples.  Consequently,  we  are  usually 
faced, in both this  situation and in situations  where  no published  "standard 
methods'' exist, with having to accept  or  reject  data  generated by individual 
investigators  who  have  either  developed  their  own  methodology  or modified 
existing  ones.  This  brings  into  question  the  whole  issue of method 
validation,  QA/QC,  etc.  Even  using  acceptable  state-of-the-art  techniques and 
quality  control  procedures, the precision and accuracy  of  analyses  performed 
at  these  low  levels  may be subject  to  considerable  variation.  This  inherent 
high  degree of variability in results,  caused by methodological and natural 
factors,  increases the difficulty in interpreting  the  data and obtaining  a 
good  definition of the  significance of the  problem and thus  the  most  effective 
remedial  actions. 

Methodological  considerations  aside,  where  reliable  data  do  exist,  they 
indicate  that  the  concentrations of  metals and organics  exhibit  a  large  degree 
o f  spatial and temporal  variability in the water  column.  Furthermore, there 
are  considerable  differences in how  various  metals and organic  compounds  or 
classes of compounds  partition  themselves  between  the  "dissolved" and 
"particulate1I  phases  in  water. 

The  formation  of  particles by chemical  reactions and biological  processes 
and their  role in the  cycling and removal of chemicals  in  natural  waters  have 
been of interest  for at least  a  century.  The  distribution of chemical 
substances  between  "solution" and the  suspended  particulates has been widely 
recognized  as  a  major  factor in their  geochemical  behavior,  transport and 
biological  effects.  Different  results  have been noted  when  comparing  batch 
extraction  techniques on whole  water  samples  versus  summing the analytical 
results  from  samDles  which  have been Dhase  separated.  i.e.  "dissolved" + 
particulate  fractions.  This is probably  due t o  different  extract 
efficiencies  using  the two approaches.  The  differences  appear  to 
with increasing  particulate  concentrations ( B .  Oliver,  CCIW, NWRI 

ion 

, pers. 
be greater 
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comm.) 1-his could be significant in some of the  harbor and river  mouth  Areas 
of Concern. 

Given these  considerations,  it is  strongly  recommended  that  ambient  water 
samples  be  phase  separated  into  "dissolved" and suspended  particulate 
fractions  prior  to  analysis and that  the  concentration of suspended 
particulate  material in the  water  also be quantified.  It  should be noted  that 
all future  references to  analysis of "waterll in this  section  should be 
interpreted as analysis o f  both the ndissolved" and suspended particulate 
phases. 

While  ambient  water is a good  medium  for  monitoring  concentrations of 
metals,  major  ions,  nutrients and hydrophilic  organics, e.g. NH3, phenols, 
it  is not  the  best  medium  for  measuring  hydrophobic  organics.  These  are, in 
most  cases,  the  classes of substances  identified  as  causing  problems in the 42 
Areas of Concern. A more  cost-effective  strategy  for  remedial  actions  could 
be developed by monitoring  specific sources. In this  regard,  Figure 1 o f  this 
document,  which  outlines  the  generalized  process  for  developing  a remedial 
action  plan,  emphasizes  the  importance of water  measurements in defining 
problem  sources. 

Despite  the  difficulties,  there  are  many  reasons  why  knowledge of trace 
contaminant  concentrations in the  water  column is  desirable.  Water  is  the 
primary  transport  mechanism  for  substances  into  the  system and their  ultimate 
removal  either to  recipient  water  bodies (i.e.  lakes) or  to sinks (i.e. 
sediments and atmosphere). By introducing and dispersing  these  substances in 
the  system, wate.r  is the  initial  exposure  route to organisms and sediments in 
the  system, and the  subsequent  absorption/adsorption and bioaccumulation 
mechanisms  that  further  distribute  these  substances  throughout  the  various 
environmental  compartments.  With few exceptions, e.g. determination of 
compliance  with  established  water  quality  criteria;  determination of trends in 
concentrations,  measurements of trace  contaminant  concentrations in water 
alone  do  not  provide  a  strong  basis  for  determining  impact and consequently 
the need for  remedial  actions  or  the  effectiveness of such  actions. Even 
those  exceptions  cited  have  not been  without  their  difficulties in 
interpreting and applying  the  results  (this is further  discussed below). The 
importance of measurements in water  relates  directly  to  the  extent  to  which 
these  measurements  augment  data  collected on sources and measurements  on  biota 
and sediments.  Water  measurements  provide  a  better  understanding of the 
nature and extent of the  problem,  a  better  definition o f  impact,  a  focussing 
of  efforts to remediate  sources,  and aid in tracking  the  effectiveness of 
these  actions.  These  are  the  stages, in effect, to characterize and deal with 
an Area of Concern. 

5.2 APPROACH 

Characterizing  problems in an  Area of Concern  requires  careful 
consideration of the  sampling  program  design and analytical  protocols 
including  sample  location,  number  of  samples,  number of replicates,  sampling 
frequency,  sampling  devices,  sample  handling  techniques,  analytical  methods, 
sample  storage,  parameters  to be measured,  etc.  The  variation in the  types 
and  sources o f  problems  and  the  different  hydrodynamic  regimes o f  the 42 Areas 
of  Concern  precludes  the  development o f  any  generic  water  sampling plan with 
the level of detail that  would  provide  adequate  data  for  every  area.  There 
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are,  however,  some f u n d a m e n t a l   c o n s i d e r a t i o n s   i n   s e t t i n g  up  any  water  sampling 
and a n a l y t i c a l   p r o g r a m .  The g e n e r a l   s t a t i s t i c a l   c o n s i d e r a t i o n s   f o r   s a m p l i n g  
des ign   a re   addressed i n   S e c t i o n  Seven o f   t h i s  document.  Consequently,  the 
approach  taken i n   t h e   r e m a i n d e r  o f  t h i s   s e c t i o n   i s   t o   c o n s i d e r ,   i n   g e n e r a l  
te rms,  why t h e  measurement o f  t r a c e   c o n t a m i n a n t s   i n   a m b i e n t   w a t e r   i s  a 
c o n c e r n ;   c o n s i d e r a t i o n s   f o r   s a m p l e   c o l l e c t i o n   a n d   p r e p a r a t i o n ;   a n d  some 
g e n e r a l   g u i d e l i n e s   o n   a n a l y t i c a l   p r o t o c o l s   w h i c h   w o u l d   p r o v i d e  
s t a t e - o f - t h e - a r t   d a t a .  

5 .3  WHY MEASURE AMBIENT WATER? 

As s t a t e d   i n   t h e   I n t r o d u c t i o n ,   w a t e r   i s   p r o b a b l y   n o t   t h e   b e s t  medium f o r  
c h a r a c t e r i z i n g   p r o b l e m s   i n   t h e s e  42 Areas   o f   Concern ,   cons ider ing   the   p rob lems 
and  chemical  compounds present .   Indeed,  when d e t e r m i n i n g   t h e   n a t u r e   a n d  
e x t e n t   o f  a problem,  measurements i n   w a t e r   a r e   i m p o r t a n t   o n l y   i n s o f a r  as t h e y  
augment  measurements i n   o t h e r  med ia   and/or   de l ina te   sources   o f   the   p rob lem,  
i n c l u d i n g   i n p u t s  and  ups t ream/downst ream  ex ten t   o f   in f luence.  The Water  Group 
was c o n s e q u e n t l y   f a c e d   w i t h   a n s w e r i n g   t h e   q u e s t i o n   o f   t h e   u t i l i t y   o f   s a m p l i n g  
ambien t   water .  

I n   a n s w e r i n g   t h i s   q u e s t i o n ,   t h e  Group i d e n t i f i e d  s e v e n   c a t e g o r i e s   f o r  
which  measurements  o f   t race  contaminants  i n   w a t e r   w o u l d  be i m p o r t a n t .  These 
seven  ca tegor ies  and t h e i r   i m p l i c a t i o n s   i n   t e r m s   o f  management o f   t h e   p r o b l e m  
i n  an  Area o f  Concern   inc lude:  

CATEGORY MANAGEMENT IMPLICATION 
1 .  S o u r c e   i d e n t i f i c a t i o n   P r o b l e m  identification/verification 
2 .  L o a d i n g   c o n t r i b u t i o n s  - na tu re /ex ten t / sou rces  
3 .  Compl i ance  

4.   Pathways  Problem  understanding 
5 .  B i o l o g i c a l   i m p a c t  - impact  

6 .  Trends 1 3 -  Success o f   r e m e d i a l   a c t i o n s  

7 Emerging  problems } 4 .  New p o t e n t i a l   p r o b l e m s  

Two p o i n t s   r e g a r d i n g   t h e   c a t e g o r i e s   p r e s e n t e d   a b o v e   n e e d   t o  be 
e m p h a s i z e d .   F i r s t ,   w h i l e   t h e   c a t e g o r i e s   a r e   l i s t e d   i n  a l i n e a r   f a s h i o n ,   t h e y  
f o r m   a n   i t e r a t i v e   p r o c e s s   a l o n g   w i t h   t h e i r   a s s o c i a t e d  management 
i m p l i c a t i o n s .   S p e c i f i c a l l y ,   r e s u l t s   f r o m   c a t e g o r i e s  s i x  and  seven  could 
i n d i c a t e   t h e  need f o r  new o r  a d d i t i o n a l   w o r k   i n   c a t e g o r i e s  one t h r o u g h   f i v e .  
Second,  and  most s i g n i f i c a n t ,   t h e   m a j o r   r e q u i r e m e n t s   f o r   w a t e r   m e a s u r e m e n t s  
a r e   d i r e c t l y   r e l a t e d  t o  c a t e g o r i e s  one th rough   th ree ,  i . e .  c h a r a c t e r i z i n g /  
v e r i f y i n g   t h e   t o x i c   s u b s t a n c e s   p r o b l e m s   i n   A r e a s   o f   C o n c e r n ,   n a t u r e ,   e x t e n t  
and   sou rces .   Assessmen t   o f   impac t   re l i es   a lmos t   exc lus i ve l y  on  measurements 
i n   o t h e r   m e d i a ,   s p e c i f i c a l l y   s e d i m e n t s  and b i o t a .  Each o f   t h e   s e v e n  
c a t e g o r i e s   a r e   d i s c u s s e d   b e l o w   w i t h  some b r i e f  comments where   app l i cab le   on  
p o s s i b l e   l i m i t a t i o n s .  

S o u r c e   I d e n t i f i c a t i o n :  The u l t i m a t e   o b j e c t i v e   i n   A r e a s  o f  Concern i s   t o  . 
r e s t o r e .   b e n e f i c i a l   u s e s   b y   a m e l i o r a t i n g   t h e   p r o b l e m s   t h a t   c a u s e   d e g r a d a t i o n .  
I m p l i c i t   i n   t h i s   g o a l   i s   i d e n t i f i c a t i o n  and  remed ia t ion  o f  p rob lem sources. 
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Many s t u d i e s   h a v e   b e e n   u s e f u l   f o r   t r a c k i n g   s p e c i f i c   o r   p r e v i o u s l y   u n r e c o g n i z e d  
s o u r c e s   b y   a n a l y z i n g   a m b i e n t   w a t e r   f o r   c o n c e n t r a t i o n   g r a d i e n t s   o f   p a r t i c u l a r  
con taminants .   Un less  some p r e v i o u s   i n f o r m a t i o n   i s   a v a i l a b l e  on chemical  
, i n v e n t o r i e s ,   e . g .   s o u r c e   m o n i t o r i n g ,   t h i s   c a n  be h i t   o r   m i s s  and  consequently 
an  expensive  approach t o   t h e   p r o b l e m .   C o n s i d e r a b l e   d e b a t e  has taken   p lace  
o v e r   w h e t h e r   p r o b l e m s   o r   p o t e n t i a l   p r o b l e m s   s h o u l d  be i d e n t i f i e d  and  perhaps 
a v e r t e d   b y   t h e   i m p l e m e n t a t i o n   o f  a good p o i n t   s o u r c e   m o n i t o r i n g   p r o g r a m  o r  
w h e t h e r   p o i n t   s o u r c e   m o n i t o r i n g   r e q u i r e m e n t s   s h o u l d  be d i c t a t e d   b y   t h e  
i d e n t i f i c a t i o n   o f   p r o b l e m s   i n   t h e   " a m b i e n t "   e n v i r o n m e n t .   T h e r e   a r e   o b v i o u s l y  
cases i n  which  each  approach  would  be  more  advantageous. Where sources  are 
known, it i s  m o r e   d e s i r a b l e   t o   a n a l y z e   s a m p l e s   c o l l e c t e d   f r o m   p o i n t   s o u r c e s  
r a t h e r   t h a n   a m b i e n t   w a t e r   s a m p l e s .   C o n c e n t r a t i o n s   i n   t h e   e f f l u e n t  will be 
h i g h e r   a n d ,   d e s p i t e   p r o b l e m s   t h a t  may be  encountered as a r e s u l t   o f   e f f l u e n t  
m a t r i x   p r o b l e m s   a n d / o r   v a r i a t i o n s   i n   c o n c e n t r a t i o n s  due to   p rocess   changes,  
t h e   d i f f i c u l t i e s   a r e   n o t  as g r e a t  as   t hose   assoc ia ted   w i th   measur ing   t he  
e x t r e m e l y   l o w   c o n c e n t r a t i o n s   l i k e l y   t o  be  encountered i n  ambient  water 
samples.   Furthermore, it i s   p o s s i b l e   t h a t   b y   t h e  t i m e  many o f   t h e   o r g a n i c s   o f  
conce rn   reach   de tec tab le   concen t ra t i ons   i n   amb ien t   wa te r ,   o the r   p rob lems  will 
h a v e   a l r e a d y   m a n i f e s t e d   t h e m s e l v e s   a t   h i g h e r   l e v e l s   i n   t h e   f o o d   c h a i n .  

L o a d i n g   C o n t r i b u t i o n s :  Two a s p e c t s   o f   l o a d i n g   c o n t r i b u t i o n s   a r e   i m p o r t a n t  
f o r   c h a r a c t e r i z i n g   A r e a s   o f   C o n c e r n .  F i r s t ,  d e f i n e   t h e   b o u n d a r i e s  o f  t h e  
r i v e r  o r  ha rbo r   a rea   t o   be   assessed .   Th i s  will r e q u i r e   c o l l e c t i n g  samples a t  
o r   n e a r   t h e   u p s t r e a m   a n d   d o w n s t r e a m   b o u n d a r i e s .   L o a d i n g   c a l c u l a t i o n s   a t   t h e s e  
b o u n d a r i e s   ( i n p u t s   a n d   o u t p u t s )  will requ i re   accura te   f low  measurements  and a 
knowledge  o f   bas in   hydrodynamics .  Second, d e t e r m i n e   t h e   r e l a t i v e   m a g n i t u d e   o f  
a l l   s o u r c e   i n p u t s   t o   t h e  Area o f  Concern; a knowledge  of   incoming  substances 
from  upstream  and; t o  some e x t e n t ,   w h a t   i s   l e a v i n g   t h e   a r e a   a t   t h e   l o w e r  
boundary i s  necessary.  

Samples o f   "d i sso l ved ' '   and   suspended   pa r t i cu la tes   shou ld  be a n a l y z e d   f o r  
c o n t a m i n a n t s   o f   i n t e r e s t   a n d   t h e   c o n c e n t r a t i o n s   o f   s u s p e n d e d   s o l i d s   s h o u l d  be 
q u a n t i f i e d .  The d i sso l ved   phase   shou ld  be e x t r a c t e d   i n   t h e   f i e l d  as  soon  as 
p o s s i b l e   a f t e r   c o l l e c t i o n   t o   m i n i m i z e   c h e m i c a l   l o s s  due t o   v o l a t i z a t i o n .  

To reduce   cos ts ,   samp les   cou ld   be   compos i ted   p r i o r   t o   ana lys i s   p rov ided  
t h e   o b j e c t i v e s   o f   t h e   s t u d y   a r e   n o t   c o m p r o m i s e d .  Due t o   t h e   i n h e r e n t  
h e t e r o g e n e i t y  o f  aquat ic   sys tems,   sampl ing   f requency  i n  t i m e  and space must  be 
des igned t o  m e e t   t h e   s p e c i f i c   o b j e c t i v e s ,   t h u s   p r o v i d i n g   d a t a   w i t h   a c c e p t a b l e  
l e v e l s   o f   c o n f i d e n c e .   I m p l i c i t l y ,   t h i s   r e q u i r e s  a k n o w l e d g e   o f   t h e   v a r i a t i o n  
t o  be  expected i n   t h e   s y s t e m   a t   t h e   b o u n d a r y   l o c a t i o n s .   O f t e n   t h i s  
i n f o r m a t i o n   i s   n o t   w e l l   d e f i n e d   b e f o r e h a n d .  

Once again,   the  Water   Group i s   o f   t h e   o p i n i o n   t h a t  where  sources  are 
known, it may b e   m o r e   c o s t - e f f e c t i v e   t o   m o n i t o r   t h e s e .  

C o m p l i a n c e :   J u r i s d i c t i o n s   h a v e   e s t a b l i s h e d   w a t e r   q u a l i t y   s t a n d a r d s  and 
Canada and t h e   U n i t e d   S t a t e s   h a v e   e s t a b l i s h e d   s p e c i f i c   n u m e r i c a l   o b j e c t i v e s  
u n d e r   t h e  1978 Great  Lakes  Water  Qual i ty  Agreement.   Measurements  should be 
made t o   d e t e r m i n e  i f  c o n t a m i n a n t   c o n c e n t r a t i o n s   i n   w a t e r   e x c e e d   t h e s e  
s tandards   and   ob jec t i ves .  By d e f i n i t i o n ,   e x c e e d i n g   t h e s e   o b j e c t i v e s   s h o u l d  be 
r e c o g n i t i o n ,  de f a c t o ,   t h a t   t h e r e   i s  a p r o b l e m .   U n f o r t u n a t e l y ,  f e w  s tandards 
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a n d   o b j e c t i v e s   f o r   t r a c e   c o n t a m i n a n t s   a r e   b a s e d   o n   t h e i r   c o n c e n t r a t i o n s  i n  
w a t e r .  

F u r t h e r m o r e ,   t h e r e   a p p e a r s   t o   b e   n o   c o n s i s t e n t   d e f i n i t i o n  among o r  even 
w i t h i n   j u r i s d i c t i o n s  as t o  w h a t   c o n s t i t u t e s   " c o m p l i a n c e "   w i t h   t h e s e   o b j e c t i v e s  
and  s tandards.  The d e c i s i o n   i n  many cases seems t o   r e v e r t   t o   s u b j e c t i v e  
judgement .   Th is   issue  needs t o  be   reso lved so t h a t   t h e   g r o u n d   r u l e s   a r e  
c o n s i s t e n t   i n   t h e i r   a p p l i c a t i o n   t o   a l l  Areas o f  Concern. 

Pathways:  Analysis  of   ambient  water  samples i s  n e c e s s a r y   f o r  
unders tand ing   pa thways   o f   t race   con taminants  i n   t h e  ecosystem. The o v e r a l l  
approach  needs t o  be c l o s e l y   i n t e g r a t e d   w i t h   t h e   s a m p l i n g   o f   s e d i m e n t s ,   b i o t a  
and  o ther   media t o  ensure a m e a n i n g f u l   i n t e r p r e t a t i o n   o f   r e s u l t s .  

B i o l o g i c a l   I m p a c t s :   D e t e r m i n i n g   t h e   r e l a t i o n s h i p   b e t w e e n   c o n c e n t r a t i o n s  
o f   t r a c e   c o n t a m i n a n t s   i n   a m b i e n t   w a t e r  and t h e i r   e f f e c t s   t h r o u g h o u t   b i o l o g i c a l  
communit ies i n  Areas o f   C o n c e r n   i s   l i m i t e d   b y   o u r   i n a b i l i t y   t o   s o r t   o u t  
c o m p l e x   i n t e r a c t i o n s .   M o d e l l i n g   i s  one t o o l  used t o  a d d r e s s   t h i s   c o m p l e x i t y ,  
but   even  models   are  based  on  more  fundamenta l   knowledge  o f   the  empir ica l  
r e l a t i o n s h i p s  among chemicals  and  organisms. 

Mon i to r i ng   amb ien t   wa te r   can   i den t i f y   chemica ls   o f   conce rn   ( see   Emerg ing  
P r o b l e m s   b e l o w )   b u t   a d v e r s e   b i o l o g i c a l   e f f e c t s  will r e q u i r e  much longer - te rm 
s tud ies   on  a s i t e   s p e c i f i c   b a s i s   ( s e e   a l s o   d i s c u s s i o n   o n   B i o a s s a y s ,  
S e c t i o n  3 . 4 ) .  

Trends:  Ambient  water i s  a good  medium f o r   m o n i t o r i n g   t r e n d s   i n   t h e  
c o n c e n t r a t i o n s   o f   n u t r i e n t s ,   m e t a l   i o n s  and h y d r o p h y l i c   o r g a n i c s .  It i s  n o t  
t h e   b e s t  medium f o r   m o n i t o r i n g   h y d r o p h o b i c   o r g a n i c s   w h i c h   a r e ,   i n   m o s t   c a s e s ,  
t h e   c h e m i c a l s   o f   c o n c e r n   i n   t h e s e   a r e a s .  

Emerging  Problems: Annex One o f   t h e  1978 Canada-United  States  Great  Lakes 
W a t e r   Q u a l i t y   A g r e e m e n t   s t a t e s   t h a t   f o r   t h o s e   p e r s i s t e n t   t o x i c   s u b s t a n c e s   f o r  
w h i c h   t h e r e   a r e   n o   s p e c i f i c   n u m e r i c a l   A g r e e m e n t   o b j e c t i v e s   ( " U n s p e c i f i e d  
Organ ic   Compounds" ) ,   t hey   shou ld   be   " subs tan t i a l l y   absen t   i n   wa te r   o r   aqua t i c  
o r g a n i s m s ,   i . e .   l e s s   t h a n   d e t e c t i o n   l e v e l s   a s   d e t e r m i n e d   b y   t h e   b e s t  
s c i e n t i f i c   m e t h o d o l o g y   a v a i l a b l e . "  

Ambient   water   samples  should  be  analyzed  annual ly  i n   t h e   s p r i n g   d u r i n g   t h e  
h i g h   r u n - o f f   p e r i o d   f o r   r i v e r s   a n d   u n d e r   w e l l   m i x e d   c o n d i t i o n s   i n   h a r b o r s   f o r  
p r e v i o u s l y   u n d e t e c t e d   o r g a n i c   a n d   i n o r g a n i c   c o n t a m i n a n t s .   I n   t h e   c a s e   o f  
o r g a n i c s   t h i s   c o u l d  be  accompl ished  by a GC/MS scan i n   t h e   f u l l  mode w i t h  
a p p r o p r i a t e   f o l l o w - u p   w o r k .  In g e n e r a l ,   w a t e r   i s   l e s s   t e m p o r a l l y   i n t e g r a t e d  
t h a n   s e d i m e n t s   a n d   f i s h ,   a n d   t h u s   i s  a u s e f u l  medium f o r   i d e n t i f y i n g  new 
compounds e n t e r i n g   t h e   s y s t e m .  

5 .4  SAMPLE  COLLECTION AND PREPARATION 

R e p r e s e n t a t i v e   S a m p l i n g :   B a s e d   o n   t h e   a n a l y s i s   o f   e x i s t i n g   d a t a   f o r   t h e  
a r e a   a n d   t h e   h y d r o l o g i c a l   d a t a ,   i n c l u d i n g   t h e   i n f l u e n c e s   o f   l a t e r a l  and 
v e r t i c a l   h e t e r o g e n e i t y ,   t h e   s a m p l i n g   l o c a t i o n s   a n d   t i m e s   s h o u  
b e   a s   r e p r e s e n t a t i v e   o f   t h e   e n v i r o n m e n t a l   c o n d i t i o n  as p o s s i b  
s a m p l i n g   o v e r   e x t e n d e d   t i m e   p e r i o d s  i s  p r e f e r r e d  t o  g rab  samp 

I d  be  designed t o  
l e .  Composite 
l i n g   e x c e p t  when 
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studying  concentration  variability. A t  least a river mouth  station and a 
station  upstream of potential  sources should be established to define  the 
boundaries  for Areas of Concern;  additional  sampling  stations  should be 
established  using  a  grid  system  for  harbors and bays. 

Collection:  Dip  sampling  with  appropriate  bottles or containers is 
acceptable  for small  samples.  Noncontaminating  submersible  pumps  are 
available  for  pumping  larger  volume  samples  from  the  appropriate  depth. 
Transfer  tubing should  be  teflon or  well-leached  plastic  to  minimize  possible 
interactions  between  the  chemicals in the  water and the  walls of the  tubing. 

Phase  Separation: All samples  should be phase-separated  into  "dissolved" 
and "suspended  particulate"  fractions  prior  to  analysis.  Although  this 
produces  twice  the  number of analyses  compared  with  using  only Itwhole water" 
samples,  the  information  gain  for  assessing  impacts and pathways is well  worth 
the extra  effort.  Either  pressure  filtration  (preferred to vacuum  filtration 
to minimize  volatilization  losses) or centrifugation  are  the  selected 
methods.  Both  methods  isolate  a  particulate and an  operationally-defined 
"dissolved"  fraction.  Glass  fibre  filters  (nominal  pore  size 0.3-0.4 pM) 
are  normally used for  the  filtration  process.  Prior  to  use,  filters  for 
organics  are  muffle  furnaced at 500°C to destroy  potentially  interfering 
compounds, and filters  are  acid  treated  prior  to  use  for  metal  analysis 
(Fox 1985). Continuous  flow  centrifuges  are  also  available.  They  recover 
most  particulates (>0.2 uM) from  water  samples,  including  the  Westfalia 
Separator, 9-10,000 RPM) (Thomas  and  McMillan 1978). Whatever method  is used, 
the  concentration o f  suspended  solids in the  sample  must be quantified. 

Note: A need has  been  identified to assess and compare  the  filtration and 
centrifugal  methods  for  phase  separation.  Development  of  a  method t o  separate 
the  biotic  component  from  the  inorganic  component of suspended  particulates 
would  also be of considerable  use for assessing  contaminant  bioavailability. 

5.5 LABORATORY  TECHNIQUES 

Organic  Analysis: 

"Dissolved"  Component:  The  preferred method for  isolating  organic 
chemicals  from  water i s  by liquid-liquid extraction (LLE). The  water  sample 
is shaken or stirred  with  the  appropriate  immiscible  high-purity  solvent 
(dichloromethane and hexane are most  often used) for  a  sufficient length of 
time  to efficiently  extract  the  organic ( B . G .  Oliver and K.D. Nicol 1984). 
Some pH adjustment to  the  water prior  to LLE will be  required  for  acidic  or 
basic  compounds.  Samples  for  volatile  organics  should  be  collected in 
headspace-free  vials to  minimize  compound loss and returned  to  the  laboratory 
for  purge and trap  analysis  (Longbottom and Lichtenberg 1982).  If processing 
of the  samples is not  carried  out in the  field,  the  samples should be 
refrigerated at 4°C until  extraction.  The  volume of water  sampled is a 
critical  factor in determining  the  detection  limits of the  organics  under 
study. An easily  achievable and practical  volume for  final  cleaned-up  extract 
is about 1 ml.  Therefore, if a  20-liter  sample is collected,  a 20,000 fold 
concentration  factor  can be easily  achieved  prior  to  laboratory 
quantification.  For  samples up to 20 L, one  gallon  solvent  bottles or 20 L 
stainless  steel  containers, e.g. soft  drink  containers,  can be  used for sample 
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collection,  storage and extraction.  The  largest volume batch  extractor  that 
has  been  tested and used is  the  Canada  Centre  for Inland Waters' 200 L  APLE 
extractor  which  employs a 200 L  stainless  steel barrel for sample  collection 
and  extraction  (McCrea  and  Fischer  1984;  Oliver  and Nicol 1985). 

Particulate  Component:  Wet  suspended  particulates on filters or recovered 
from  centrifuge bowls are  usually  soxhlet  extracted  for 24 hours to extract 
the  organics.  The  solvent  mixture 41% hexane/59% acetone is one  common 
solvent  combination  that  has been used for this  type  of  analysis  (Oliver and 
Nicol 1982). 

Extract  Cleanup:  Extracts of the "dissolved"  and  particulate  components 
must be  cleaned up to remove  interfering  substances  such  as lipids  prior t o  
gas  chromatographic  quantification.  Some  combinations  of gel permeation  (size 
exclusion)  chromatography,  adsorption  chromatography on Florisil'", silica, 
or  alumina,  or  direct  treatment  with  H2SO4  or H2SO4 on silica gel are 
common  methods  for  sample  cleanup.  The method will vary with  different 
chemicals.  Some  sulphur removal  procedures  (vortexing  with  mercury or copper 
filings)  may be required for  the particulate  extracts. 

Quantification:  Due to  its high  resolution  capabilities,  capillary  gas 
chromatography is the recommended  approach for analyzing  organics in water. A 
mass  spectrometer or mass  selective  detector,  with  single  ion  monitoring (SIM) 
required in most  cases t o  achieve  the  necessary  sensitivity, is preferred for 
this  analysis.  Other  selective  detectors  such  as  the  electron  capture ( E C ) ,  
photoionization (PI), etc., can be used after  preliminary GC/MS data  identify 
the  significant  presence of the chemical in the  study  area  (Eadie et a. 1982; 
Oliver and Nicol 1984). The EC and PI detectors  are  best employed  with a dual 
capillary  column  system in which  two  different  polarity  columns  are used. 
Agreement  between  the  two  columns  provides  more  confidence in the  data and in 
the peak identification.  Packed  gas  chromatographic  columns  probably do not 
provide  enough  efficient  separation  to be useful in water  analysis. 

Detection  Limits:  Presented  below  are  examples of detection limits based 
on  the  dissolved  component in a 20 L  water  sample and for particulates,  that 
can be  reasonably  achieved  with  current  state-of-the-art  methodology: 

Approximate  Detection  Limit 
Detector - Compound -. (ng/L) 

MS/S  IM Chlorobenzenes 0.5 
EC Dichlorobenzenes 0.5 
EC Hexachlorobenzene 0.005 
PI  PAHs 0.5 

Particulates  Approximate  Detection  Limit 
Detector  Compound - ( lJq/g 1 

MS/SIM Chlorobenzenes 10 
EC Dichlorobenzenes 10 
EC Hexachlorobenzene 0.1 
PI PAH s 10 
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It i s  a l w a y s   b e s t   t o   w o r k   a t   c o n c e n t r a t i o n s   o f   a t   l e a s t   5 - 1 0   t i m e s   d e t e c t i o n  
l i m i t s  when a n a l y z i n g   e n v i r o n m e n t a l   s a m p l e s   ( K e i t h   e t   a l .   1 9 8 3 ) .   F o r   t h e  
i d e n t i f i c a t i o n   o f   e m e r g i n g   p r o b l e m s   u s i n g  GC/MS i n   t h e   f u l ' l  scan mode, t h e  
d e t e c t i o n  limits are  inc reased  by   approx imate ly   100  t imes.  Thus, large  vo lume 
(1,000 l i t e r )  samples  should be e x t r a c t e d   f o r   t h i s   p u r p o s e .  

M e t a l   A n a l y s i s :  

D isso lved   Spec ies :  The  recommended procedure i s  a v a r i a t i o n   o f   t h e  method 
deve loped  by   R i ley   and  Tay lo r   (1968,   1972)   wh ich   has   been  s tud ied  and 
v a l i d a t e d   i n  many f i e l d   i n v e s t i g a t i o n s   ( H a r t  and  Davies  1977;  Lee 3 a. 1977; 
Lum a n d   L e s l i e   1 9 8 3 ) .   E s s e n t i a l l y   m e t a l   s p e c i e s  ( A l ,  F e ,  Mn,  Cu, N i ,  Cr, Cd, 
Pb,  Zn,  Be, Co,  Ag, V )  are   p reconcen t ra ted   on  a che la t i ng   i on -exchange   res in  
(Chelex-loo'", ammonium fo rm)  i n   t h e   f i e l d .  The r e s i n   c a n  be brought  back t o  
t h e   l a b o r a t o r y   o r  i f  t i m e   a n d   f a c i l i t i e s   p e r m i t ,   t h e   r e s i n   c a n  be e l u t e d   w i t h  
d i l u t e   a c i d   i n   t h e   f i e l d .  The u s u a l   c o n c e n t r a t i o n   f a c t o r   o b t a i n e d  i s  40 
( 1  L t o  25 m l ) .  

The  Chelex'" e lua tes   can   be   ana lyzed   by  a v a r i e t y   o f   i n s t r u m e n t a l  
techn iques   depend ing   on   the   e lements   des i red .  Cd, Pb, Cu,  Co, A l ,  Fe and Ag 
shou ld   be   ana lyzed  us ing   g raph i te   fu rnace  A tomic   Absorp t ion   Spec t rophotomet ry ,  
( A A S )  e x c e p t   f o r   s a m p l e s   f r o m   g r o s s l y   c o n t a m i n a t e d   s i t e s .  The remain ing  
e lemen ts   can   be   ana lyzed   us ing   e i t he r  a p lasma  emiss ion   spec t rometer   o r   f lame 
AAS system. 

A d d i t i o n a l l y ,  a check   on   t he   accu racy   o f   t he  cadmium  and z i n c  
d e t e r m i n a t i o n   c a n   b e   d o n e   t h r o u g h   d i r e c t   i n j e c t i o n   g r a p h i t e   f u r n a c e  AAS. T h i s  
may b e   t h e   o n l y   a l t e r n a t i v e   f o r   s a m p l e s   f r o m   a r e a s   w h e r e   t h e   c o n c e n t r a t i o n  
l e v e l s   a r e   n e a r   b a c k g r o u n d   l e v e l s .  

T h i s   p r o c e d u r e   h a s   t h e   a d v a n t a g e   o f   p r o v i d i n g   i n f o r m a t i o n   o n   d i s s o l v e d  
m e t a l   i o n   c o n c e n t r a t i o n s   a t   a m b i e n t  pH. F i l t e r e d   o r   c e n t r i f u g e d   w a t e r  samples 
s t i l l   c o n t a i n   p a r t i c l e s   w h i c h   c a n   r e l e a s e   t h e i r   a d s o r b e d   m e t a l   i o n s   i n t o   t h e  
d i l u t e   a c i d  commonly  used t o   p r e s e r v e   t h e   s a m p l e s .   W h i l e  i t  may i n   p r i n c i p l e  
b e   p o s s i b l e   t o   c h e l a t e  and s o l v e n t   e x t r a c t   w a t e r   s a m p l e s   a t   t h e i r   a m b i e n t  pH 
t o  e s t i m a t e   t h e   d i s s o l v e d   b i o a v a i l a b l e   m e t a l   f o r m s ,   t h e   p r o c e d u r e   r e q u i r e s   a n  
o r g a n i c   s o l v e n t   t o   b e   t a k e n   i n t o   t h e   f i e l d .  Thus, one e x t r a   s t e p  i s  r e q u i r e d  
compared w i t h   t h e   c h e l a t i n g   i o n - e x c h a n g e  p rocedure  v i z . ,  b a c k   e x t r a c t i o n   i n t o  
a c i d   t o   s t a b i l i z e   t h e   c o n c e n t r a t e s  and t o   p r o v i d e  a s u i t a b l e   m a t r i x   f o r  
g r a p h i t e   f u r n a c e  AAS a n a l y s i s .  

P a r t i c u l a t e   M e t a l s :  

P a r t i c u l a t e s  on F i l t e r s :  The  recommended p r o c e d u r e   f o r   p a r t i c u l a t e s  on 
a c i d - c l e a n e d   f i l t e r s   i s :   a )   l e a c h i n g   w i t h  1N  HC1 for t w o   h o u r s   a t  room 
t e m p e r a t u r e   a n d   b )   d i g e s t i n g   t h e   r e s i d u e   w i t h  aqua r e g i a  and HF o r   s u i t a b l e  
s u b s t i t u t e .  The f o r m e r   r e a g e n t   e l u c i d a t e s   p o t e n t i a l l y   a v a i l a b l e   m e t a l   f o r m s .  
M e t a l   f o r m s   e x t r a c t e d   b y  1N HC1 a r e   w e l l - c o r r e l a t e d   w i t h   b i o a v a i l a b i l i t y  
a s s o c i a t e d   w i t h   p o l y c h a e t e  worms a n d   b i v a l v e s  (Luoma  and Bryan  1978;  1982). 
E l e v a t e d   m e t a l   c o n c e n t r a t i o n s   i n   w a t e r  and  sediment  occur i n  many o f   t he   A reas  
o f  C o n c e r n .   I d e n t i f i c a t i o n  o f  b i o a v a i l a b l e   m e t a l   c o n c e n t r a t i o n s  i s  v i t a l  
g i v e n   t h e i r   p o t e n t i a l   b i o l o g i c a l   i m p a c t s   ( K a u s s  et Q. 1981;  Kauss  1983). The 
sum o f  t h e   t w o   e x t r a c t s   y i e l d s   t h e   t o t a l   e l e m e n t a l   c o n c e n t r a t i o n .  The 
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e x t r a c t s   a r e   a n a l y z e d   b y   g r a p h i t e   f u r n a c e   a n d   f l a m e  A A S ,  and  plasma  emission 
spec t romet ry .  

B u l k   P a r t i c u l a t e s :   F o r  a s i n g l e ,   l a r g e   v o l u m e  (1,000 l i t r e s )  sample 
c o l l e c t e d   f o r   i d e n t i f i c a t i o n   o f   e m e r g i n g   p r o b l e m s ,  it i s  recommended t h a t  0.5 
g r a m   ( d r y   w e i g h t )   b e   s u b j e c t e d   t o  a s e q u e n t i a l   c h e m i c a l   e x t r a c t i o n   p r o c e d u r e ,  
w h i c h   p r o v i d e s   a n   o p e r a t i o n a l l y   d e f i n e d   s p e c i a t i o n   ( T e s s i e r   e t   a l .   1 9 7 9 ;  Lum 
and  Edgar  1983). A t  each  s tep,  a c e r t a i n   p e r c e n t a g e   o f   t h e   t o t a l   e l e m e n t a l  
c o n t e n t  i s  e x t r a c t e d ,   g i v i n g   a n   e s t i m a t e   o f   t h e   s t r e n g t h  o f  a s s o c i a t i o n /  
b o n d i n g   t o   t h e   p a r t i c u l a t e   p h a s e .  Because the  weakly  bound  forms  are  more 
l i k e l y   t o  b e   b i o a v a i l a b l e ,   t h i s   p r o c e d u r e  will a s s e s s   t h e   p o t e n t i a l   r i s k  
a s s o c i a t e d   w i t h   p a r t i c u l a t e - b o u n d   e l e m e n t s .  The e x t r a c t s  may be  analyzed  by 
f l ame AAS o r  p lasma  emiss ion   spec t romet ry .  

D e t e c t i o n   L i m i t s :  

D i s s o l v e d   S p e c i e s :   E l e m e n t   D e t e c t i o n   L i m i t   ( p g / L )  Cd 0.010, Pb 0.010, 
Cu 0.050, Zn 0.050, N i  0.10, C r  0.050, Co 0.050, Ag 0.010, Mn 0.10, Fe 
0.050. 

P a r t i c u l a t e   S p e c i e s :   E l e m e n t   D e t e c t i o n  L i m i t  (pg /g)  Cd 0.05, Pb 1 
0.10, Zn 1.0, N i  0.50, C r  0.50, Co 0.50, Fe 1.0, Mn 1.0, V 0.50. 

5.6 MEASURING BIOLOGICAL EFFECTS 

0.10, v 

0, cu 

ne   the  W a t e r   q u a l i t y   m o n i t o r i n g   i n   A r e a s   o f   C o n c e r n   c a n   b e   u s e d   t o   d e t e r m i  
poss ib le   b io log i ca l   impac ts   o f   env i ronmen ta l   con taminan ts .   Chemica l   ana lyses  
combined w i t h   s t r u c t u r e   a c t i v i t y   r e l a t i o n s h i p s  and t o x i c o l o g i c a l   d a t a   c a n  be 
used t o   e s t i m a t e   p e r s i s t e n c e ,   s o l u b i l i t y ,   b i o a c c u m u l a t i o n   r a t e s ,  and i n  some 
cases ,   t he   acu te   and   ch ron ic   e f fec ts   o f   chemica ls   on   aqua t i c   o rgan isms .   The re  
r e m a i n s   t h e   d i f f i c u l t y ,   h o w e v e r ,  i n  s o r t i n g   o u t   t h e  numerous  complex 
in teract ions  between  chemicals   and  organisms.  

S e n s i t i v e   b i o a s s a y s   a r e   t h e   m o s t   a c c u r a t e  way t o  a s s e s s   t h e   b i o l o g i c a l  
i m p a c t   o f   w a t e r   q u a l i t y   i n   A r e a s  o f  Concern. A number o f   b i o a s s a y   p r o t o c o l s  
have  been  developed f o r   f i s h  a n d   i n v e r t e b r a t e s .  These  procedures  are  reviewed 
by M a c i o r o w s k i   e t   a l .  (1980).  Cairns,   Dickson,   and  Maki   (1982)   descr ibe  the 
a p p l i c a b i l i t y   o f   t h e s e   t e s t s   f o r   a s s e s s i n g   t h e   h a z a r d  o f  t o x i c   c h e m i c a l s   t o  
aquat ic   ecosystems.   Th is   approach was d e v e l o p e d   p r i m a r i l y   t o   a s s e s s   t h e  
p o t e n t i a l   h a z a r d   o f   s i n g l e   c h e m i c a l s ,   b u t   t h e   t e c h n i q u e   h a s  been success fu l1  
used t o   e s t i m a t e   t h e   h a z a r d s   o f   c o m p l e x   i n d u s t r i a l   e f f l u e n t s  and r e c e i v i n g  
w a t e r s   ( S p r a g u e   1 9 7 3 ) .   S e q u e n t i a l   t i e r   t e s t i n g   b e g i n s   w i t h   a c u t e   l e t h a l  
t o x i c i t y   t o   f i s h  and  inver tebra tes   (usua l ly   Daphn ia)   and  p rogresses   towards  
m o r e   s e n s i t i v e   s u b l e t h a l   i n d i c a t o r s   o f   a d v e r s e   e f f e c t s .  These i n c l u d e  
e m b r y o / l a r v a l   t o x i c i t y   t e s t s  and   adve rse   e f fec ts  on r e p r o d u c t i o n .  A t y p i c a l  
sequent ia l   hazard   assessment  scheme might   be :  

- S t a t i c   9 6 - h o u r   a c u t e   l e t h a l   f i s h   b i o a s s a y  

Y 

- Seven-day,  3-brood  Ceriodaphnia  bioassay 

- F l o w - t h r o u g h   f i s h   b i o a s s a y s  
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- Algal toxicity  tests 

For  additional  information  on  bioassay  procedures see Section 3.4. 

Algal Bioassays:  Fish  bioassays  are  time  consuming,  logistically 
difficult and almost  always  limited to  one  or  two  species  under  laboratory 
conditions. On the  other  hand,  algal  bioassays  are of short  duration,  require 
very  little  test  material and, perhaps  most  importantly,  are  suitable  for 
multi  species  testing in situ.  Wong and Couture  (1985)  reviewed  a  variety  of 
techniques  available  for  algal  toxicity  testing.  These  included cell growth, 
fluorescence,  C-14  assimilation,  enzymes,  adenylate  energy  charge and nucleic 
acids.  These  tests  are  particularly  interesting  because of their  sensitivity 
and applicability  as  field  bioassays. 

Sensitivity of phytoplankton to toxic  chemicals is well known;  Wong  et  al. 
(1978) demonstrated  that  metal  mixtures  (at  concentrations equal to  water 
quality  objectives)  were  toxic  to  phytoplankton.  Similarly,  Munawar and 
Munawar (1982) reported  that metal  mixtures  inhibited  photosynthesis in 
natural  phytoplankton.  More  recent  studies by Munawar et a. (1983), using 
sediment  elutriate,  showed  that natural  assemblages of phytoplankton  were 
adversely  affected  (reduced  C-14  uptake) by contaminants  released  from  the 
sediment.  The  same  technique  may be useful in determining  the  relative  toxic 
contributions of contaminants  dissolved in the  water  phase and those  adsorbed 
onto  suspended  sediments. 

Prediction of Toxicity:  Water  quality  monitoring is  inappropriate  for 
predicting  adverse  effects of hydrophobic  contaminants  such  as  PCBs,  dioxin 
and  mirex.  Their  solubility is  below  the  concentration which causes  acute or 
chronic  biological  effects;  however,  high  contaminant  levels in fish  tissue 
can  cause  adverse  effects.  Lipophilic  contaminants in water and suspended 
sediment  strongly  suggest  that  sediment and biota are  bioaccumulating  these 
substances.  Estimates of bioconcentration and chemical  fate  can be made  from 
partition  coefficients  (Branson  1978)  but  concentrations in water  are 
unsuitable by themselves to predict  biological  impacts. This  does  not 
diminish  the  value of hazard  assessment  from  chemical  structure.  Stern and 
Walker (1978) emphasized  that  predictions of chemical  fate  were  essential 
components of the hazard  assessment  process by identifying  the  extent of 
chemical distribution,  the  chemical  forms and concentrations, and the  most 
likely  biological  targets. 

5.7 GENERAL  RECOMMENDATIONS 

1. 

2.  

3 .  

A clear and complete  specification o f  objectives,  including  questions 
to be answered,  hypotheses  to be  tested and parameters to be 
estimated,  should be  established  at  the  beginning of this  effort. 

All available  data and information  should be compiled and subjected 
to statistical  analysis  in  view o f  the  objectives and other 
information (if necessary) to identify  sources of variability  present 
in the  data. 

Decisions  should be made  on  the  adequacy  of  the  available  information 
for planning a program to  meet  the  objectives. If it is inadequate, 
a  preliminary  study  should be planned to obtain  the  necessary  data. 
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4. A p l a n   s h o u l d   b e   d e v e l o p e d   w h i c h   i n c l u d e s   a l l   d e t a i l s   r e l a t e d   t o  
l oca t i on ,   dep th ,   t ime   and   f requency   o f   samp l ing ;   measuremen ts   t o   be  
made ( i nc lud ing   phases   and   subs tances ) ;  number o f   r e p l i c a t e s ;  and  an 
o u t l i n e   o f   t h e   m e t h o d   o f   s t a t i s t i c a l   a n a l y s i s .  

5 . 8  SPECIFIC RECOMMENDATIONS FOR  WATER 

1 .  

2 .  

3 .  

4. 

5 .  

Ambient  water i s  a u s e f u l  medium f o r   e s t i m a t i n g   l o a d i n g s :  
i den t i f y i ng   sou rces ;   unders tand ing   pa thways   and   b io log i ca l   impac ts ;  
and  evaluat ing  compl iance,   t rends  and  emerg ing  problems.  

However,  ambient  water i s   n o t   a l w a y s   t h e   b e s t  medium f o r   t h e  
m o n i t o r i n g   o f   c o n t a m i n a n t s .  A much more c o s t   e f f e c t i v e   s t r a t e g y  
c o u l d   b e   d e v e l o p e d   a r o u n d   t h e   m o n i t o r i n g   o f   s p e c i f i c   s o u r c e s .  More 
emphasis  should  be  devoted t o   p o i n t   s o u r c e   m o n i t o r i n g .  

Samples o f   amb ien t   wa te r   shou ld  be a n a l y z e d   a n n u a l l y   i n   t h e   s p r i n g  
( w e l l - m i x e d   p e r i o d )  t o  i d e n t i f y   p r e v i o u s l y   u n d e t e c t e d   o r g a n i c   a n d  
i n o r g a n i c   c o n t a m i n a n t s .  

A need  has  been i d e n t i f i e d   t o  assess  and  compare t h e   f i l t r a t i o n  and 
cen t r i f uga l   me thods   f o r   phase   separa t i on .   Deve lopmen t   o f  a method t o  
separa te   t he   b io t i c   componen t   f rom  the   i no rgan ic   componen t   o f  
suspended p a r t i c u l a t e s   w o u l d   a l s o  be o f   c o n s i d e r a b l e   u s e   f o r  
a s s e s s i n g   t h e   b i o a v a i l a b i l i t y   o f   c o n t a m i n a n t s .  

Research  on  methods t o  measure  organic  contaminants i n   p o r e   w a t e r  and 
w a t e r   n e a r   t h e   s e d i m e n t - w a t e r   i n t e r f a c e   i s   r e q u i r e d   i n   o r d e r   t o  
assess   t he   impor tance   o f   deso rp t i on   f rom  i n -p lace   sed imen ts .  
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6.1 INTRODUCTION AND RATIONALE 

Sediment  contamination  represents  a  significant problem, particularly as a 
residual  source of contamination in Areas of Concern. The adsorptive  capacity 
of sediment  for  hydrophobic  compounds and elements of low  solubility is well 
known.  Adsorption  can  occur  when  direct  interaction  takes  place  between 
particulate  material,  water and biota during transport  to  depositional  zones. 
Even after  active  source  elimination,  redistribution by physical  processes 
concentrates  contaminated  sediment in areas of accumulation.  This  produces  a 
region  which  may  contaminate  the  benthic  biota and associated food chain. 
Under  the  proper  conditions,  contaminants  are  slowly  released to the overlying 
waters and  to the  biological  system of the  area.  Finally,  under  most 
conditions,  harbors and embayments  deliver  sediment  to  the  open lake  system 
and will  continue to be a  source of contaminants,  aggravating  conditions 
within  the  recipient  water body. The  continuing loss of sediment-bound  mirex 
from  the  Oswego  River  to  Lake  Ontario is such  an  example. 

No remedial  action  can be undertaken  without full problem  definition. 
This chapter  therefore  proposes  techniques  to  identify  the role of sediment in 
an Area of Concern  as  a  component of an  overall  assessment  protocol. The 
recommended  study  methods  form  a  strategic  approach  for  obtaining  as  complete 
an  understanding of the  sediment  system as is reasonably  possible.  However, 
each  component  may be  used individually  for  specific  purposes. 

The  sediment  component  is  a  dynamic  system in the  short  term  yet  static in 
the long term.  Consequently,  a  historic record o f  environmental  perturbation 
is represented in the  sediment  profile  where  changes  can be measured. A s  a 
general  rule,  our  concerns  about  sediments  relate to sediment  toxicity and 
contaminants  bioavailability.  The  approach  emphasizes  biological  screening t o  
determine both toxicity and bioavailability  before  time and money is invested 
in more  detailed  assessments.  The  recommended  strategy for assessing  the need 
and extent of sediment  studies  is  outlined in Section 6.2. Section 6.3 
outlines  the  recommended  techniques and the  rationale  for  their  selection. 
Detailed  methodologies  are  referenced  or  will be provided in a  subsequent 
document. 

In summary,  the  contents of this  section  are  intended to provide  guidance 
t o  those  responsible  for  developing  monitoring  plans  for  Areas of Concern by: 

o Establishing  the  existence of sediment  contamination. 

o Mapping and determining  the  extent of accumulation,  erosion and 
non-deposition  areas. 

o Assessing  the  relative  significance  of  resuspension,  mixing and 
transportation  from  source to deposition. 

o Determining  the  rate o f  sediment  accumulation and reconstruction  of 
contaminant  history. 

o Determining  the  concentration of contaminants and nutrients. 

o Assessing  and  quantifying  input  loads. 
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o Prepar ing  a sediment mass b a l a n c e   ( i n p u t ,   d e p o s i t i o n ,   o u t p u t )  and 
t r a n s l a t i n g   t h i s   i n t o  a geochemical   budget f o r  contaminants  and 
n u t r i e n t s .  

o D e t e r m i n i n g   t h e   p o t e n t i a l   b i o a v a i l a b i l i t y  o f  sediment-bound 
contaminants   and 

o A s s e s s i n g   t h e   t o x i c i t y   o f   s e d i m e n t - b o u n d   c o n t a m i n a n t s   t o   o r g a n i s m s   a t  
a l l   t r o p h i c   l e v e l s .  

F o r   e a c h   c o m p o n e n t   o f   t h i s   s e c t i o n ,   b a c k g r o u n d   m a t e r i a l   i s   p r o v i d e d  and 
where   poss ib le ,  a b r i e f   r e v i e w   o f   t h e   t o p i c   i s   p r e s e n t e d .  A r a t i o n a l e   i s  
deve loped   fo r   each   pa r t i cu la r   me thodo logy ,  why i t  was chosen  over   o ther  
t e c h n i q u e s   a n d   p o s s i b l e   a l t e r n a t i v e s ;  and   wha t   i n fo rma t ion   t he   t echn ique  will 
p r o v i d e ,   i t s   a d v a n t a g e s   a n d   d i s a d v a n t a g e s .  

6.2 APPROACH 

The  recommended approach t o  assessment  of   sediments i n  Areas  of  Concern i s  
based   upon   the   s teps   l i s ted   be low:  

S t e p   1 .   I d e n t i f i c a t i o n   o f   J J i m p a c t ” .  
S tep  2. Q u a n t i f i c a t i o n   o f   t h e   e x t e n t  and n a t u r e   o f   t h e   i m p a c t .  
S tep  3 .  I f  r e m e d i a l   a c t i o n  i s  t a k e n ,   q u a n t i f i c a t i o n   o f   e f f e c t i v e n e s s .  

T h i s  i s  a th ree-s tep   p rocess   whereby  movement t o   t h e   n e x t   s t a g e  i s  
d e p e n d e n t   o n   a c t i o n   o r   r e s u l t s   f r o m   t h e   p r e v i o u s   o n e .  The r e m a i n d e r   o f   t h i s  
document   descr ibes  each  o f   the  methods recommended by t h e  Work Group t o  most 
c o s t - e f f e c t i v e l y   p r o v i d e   t h e   n e c e s s a r y   i n f o r m a t i o n   f o r   d e c i s i o n - m a k i n g .  

The f l o w   c h a r t   ( F i g u r e  6)  summar i zes   t he   s teps   t ha t   shou ld   be   t aken   t o  
d e t e r m i n e   t h e   e x t e n t   o f   s e d i m e n t   i n v e s t i g a t i o n s   i n   a n   A r e a   o f   C o n c e r n .   T h i s  
i n c l u d e s :  

S t e p   1 .   I d e n t i f i c a t i o n   o f   I m p a c t  

B i o l o g i c a l   a s s e s s m e n t   u s i n g   b e n t h i c   i n v e r t e b r a t e s  i s  proposed as t h e  f i r s t  
a c t i o n .  A p r e l i m i n a r y   b i o l o g i c a l   a s s e s s m e n t  has been recommended because  the 
b i o l o g i c a l   e x p r e s s i o n   o r   e f f e c t   o f   t h e   c o n t a m i n a n t  i s  t h e   u l t i m a t e   c o n c e r n .  
B i o t a   a r e   s e n s i t i v e   a n d   e x h i b i t   e f f e c t s   o f   e x p o s u r e   t o  a broad  range  o f  
con taminants  commonly p r e s e n t .   B e n t h i c   i n v e r t e b r a t e s   a r e   t h e  recommended t o o l  
s i n c e   t h e y   a r e   o f t e n   n u m e r i c a l l y   a b u n d a n t ,   r e l a t i v e l y   l o n g   l i v e d ,   i m m o b i l e  and 
l i v e   i n  i m m e d i a t e   c o n t a c t   w i t h   t h e   s e d i m e n t s .  They will, t h e r e f o r e ,   b e s t  
r e f l e c t   c o n t a m i n a n t   i m p a c t .   I n   a d d i t i o n ,   i n v e s t i g a t i o n   c o s t s   a r e   r e l a t i v e l y  
low.  

a )  Assessment o f   b e n t h i c   i n v e r t e b r a t e   c o m m u n i t y   s t r u c t u r e   i s  recommended 
due t o   t h e   r e l a t i v e  ease   o f   quan t i t a t i ve   samp l ing ,   t he   t empora l  and s p a t i a l  
r e p r e s e n t a t i v e n e s s   o f   t h e   d a t a ,   a n d   t h e  known responses o f  t h i s   g r o u p   t o  
p o l l u t a n t s .  

- 126 - 



FIGURE 6:  A generalized  process for assessing  the  significance o f  contaminated 
sediments  in Areas of Concern. 
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b )  B e n t h i c   i n v e r t e b r a t e  body burden measurements a r e  recommended a s  
e s t i m a t o r s   o f   c o n t a m i n a n t   b i o a v a i l a b i l i t y   a n d   a s   t h e   e n t r y   p o i n t ,   f r o m  
sediments,  t o   t h e   f o o d   c h a i n .  The presence  o f   contaminants  will thus  be  an 
i n d i c a t i o n   o f   b i o a v a i l a b i l i t y .  

I f  e i t h e r   a s s e s s m e n t   i n d i c a t e s   a n   i m p a c t ,   q u a n t i f i c a t i o n   o f   t h e   e x t e n t   o f  
t h a t   i m p a c t  i s  r e q u i r e d .  I f  n o   e f f e c t   i s  shown, n o   f u r t h e r   w o r k   i s   r e q u i r e d .  

S tep  2. Q u a n t i f i c a t i o n   o f   I m p a c t .  

I f  a documented  impact  has  occurred,  the  "when"  and  "where"  must  be 
e s t a b l i s h e d .   I n   p a r t ,   t h i s  may be   p rov ided  by   communi ty   s t ruc tu re   ana lyses ;  
however,  documentation i s   a l s o   r e q u i r e d   f o r   t h e   c a u s a t i v e   f a c t o r s .  The 
f o l l o w i n g   s t e p s   a r e   t h e r e f o r e   p r o p o s e d .  

a )   D e t e r m i n a t i o n   o f   d e p o s i t i o n a l   b a s i n s  - it i s  recommended t h a t   t h e  
g r e a t e s t   e f f o r t  o n   s e d i m e n t   c h a r a c t e r i z a t i o n   s h o u l d   t a k e   p l a c e   i n   t h e  
depos i t iona l   bas ins ,   where   most   con taminants  will reside  and  where  remedia l  
a c t i o n s ,   i n   m o s t   c a s e s ,  will b e   a p p l i e d .   I n  some i n s t a n c e s   t r a n s p o r t  
processes may b e   s i g n i f i c a n t ,   e s p e c i a l l y  i f  t i m e   s c a l e s   a r e   l o n g ,   b u t   t h i s  
will be t h e   e x c e p t i o n   r a t h e r   t h a n   t h e   r u l e .  An i n d i c a t i o n   o f   t h e s e   t r a n s p o r t  
processes will be  p rov ided   f rom  S tep  1 and   f rom  the   examina t ion   o f  
resuspens ion   and   t ranspor t  ( 6 . 3 . 4 ) .  

b )   S u r f i c i a l   c h e m i s t r y  - o n c e   t h e   d e p o s i t i o n a l   z o n e   i s   e s t a b l i s h e d ,  a 
s a m p l i n g   p r o g r a m   s h o u l d   b e   i n i t i a t e d   t h a t  will d e t e r m i n e   t h e   s u r f i c i a l  
sediments  chemist ry  i n   t h a t  zone,   emphas iz ing   se lec ted   nu t r ien ts ,   meta ls   and 
organ ic   chemica ls .  

c )  Chronology  and  loadings - i n   a d d i t i o n   t o   d e t e r m i n i n g   t h e   s p a t i a l  
p a t t e r n   o f   c o n t a m i n a n t s   i n   t h e   s u r f i c i a l   s e d i m e n t s ,   t h e   t e m p o r a l   p a t t e r n  i s  
r e q u i r e d .   T h i s  will d e t e r m i n e   t h e   n e e d   f o r   i d e n t i f y i n g   t h e   c h a n g e s   i n   t h e  
v e r t i c a l  and h o r i z o n t a l   d i s t r i b u t i o n   o f   s e d i m e n t s .  Cores  should  be  taken t o  
d e t e r m i n e   w h e t h e r   a c t i v e   s o u r c e s   s t i l l   r e m a i n ;  i f  so, resuspens ion  and 
t r a n s p o r t  will r e q u i r e   e x a m i n a t i o n .   I n   c o n j u n c t i o n ,   s e d i m e n t s  will need t o  be 
assessed f o r   t h e   p o t e n t i a l   t o   b e  a secondary   source   o f   con taminants  ( 6 . 3 . 2 ) .  

d )  T o x i c i t y  and B i o a v a i l a b i l i t y .  

A t  t h e  same t i m e   t h a t   s u r f i c i a l  and  subsur face  sediment   chemist ry   are 
d e t e r m i n e d ,   t h e   t o x i c i t y   a n d   b i o a v a i l a b l i t y   o f   s e d i m e n t   c o n t a m i n a n t s   s h o u l d   b e  
examined .   Tox i c i t y  will be  de termined  us ing  a t w o - t i e r e d   s y s t e m .   F i r s t ,  
a c u t e   t o x i c i t y   s h o u l d   b e   d e t e r m i n e d   u s i n g   t h r e e   t e s t s   o n  a range  o f   organisms.  
D e p e n d i n g   o n   t h e   o u t c o m e   o f   t h e s e   t e s t s ,   c h r o n i c   t o x i c i t y  may need t o  be 
examined. The p o t e n t i a l   f o r   b i o a c c u m u l a t i o n  will a l s o  be  determined  by a 
s t a n d a r d   t e s t   u s i n g  a b e n t h i c   i n v e r t e b r a t e .  

S tep  3 .  Q u a n t i f i c a t i o n   o f   E f f e c t i v e n e s s   o f   R e m e d i a l   A c t i o n .  

I f  r e m e d i a l   a c t i o n   i s   t a k e n ,  one s h o u l d   a s s e s s   t h e   e f f e c t i v e n e s s   o f   t h a t  
a c t i o n   u s i n g   t h e   a b o v e   t e c h n i q u e s .  
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Summary : 

Briefly  the  sequence of steps  is to: 

- Identify  impacts  using  biological  indicators  which  integrate 
responses,  primarily  community structure and body  burdens. 

- Conduct  extensive physical  and  chemical analyses if biological  data 
indicate an  impact  has  occurred. 

- Map  sediments. 

- Resample  sediments  in  the  depositional  zones. 

- Assess the  history of accumulation  and  loadings to the sediments. 

- If active  sources  are  established,  identify  partitioning between 
suspended  particulates  and  bottom  sediments  in  lentic and lotic 
habitats. 

- If a  contaminated  sediment is identified,  quantify the extent and 
degree of that impact, both by chemical  means  and by using a  series 
of sediment  bioassays, both  chronic  and  acute  and 

- If remedial  action is  taken,  assess  the  effectiveness of that  action 
using the  above  techniques. 

6 . 3  METHODS 

The  rationale  for  the  recommended  methodologies  are  described  below  for 
physical, biological  and  chemical  techniques.  Details  such as  sample 
replication,  site  selection and  techniques are not  included  but further 
documentation is available  from  the  Great Lakes  Regional  Office of the IJC and 
subsequent  details  on  methodology  are being developed.  Methods  for 
identification  of  impact  identified in Step 1 of the  approach, i.e. benthic 
invertebrate  community  structure  and  body  burden  assessment  are  outlined in 
the Biota  section  (Section 3 . 0 ) .  

This  section  outlines  the  remaining  recommended methods: 

o Baseline  mapping 
o Sampling 
o Loading assessment 
o Analysis 
o Bioassay 

6.3 .1  Baseline  Mapping  and Sediment Inventory 

Bottom  sediment  distribution  mapping is an essential yet normally 
overlooked  ingredient  of  a  study  designed to understand the role of sediment 
in an environmental  system. It  accurately  defines  the  geographic  extent of 
accumulation  areas  versus  nondeposition and erosion  regions. This  information 
allows loading calculations  once  the  accumulation  rate  is known. It  further 
determines  the  geographical  extent required for remedial measures, leads t o  a 
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s u b j e c t i v e   u n d e r s t a n d i n g  o f  t h e   p h y s i c a l   c o n d i t i o n s   i n c l u d i n g   i m p l e m e n t i n g  
c o n t r o l s   f o r   s e d i m e n t a t i o n   p r o c e s s e s   w i t h i n   t h e   A r e a   o f   C o n c e r n ,  and c r e a t e s  a 
knowledge  base f o r   t h e   i n t e r p r e t a t i o n   o f   g e o c h e m i c a l  and t e x t u r a l  
. i n f o r m a t i o n .   W i t h   t h e   a d d i t i o n   o f   t e x t u r a l   d a t a ,   t h e s e  maps p r o v i d e   t h e   b a s i s  
f o r  m o d e l l i n g   r e s u s p e n s i o n   a n d   t r a n s p o r t   w i t h i n   t h e   a r e a  and may p r o v i d e  
a d d i t i o n a l   i n f o r m a t i o n  on t h e  mechanisms o f   sed iment  movement i n t o   t h e  
r e c e i v i n g   w a t e r   b o d y .  

Mapping i s   t h e   f i r s t   s t e p   i n   o b t a i n i n g  a data  base  on  sediments.  
I n e x p e n s i v e   q u a l i t a t i v e   m e t h o d s   a r e  recommended f o r   t h e  mapping  sediment 
depos i t ion   zones .   Three  techn iques  may be  used:  echosounding,  seismic 
r e f l e c t i o n  and r e f r a c t i o n .  The f i r s t  may be e a s i l y   a d o p t e d   w i t h  a minimum o f  
t r a i n i n g .  The l a t t e r   t w o   m u s t  be  conducted  by a t r a i n e d   g e o p h y s i c i s t   o r  a 
q u a l i f i e d   c o n s u l t i n g  company. I n   a d d i t i o n ,   s i d e   s c a n   s o n a r  may be  used t o  
p r o v i d e   d i r e c t   a c o u s t i c   m a p p i n g   t o   d e t e r m i n e   t h e   e x t e n t   o f   s p e c i f i c   f e a t u r e s  
o r   o b s t r u c t i o n s  and   su r face   sed imen ta ry   s t ruc tu res .   Th i s   t echn ique   p rov ides  
v a l u a b l e   i n f o r m a t i o n   o n   t h e   d i r e c t i o n s   a n d   v e l o c i t i e s   o f   t h e   o v e r l y i n g  
w a t e r s .   O p e r a t i o n   a n d   i n t e r p r e t a t i o n   r e q u i r e s   t h e   u s e   o f   e x p e r t s .  

Echosounding i s  b a s e d   o n   t h e   f a c t   t h a t   t h e   w a t e r   c o n t e n t   o f   s e d i m e n t  
a l l o w s   v a r i a b l e   p e n e t r a t i o n   o f   h i g h   f r e q u e n c y   a c o u s t i c   s o u n d   w i t h   i n t e r n a l  
r e f l e c t i o n  o f  s o u n d   f r o m   i n t e r n a l   c h a n g e s   i n   t h e   s e d i m e n t .  

S e i s m i c   r e f l e c t i o n   i s   b a s e d   o n   t h e  same p r i n c i p l e  as  echsounding  but  uses 
a lower   f requency  sound  source  such  as a mud p e n e t r a t o r   a t  3 .5  KHz o r ,  more 
i m p o r t a n t l y ,  a h i g h   r e s o l u t i o n   s e i s m i c  boomer s o u r c e .   S e i s m i c   r e f r a c t i o n   i s  
b a s e d   o n   t h e   l a t e r a l  movement o f  sound  between  an  explosive  source  and a sound 
r e c e i v e r .  Time o f   a r r i v a l   o f   s p e c i f i c   r e s p o n s e s   i s   r e l a t e d   t o   t h e   t h i c k n e s s e s  
o f   t h e   v a r i o u s   u n i t s   t h r o u g h   w h i c h   t h e   s o u n d   t r a v e l s .   T h i s   a l l o w s   d e e p e r  
p e n e t r a t i o n   e v e n   i n t o   c o a r s e   s e d i m e n t .  No f u r t h e r   d e s c r i p t i o n  i s  p rov ided  as 
t h i s  and  the  two  subsequent   techniques  must  be conducted   by   t ra ined 
g e o p h y s i c i s t s .  

S ide   scan  sonar   uses   the   re tu rn   o f   bounced  h igh   f requency  sound,  swept 
l a t e r a l l y   o u t w a r d s   f r o m   t h e   v e r t i c a l .   F r e q u e n c y   c a n   b e   v a r i e d   d e p e n d i n g   o n  
i n s t r u m e n t a t i o n   b u t   i s   n o r m a l l y  100 K H z .  The i n t e n s i t y   o f   t h e   r e t u r n i n g  
s i g n a l   r e l a t e s   t o   t h e   f o r m  a n d   c o m p o s i t i o n   o f   t h e   r e f l e c t i n g   m a t e r i a l  and 
complete  mosaics o r  a c o u s t i c  maps can  thus be p r e p a r e d   f o r   t h e   a r e a .  

6.3.2  Sampling  Design  and  Techniques 

T h i s   s e c t i o n  recommends sed imen t   co l l ec t i on   p rocedures   f o r   subsequen t  
chemical  o r  b i o l o g i c a l   a n a l y s e s .   D e t a i l e d   c o n s i d e r a t i o n  i s  n o t   g i v e n   t o   s i t e  
s e l e c t i o n ,  numbers o f   r e p l i c a t e s  and  sampl ing  dev ices.  Two components o f  
s e d i m e n t s   a r e   d i s c u s s e d   s e p a r a t e l y   a s   t h e y   r e l a t e   t o   h a r b o r s   a n d  embayments: 
f i r s t ,   s e d i m e n t s  and  sediment-bed  loads  from  incoming  streams;  second, 
s a m p l i n g   t h e   d e p o s i t i o n a l   z o n e   i n   t h e   A r e a   o f   C o n c e r n .  

-. Streams & Suspended  Sediments 

Q u a l i t y  and quan t i t y   measuremen ts   o f   nu t r i en ts ,   me ta l s   and   o rgan ic  
c h e m i c a l s   d i s c h a r g e d   f r o m   t r i b u t a r i e s   a r e   c r i t i c a l   t o   a n y   p r o g r a m   i n t e n d e d   t o  
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assess  the  env i ronmenta l   s ta tus  o f   an  Area  o f   Concern.   Par t icu lar   impor tance 
must   be  focussed  on  the  ro le   o f   sediment   as a p o l l u t a n t   b y  i t s e l f ,  as a 
v e h i c l e   f o r   t r a n s p o r t   o f   o t h e r   p o l l u t a n t s  and  as a t o o l   f o r   e v a l u a t i n g  
p o l l u t a n t   s o u r c e s .  Any t r i bu ta ry   samp l ing   p rog ram  mus t   be   capab le  o f  
p r o v i d i n g :  

1 .   Es t imates  o f  seasona l   and  annua l   sed iment   and  po l lu tan t   d ischarge.  

2. The q u a l i t y   o f  suspended  and  f ixed  bed  sediments  dur ing  h igh  and  low 
f 1 ow p e r i o d s  . 

To answer   these  ques t ions   severa l   f ie ld   measurements   and/or   sampl ing  
a c t i v i t i e s   m u s t   b e   c a r r i e d   o u t .  The key  measurements  are  stream  f low  and 
sed imen t   d i scha rge  i n  a p rog ram  wh ich   i nc ludes  a s u f f i c i e n t  number o f   s t ream 
f l o w  measurements t o   p r o v i d e   a n   a c c u r a t e   e s t i m a t e   o f   s t r e a m   f l o w   d i s c h a r g e .  

Stream F 1 ow 

S t r e a m   f l o w   d i s c h a r g e   e s t i m a t e s   a r e  made e i t h e r   f r o m   d a i l y   r e c o r d   s i t e s ,  
where a c o n t i n u o u s   r e c o r d   o f   s t r e a m   s t a g e   i s   d e v e l o p e d   u s i n g   s t a g e   r e c o r d i n g  
d e v i c e s   o r   p a r t i a l   r e c o r d   s i t e s   w h e r e   p e r i o d i c   o b s e r v a t i o n s   a r e  made as 
d e t a i l e d   b y  Buchanan  and  Somers  (1974). A t  a d a i l y   r e c o r d  s i t e ,  a r a t i n g  
c u r v e   o r   r e l a t i o n s h i p   b e t w e e n   s t r e a m   s t a g e  and f l o w   i s   d e v e l o p e d   b y   t a k i n g  a 
se r ies   o f   s t ream  f l ow   measuremen ts   ove r   t ime  and p l o t t i n g   t h e m   a g a i n s t   t h e  
corresponding  s tage  measurements.  The s t ream  f low  measurements  are  developed 
acco rd ing   t o   me thods   desc r ibed   by   Car te r   and   Dav id ian   (1977)  and  Buchanan  and 
Somers (1976) .   Deve lopmen t   o f   t he   s tage -d i scha rge   o r   ra t i ng   cu rve  will 
r e q u i r e  a se r ies   o f   s t ream  f l ow   measuremen ts   t aken   ove r  one o r  more h y d r o l o g i c  
cyc les   o r   wa te r   yea rs .   Add i t i ona l l y ,   measuremen ts   mus t   be  made d u r i n g   p e r i o d s  
o f   l o w   ( b a s e )   a n d   h i g h   ( s t o r m   e v e n t   o r   w i n t e r / s p r i n g   r u n o f f )   f l o w .  
Contemporaneous  measurements  must  be made f o r   s e d i m e n t   c o n c e n t r a t i o n .  R i v e r  
s tage i s  reco rded   con t inuous ly   as   desc r ibed   by  Buchanan  and  Somers  (1974),  and 
i n  c o m b i n a t i o n   w i t h   t h e   s t a g e   d i s c h a r g e   r e l a t i o n ,   t h e   d i s c h a r g e   r a t i n g   c u r v e  
i s   c a l c u l a t e d  (Buchanan  and Somers 1 9 7 4 ) .   P a r t i a l   r e c o r d   s i t e s   a r e   s a m p l e d  
f o r   f l o w   i n   t h e  same f a s h i o n   e x c e p t   t h a t  a c o n t i n u o u s   r e c o r d   o f   s t a g e   i s   n o t  
ma in ta ined .  Peak s tage  may be   es t imated   us ing  a c r e s t   s t a g e  gauge  (Buchanan 
and Somers 1974) .  The p a r t i a l   r e c o r d   s i t e  will o n l y   p r o v i d e   d a t a   f o r   t h e  
t i m e s  when t h e   s p e c i f i c  measurement i s  made. 

S t r e a m   f l o w   m e a s u r e m e n t s   a r e   c a r r i e d   o u t   b y   t a k i n g  a s e r i e s   o f   v e l o c i t y  
measurements  along a c r o s s   s e c t i o n ,   m u l t i p l y i n g   t h e   v e l o c i t y   b y   t h e   p a r t i a l  
a r e a   o f   t h e   c r o s s   s e c t i o n   a n d  summing t h e   r e s u l t i n g   d i s c h a r g e s   f r o m   e a c h   c r o s s  
s e c t i o n .  The l o c a t i o n   s e l e c t e d   f o r   t h e   s t r e a m   d i s c h a r g e   m e a s u r e m e n t   i s  
c r i t i c a l   t o   p r o v i d e   a c c u r a t e   f l o w   a n d   s t a g e   m e a s u r e m e n t .   l h e   g e n e r a l   l o c a t i o n  
should  be i n   c l o s e   p r o x i m i t y   t o  a n   e s t a b l i s h e d   g a u g i n g   s t a t i o n ,   t h e   p h y s i c a l  
c h a r a c t e r i s t i c s   o f   w h i c h   h a v e   b e e n   d e s c r i b e d .  A s p e c i f i c   l o c a t i o n   s h o u l d   h a v e  
a u n i f o r m   c r o s s   s e c t i o n   a n d  a s m o o t h   a n d   s t a b l e   b o t t o m   o f   r e l a t i v e l y   w e l l  
c o n s o l i d a t e d   m a t e r i a l s .   T h i s   l a t t e r   r e q u i r e m e n t   i s   o f   p a r t i c u l a r   c o n c e r n  when 
measurements  are t o  be made by  wading i n  a s t r e a m .   D e t a i l e d   i n f o r m a t i o n  on 
es tab l i sh ing   t he   ope ra t i ng   gaug ing   s ta t i ons ,   mak ing   f l ow   measuremen ts  and 
c a l c u l a t i n g   s t r e a m   f l o w s   c a n   b e   f o u n d   i n  USGS (1977) .  These a c t i v i t i e s   a r e  
b e s t   p e r f o r m e d   b y   g r o u p s   o r   j u s i s d i c t i o n s   w i t h   s p e c i f i c   r e s p o n s i b i l i t y   f o r  
t h i s   t y p e   o f   w o r k .  
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Sediment  Discharge 

Sed iment   d ischarge  f rom a s t r e a m   o r   r i v e r   t o  an  open  water  system i s  
i m p o r t a n t   b e c a u s e   o f   t h e   r o l e   s e d i m e n t s   p l a y   i n   t h e   d y n a m i c s   o f   t h e  
i n t e r a c t i v e   p h y s i c a l ,   c h e m i c a l  and b io log ica l   sys tem.   Sed iments   ac t   as   the  
t r a n s p o r t e r  and p r o c e s s o r   o f   c h e m i c a l s   i n   t h e   s y s t e m .  On d i s c h a r g e   t o   t h e  
l a k e ,   h a r b o r   o r  embayment, sediments may f u r t h e r   a c t  as a source /s ink ,  a 
p r o c e s s   r e a c t o r   f o r   c h e m i c a l s   o r   a s  a s u b s t r a t e   f o r   e n v i r o n m e n t a l   e x p o s u r e .  
Because o f   s e d i m e n t ' s   m u l t i p l i c i t y   o f   r o l e s   i n   t h e   a q u a t i c   s y s t e m ,  it 
r e p r e s e n t s   t h e   e l e m e n t   r e q u i r i n g   t h e   g r e a t e s t   s a m p l i n g   e f f o r t .   W i t h i n   t h e  
sed imen t   sys tem,   t he   t h ree   p r i nc ipa l   componen ts   a re   suspended ,   t rac t i on   o r   bed  
load,   and  f i xed   bed  sed iments .  

Suspended m a t e r i a l   i s   t h e   p r i n c i p a l   t r a n s p o r t   v e h i c l e   f o r   c h e m i c a l s   w i t h i n  
t h e   f l u v i a l   s y s t e m  and i s   t h e r e f o r e   t h e  component t h a t   m u s t   r e c e i v e   t h e   m a j o r  
sampl ing   emphas is .   Wi th in   the   suspended  sed iment   f rac t ion   the  s i l t  and c l a y  
s i z e  (<0.062mm) m a t e r i a l s   a r e   c h e m i c a l l y  and b i o l o g i c a l l y   t h e   m o s t   a c t i v e  
(Ongley  and  B lachford  1982  and  Gol terman e t  a l .   1 9 8 3 ) .   B e c a u s e   o f   t h i s  
a c t i v i t y  and t h e   r e l a t i v e l y   g r e a t e r   m o b i l i t y   o f  suspended  mater ia l   (Cu lber tson 
1 9 7 7 ) ,   s a m p l i n g   f o r   e v a l u a t i o n   o f   c h e m i c a l   i n p u t   v i a   s e d i m e n t   t r a n s p o r t   s h o u l d  
f o c u s   o n   t h e   s i l t  and c l a y   s i z e   f r a c t i o n .  Bed s e d i m e n t s ,   p a r t i c u l a r l y   d u r i n g  
l o w   f l o w   p e r i o d s ,  may r e p r e s e n t  a r e a s o n a b l e   m e d i a   f o r   e v a l u a t i o n   o f   " b a s e  
l i n e ' '   s e d i m e n t   q u a l i t y .   I n  many f l o w i n g   s y s t e m s   t h e r e  may be l i t t l e ,  i f  any, 
u n c o n s o l i d a t e d   b e d   s e d i m e n t s .   I n   s u c h   c a s e s   e v a l u a t i o n   o f   t h e   f l u v i a l   s y s t e m  
may j u s t i f y   s a m p l i n g   b e d l o a d   ( M i l e s   1 9 7 7 ) .  

Suspended  sed iment   sampl ing   must   fo l low  two  t racks :   es t imat ion   o f  
suspended  mater ia l   d ischarge and d e t e r m i n a t i o n   o f   i t s   p h y s i c a l  and  chemical 
c h a r a c t e r i s t i c s .  The first s t e p   i n   e v a l u a t i n g   t h e  suspended  sediment o f  a 
f l u v i a l   s y s t e m   i s   e s t a b l i s h i n g   t h e   s e d i m e n t   d i s c h a r g e   c h a r a c t e r i s t i c s .   T h i s  
m u s t   b e   c a r r i e d   o u t   i n   c o n j u n c t i o n   w i t h   t h e   s t r e a m   f l o w   m e a s u r e m e n t .   D e t a i l s  
o f   sampl ing  procedures  and  sampl ing  equipment   requi red t o   e s t a b l i s h  good 
e s t i m a t e s  o f  f l u v i a l   s e d i m e n t   d i s c h a r g e   a r e   p r o v i d e d   b y   t h e  U.S.  Geolog ica l  
Survey (USGS) (Guy  1973  and Guy and Norman 1973) .  

I n   e s t a b l i s h i n g  a sed iment   measurement   p rogram,   loca t ion   o f   the   sampl ing  
s i t e  and t i m i n g   o f   s a m p l i n g   a r e   c r i t i c a l .   F o r   t h e   p u r p o s e   o f   i n v e s t i g a t i n g  
Areas o f  Concern there must be p o s i t i v e  downstream  movement  of  water. To 
a c h i e v e   p o s i t i v e   f l o w  i t  may be  necessary t o  move upstream,  but   the  sample 
s t a t i o n   m u s t   b e   l o c a t e d   a s   c l o s e   t o   t h e   r i v e r   m o u t h   a s   p o s s i b l e .  
E s t a b l i s h m e n t   o f  a r e l i a b l e   s e d i m e n t - d i s c h a r g e   r e l a t i o n s h i p ,  and t h e r e f o r e ,   a n  
a c c u r a t e   e s t i m a t e   o f   s e d i m e n t   d i s c h a r g e   i s   c r u c i a l .   T h u s ,   s a m p l i n g   i s  
r e q u i r e d   d u r i n g  as many r u n o f f   e v e n t s   a s   p o s s i b l e   i n   a d d i t i o n   t o   b a s e   f l o w  
c o n d i t i o n s   o v e r   t h e   e n t i r e   h y d r o l o g i c   y e a r .  Less  f requent  suspended  sediment 
q u a n t i t y   s a m p l i n g  will b e   c a r r i e d   o u t   i n   a d d i t i o n   t o   t h e   s a m p l i n g   f o r   s e d i m e n t  
q u a l i t y .   L a b o r a t o r y   e v a l u a t i o n   o f   t h e   s e d i m e n t   c a l c u l a t i o n   f o r   d i s c h a r g e  
c o n c e n t r a t i o n   s h o u l d   b e   p e r f o r m e d   a c c o r d i n g   t o  Guy ( 1 9 6 9 ) .   A f t e r   t h e  
s e d i m e n t - d i s c h a r g e   r a t i n g   h a s   b e e n   e s t a b l i s h e d ,   t h e   d i s c h a r g e   o f   f l u v i a l  
sediments may b e   c a l c u l a t e d .   T h e s e   c a l c u l a t i o n s   s h o u l d   b e   c a r r i e d   o u t  
a c c o r d i n g   t o   t h e  USGS p r o c e d u r e s   d e t a i l e d   b y   P o r t e r f i e l d   ( 1 9 7 2 ) .  
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Sampling  suspended  sediment  for  chemical  quality  analysis is not as well 
documented  as  determining  sediment  discharge.  The  primary  problem with 
sediment  sampling  for  quality  analysis is obtaining  a  sufficient  quantity of 
material. A method was  described by McMillan  and  Thomas (1977) for pumping 
and  continuous  flow  centrifugation of  large  volume  samples. A comparable 
method  using  a  different  centrifuge  was  described by Ongley  and Blachford 
(1982); proprietary  equipment is available  (Anon. 1981) under  the  trade  name 
“Sedisamp  System”.  The  continuous  centrifuge  sampling  system,  while it 
collects  a  sufficient  sample  for full evaluation, has certain operational 
limitations  which  must be factored  into  its  use.  Collection  of  a  depth 
integrated  sample,  as provided by standard  sediment  sampling  equipment, is 
difficult.  Similarly,  collection  from  a large number of  locations  across  a 
cross  section  is  not  feasible.  Because of these  limitations,  preliminary 
evaluations  are  necessary to  determine  optimum  sample  collection points. 
Ongley  and  Blachford  (1982)  suggest  sampling at  the one-third  points  along 
cross  section  at  a  fixed  depth. A s  reported by Culbertson (1977) there may be 
substantial  vertical  and  horizontal  variation.  Identification of exact  sample 
location  should  include  evaluation  of  horizontal  suspended  sediment 
distribution  from  the  sediment  discharge  measurements and site physical 
characteristics.  Sampling  frequency  can  be  estimated  from  suspended  sediment 
measurements. In general, 10 high  volume  sediment  samples  should  be  taken 
over a year  including  three to five runoff event  samples.  The samples should 
be collected at  times and under  conditions  that will provide  a good 
representation of the  system’s  flow regime. 

Fixed bed sediment  samples  (see  following  section)  should be collected 
concurrently  with  centrifuged  suspended  sediment  samples  when  flow and bottom 
sediment  conditions  permit. 

Bottom  Sediments 

Surface  sediment is collected at selected  sampling  stations to obtain 
information  on  horizontal  distribution of contaminants.  Sediment  cores should 
be  collected at selected  sampling  stations to determine  the vertical 
distribution and historical  inputs of contaminants. In addition,  sediment 
samples  may be stored for  future  reference and  comparison. 

From t h e  mapping  procedure,  the depositional zone in the Area of Concern 
will have been identified. To  determine  the horizontal  variation in the 
surficial  sediments,  a grid  should  be  established  covering the depositional 
zone and a  minimum of 10 samples  taken  for  subsequent  analysis.  The  sampling 
locations  within  the grid should  be  randomly  determined. In addition  to 
examining  surficial sediments,  a  number of core  samples  also should be taken 
to establish  the  chronology of contamination.  Therefore,  randomly selected 
core  samples need to be taken at  three  to five locations. The recommended 
equipment  for  taking  samples is easy to operate  and  readily  available to 
consulting  companies  and  government  agencies  (Table 17). 

6 . 3 . 3  w i n g  and Accumulation 

A major  value of sediments is the historical  perspective  they  offer.  This 
is of particular  significance in assessing  the  extent of impact on the  Great 
Lakes from human  perturbation.  The  following  methodologies are recommended 
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TABLE 17 

RECOMMENDED  SAMPLERS IN DEPOSIlIONAL  lONES 

S U I T A B L E   F O R  

Silts & Clays  Fine  Gravel 
Fine  Sands, 

(<0.1 mm) (0.5 -4 mm) 
COMMENTS 

Ponar  Grab i- 

Sh i pek t 

Mini-shipek i- 

Bi rge--Ekman t 

Benthos  Gravity t- 
Corer 

K.B. Corer c 

t 

t- 

Requi res winch 
surficial  sediments  only 

Requires winch-- 
surficial  sediments  only 

Hand operable 
surficial  sediments  only 

Hand operable 
surficial  sediments  only 

Requires  winch - 
vertical profiles 

Hand operated 
vertical profiles 

- ~~ ~ ~ ~ 

+ indicates  suitability 

- 134 - 



f o r   d a t i n g   s e d i m e n t s ,   m e a s u r i n g   c o n t a m i n a n t   a c c u m u l a t i o n   a n d   e s t i m a t i n g  
1 oadi   ngs . 
D a t i n g  

Many t e c h n i q u e s   h a v e   b e e n   d e v e l o p e d   f o r   p r o d u c i n g   r e l a t i v e  and a b s o l u t e  
d a t e s   f o r   l a k e   s e d i m e n t s .  These  range  f rom  long  term,  up t o  40,000 years 
(Lake  Biwa),  t o   w i t h i n   t h e   h i s t o r i c a l   r e c o r d  o f  t h e   l a k e   b a s i n .  The method 
s e l e c t e d   i n  any  one  case  depends  on the   l ake   bas in   and   sed imen t  
c h a r a c t e r i s t i c s  as w e l l   a s   t h e   a v a i l a b i l i t y   o f   t e c h n i c a l   e q u i p m e n t  and 
e x p e r t i s e .   I n   v i r t u a l l y   a l l   c a s e s ,   h o w e v e r ,  more  than  one  method  should  be 
a p p l i e d   i n   o r d e r   t o   p r o d u c e   i n t e r n a l   v e r i f i c a t i o n  a n d   c o n f i r m a t i o n .  

The da t i ng   me thods   used   f a l l   under   t h ree   ma in   ca tegor ies :   even t   re la ted ,  
s t r a t i g r a p h i c  and  rad iochemica l   (Tab le  1 8 ) .  A b s o l u t e   d a t i n g   i s   g e n e r a l l y  
prov ided  by  rad io-chemical   methods.  Once s t ra t i g raphy   and   even ts   have  been 
p l a c e d   i n  a dated  sequence,   they i n   t u r n   p r o v i d e   r a p i d   a b s o l u t e   d a t e s  and 
c o r r e l a t i o n .  

TABLE 18 
TECHNIQUES FOR SEDIMENT D A T I N G  

~ 

EVENTS STRATIGRAPHY RADIOCHEMISTRY 

S 1 umps Magne tos t ra t i g raphy  Cl4 

T u r b i d i t i e s  F o s s i l  Assemblages  Pb2l0 
H y d r a u l i c  Regime Cherni ca 1 (CSl3 ’ )  

C Y 7  1 - e x t u r a l  
F l o r a  & Fauna  Change 
An th ropogen ic   Ma te r ia l s  

Events  

E v e n t s   c o n s t i t u t e  a ho r i zon   marke r   w i th in   t he   sed imen t   co lumn  wh ich   can  be 
r e l a t e d   t o  a s p e c i f i c   e v e n t   o c c u r r i n g   e i t h e r   i n   t h e   l a k e ,  i t s  b a s i n   o r  an 
e x t e r n a l   e v e n t   o f   s u f f i c i e n t   m a g n i t u d e   t o   p r o v i d e  a r e c o r d   o f   i t s   i n f l u e n c e   i n  
the  sediment.   These may b e   r e a d i l y   r e l a t e d   t o  a known e v e n t   f o r   w h i c h   t h e  
d a t e   i s  documented o r  may mere ly   serve   as  a  means o f   c o r r e l a t i o n   b e t w e e n  
co res .  The e v e n t   h o r i z o n s   l i s t e d   i n   T a b l e  18 a r e   a s   f o l l o w s :  

Slumps - s lumps   imp ly   t he  mass downslope  movement o f  sediment  f rom one 
l o c a t i o n   t o   a n o t h e r  due t o  some s t rong   ex te rna l   s t imu lus   such   as   an   ea r thquake  
o r   s t o r m .  The m a t e r i a l  moved i s   g e n e r a l l y   s i m i l a r   t o   t h a t   o c c u r r i n g   a t   t h e  
p o i n t   o f   f i n a l   d e p o s i t i o n   a n d  may n o t  be r e a d i l y   v i s i b l e .  An e x c e l l e n t  
example i s   g i v e n   b y   E d g i n g t o n   a n d   R o b b i n s  ( 1 9 7 6 ) ,  who showed t h e   p r o f i l e   f o r  
excess  Pb2lo i n  a core   f rom  Lake  Mich igan  where   b lock   depos i ts   o f   cons tan t  
P b 2 l O   c o n c e n t r a t i o n   o c c u r r e d   i n d i c a t i n g   i n s t a n t a n e o u s   d e p o s i t i o n .   T h r e e  
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i n t e n s e   s t o r m s   t h a t   o c c u r r e d  i n  1915,  1940  and  1958  could  have  been  the  events 
r e s p o n s i b l e   f o r   t h e   s l u m p i n g .  

T u r b i d i t i e s  - H i g h   w a t e r   t u r b i d i t y   r e s u l t s   i n   d e n s i t y   d i f f e r e n c e s  and may 
c r e a t e   w a t e r  mass f l o w .   T u r b i d i t y   e v e n t s   c a n  be t r iggered  by   s to rms,   heavy  
f l u v i a l   l o a d i n g   o f  s u s p e n d e d   m a t e r i a l s   o r   o t h e r   e v e n t s   w h i c h   i n d u c e  
resuspens ion .  These h i g h   d e n s i t y   w a t e r  masses will f l o w  down s lopes  as an 
i n t e g r a l  mass of  m a t e r i a l .  When f l o w   c e a s e s ,   t h e   s u s p e n d e d   m a t e r i a l   i s  
r e d e p o s i t e d   w i t h   c o a r s e   m a t e r i a l   b e i n g   d e p o s i t e d   f i r s t   a n d   o v e r l a i n   b y  
p r o g r e s s i v e l y   f i n e r   m a t e r i a l .  The occurrences o f  t u r b i d i t i e s  have  been 
r e c o r d e d   i n  many lakes .  A good  example  from  Lake Geneva has  been  provided  by 
V e r n e t   e t   a l .   ( 1 9 8 4 ) ,  who showed  a change i n   d e p o s i t i o n   o c c u r r i n g   a t  a depth  
o f  12 cm, w h i c h   r e s u l t e d   i n  a decrease i n   o r g a n i c  C ,  Cd,  Hg,  Zn and 
Cs13 ’ .  T u r b i d i t i e s   a r e   d i s t i n g u i s h a b l e   f r o m   s l u m p s   b y   t h e   f i n i n g   u p w a r d  
sequence   cha rac te r i s t i c   o f   t he   t ranspor t   sed imen ta t i on   p rocess ,   whereas   s lumps  
are  homogenized  by  the mass f l o w  of sediment  downslope. 

H y d r a u l i c  Regime - major  changes i n   t h e   f l o w   c h a r a c t e r i s t i c s   o f   t h e   i n p u t  
t o   l a k e s  may have a p ro found   v i sua l   impac t   on   t he   sed imen t .  Changes a r e  
n o r m a l l y   d u e   t o  human in f luence,   such  as  damming o r   c h a n n e l   m o d i f i c a t i o n .  An 
exce l len t   example   has   been  g iven   by   Domin ik   e t   a l .   (1981)   fo r   Lake  Constance.  
I n  1900  the  Upper   Rhine  River  was c h a n n e l i z e d   s u c h   t h a t   i t s   o u t l e t   t o   t h e   l a k e  
was s h i f t e d  some e i g h t   k i l o m e t e r s   n o r t h e a s t   o f   i t s   p r e v i o u s   o u t l e t .  A co re  
taken  showed  a s i g n i f i c a n t  change i n  c o m p o s i t i o n   a t  a d e p t h   o f  11 cm, changing 
f r o m  a coa rse   g ra ined  homogenous m a t e r i a l   t o  a f i n e r   g r a i n e d   l a m i n a t e d  
s e d i m e n t .   P b 2 l 0   d a t i n g  o f  t h i s   c o r e   i n d i c a t e d   t h a t   i n   1 9 0 0  a break i n  
s e d i m e n t a t i o n   o c c u r r e d ,   c o n f i r m i n g   t h e   d a t e   o f   t h e   c h a n g e   i n   s e d i m e n t a t i o n .  

Cs137 - d e s p i t e   t h e   f a c t   t h a t  Cs13’ i s  a r a d i o n u c l i d e ,  it i s  
i nc luded   as   an   even t   marke r   ra the r   t han  a r a d i o - i s o t o p e   d a t i n g   t e c h n i q u e .  
T h i s   i s  because  Cs13’   concentrat ion i n  sediment  cores  and  atmospher ic 
f a l l o u t   p a r a l l e l s   t h e   a t m o s p h e r i c   t e s t i n g   o f   n u c l e a r   d e v i c e s   w i t h  maximum 
C ~ 1 3 ~  a c t i v i t y   i n   s e d i m e n t   p r o f i l e s   c o r r e s p o n d i n g   t o   t h e   y e a r   1 9 6 4 .  From 
t h e   c o r r e s p o n d i n g   p e a k   i n   s e d i m e n t  Cs137 a c t i v i t y  it i s  assumed t h a t  
i n c o r p o r a t i o n   i n t o   t h e   s e d i m e n t   i s   r a p i d   a n d   t h a t   p o s t - d e p o s i t i o n a l   m i g r a t i o n  
i s   n o t   s i g n i f i c a n t .   T h i s   m i g r a t i o n  may occur  (Lerman  and  Lietzke  1975; 
Robbins e t  a l .  1979 ;   A lbe r t s  d. 1979;  and  Dominik e t   a l .   1 9 8 1 ) ,   b u t  i t  i s  
g e n e r a l l y   a g r e e d  t h a t ,  where a w e l l  d e f i n e d   p r o f i l e  and c l e a r  peak  occur,   the 
method  can  be  used w i t h   c o n s i d e r a b l e   r e l i a b i l i t y .   S t u d i e d   d i s t r i b u t i o n s   w h i c h  
a r e   c h a r a c t e r i s t i c   o f   t h e   p r o f i l e s   f r o m   m o s t   l a k e s  show t h a t   t h e   d a t a   m u s t   b e  
i n t e r p r e t e d   w i t h   c a u t i o n   b u t   t h a t ,   i n   g e n e r a l ,   t h e   m e t h o d   u n d e r   m o d e r a t e   t o  
r a p i d   c o n t i n u o u s   s e d i m e n t a t i o n   p r o v i d e s   e x c e l l e n t   r e s u l t s .  

F l o r a  & Fauna  Change - t h i s   t y p e   o f   e v e n t   i s  one i n  which a r a p i d  change 
i n   f l o r a  and  fauna  occurs  as a r e s u l t   o f  a s p e c i f i c  phenomenon. It does n o t  
r e l a t e   t o   t h e   s l o w e r   e v o l u t i o n a r y   c h a n g e s   o c c u r r i n g   i n   r e s p o n s e   t o   c l i m a t e   o r  
c h a n g i n g   l a k e   c o n d i t i o n s .  One o f   t he   bes t   examp les   t ha t   has   been   used  
e x t e n s i v e l y  i s  t h e   A m b r o s i a   p o l l e n   r i s e   i n   f o r e s t e d   a r e a s   o f   e a s t e r n   N o r t h  
America. The i n c r e a s e   i n   t h i s   p o l l e n   c a n  be observed  eas i l y   and i s  a most 
e f f e c t i v e   m a r k e r .   A m b r o s i a ,   o r   t h e  common ragweed,  increased  as a r e s u l t   o f  
d e f o r e s t a t i o n  and t h e   i n c r e a s e   i n   i t s  open meadow h a b i t a t .   L o c a l   r e c o r d s   o f  
l a n d   t r a n s f e r   p r o v i d e   p r e c i s e   d a t e s   a t   w h i c h   d e f o r e s t a t i o n   o c c u r r e d ,   f o r  
example i n  1850 i n  Lake   On ta r io  (Kemp and  Harper  1976; McAndrews 1976). 
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Anthropogenic  Materials - this  technique has not been  applied to a great 
extent  but could  be useful in certain  areas.  For  example,  the  occurrence of 
fly  ash and coal particles is common in the  sediments  of  the  Great Lakes. 
This material came  from  coal-fired  steam  vessels, and it is certain  that if 
the  spatial  concentrations  were to be  mapped,  the  shipping  tracks of the  Great 
Lakes would clearly be seen. Such a  study  could  be used to mark the onset of 
steam  shipping, and the  profiles  would  probably  reflect  the  slower  subsequent 
change to diesel motor vessels. This  work has not been carried out but has 
wide  applicability to other  regions impacted by industrialization. 

Stratigraphy 

Stratigraphy  emphasizes  those  single or composite  changes  which  occur 
relative  to  natural, e.g.  climatic  changes or broad human-induced  changes  such 
as  eutrophication,  industrialization and most  recently  acidification.  Some of 
these  are  described below. 

Magnetostratigraphy - the  basis  for  magnetostratigraphy has been well 
described by Thompson (1984). It is based on the  fact  that magnetic 
declination  and  inclination  are  continuously  changing  and the residual 
magnetism o f  particles in sediment  cores retain  a  measurable record of these 
changes.  Master  curves  have been  prepared and dated for  the  entire  Holocene 
record against  which  comparison  may be  based.  Age  estimations and 
correlations  can  thus be made,  though  it should be noted that  this field 
requires  specialized  training  and  equipment. 

Fossil  Assemblages - the  literature  abounds  with  excellent  studies on 
palaeolimnology  which  are based on  stratigraphic  evidence  from  plant  remains. 
A compendium is provided by Haworth  and Lund (1984) that  provides a series  of 
good  examples.  Most  studies involve algal and/or pollen  stratigraphy - the 
former  to obtain  an  insight on  changing  lake  conditions  relative to external 
forces,  while  the  latter  represents  sedimentary  preservation of the  changes in 
the basin as  affected by both  natural  and  human  causes. 

Chemical - these  may be  divided  into  a  number  of  categories  relative to 
the  process or  cause of chemical  change in the  sediment column. These 
include:  eutrophication  which  can  be  verified by biologic  stratigraphy; 
changes  in  weathering or soil erosion; and  industrialization  and  the  onset of  
pollutants  which  may be  individually  dated and collectively used to define  the 
history o f  industrialization. 

Eutrophication:  cultural  eutrophication  is  the  onset o f  increased and 
detrimental  algal  productivity  resulting  from  increased  human  population 
and  associated land use,  thus  increasing  the  supply of  plant  nutrients, P 
and N, to lake systems. A  good example is given for Lake  Constance by 
Muller  et  al. (1979). 

Weathering  and  erosion:  Makareth (1966) and Engstrom  and  Wright (1984) 
have  drawn  attention to  the  fact  that during  periods  of  active  erosion, 
the  mass  transport of raw unleached soils  should  increase levels  of Na, K 
and Mg in lake  sediments.  During  episodes  of  relatively  stable  soils, on 
the  other  hand,  deep  weathering  should  diminish  the mineral  material 
available  for  erosive removal, transport and  sedimentation.  Thus, 
elements  that  represent  the mineral or detrital  fractions  should  directly 
reflect  erosion  intensity in the basin. 
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I n d u s t r i a l i z a t i o n :   t h e   o n s e t  o f  t h e   i n d u s t r i a l   r e v o l u t i o n   i s   s t r o n g l y  
r e f l e c t e d   i n   t h e   l a k e   s e d i m e n t   c o l u m n .   I n   t h e   N o r t h   A m e r i c a n   G r e a t   L a k e s  
t r a c e   m e t a l   c o n c e n t r a t i o n s   s t a r t   t o   r i s e   i m m e d i a t e l y   f o l l o w i n g   t h e   a r r i v a l  
o f  C a u c a s i a n s   a n d   t h e   d e f o r e s t a t i o n   o f   t h e   b a s i n .  The genera l   i nc rease  
a c c e l e r a t e d   a t   t h e  t u r n  o f   t h e   c e n t u r y   a n d  was  amp1 i f  ied  by  Wor ld  War 11. 
Cer ta in   responses  by s p e c i f i c  elements o c c u r  o v e r  and above t h e   g e n e r a l  
t rends .   For   example ,   inc reases  i n  Pb c o n c e n t r a t i o n s   i s  a response t o   t h e  
a d d i t i o n   o f  Pb t o   g a s o l i n e ,   a n d  Hg f r o m   t h e   b u i l d i n g   o f   c h l o r - a l k a l i  
m e r c u r y   c e l l   p l a n t s  (Kemp e t   a l .   1 9 7 4 ) .  The pos t   Wor ld  War I 1  e r a   i s  
c h a r a c t e r i z e d   b y   t h e   o n s e t  o f  t h e   p r o d u c t i o n  o f  o rgan ic  compounds which 
came u n d e r   c o n t i n u o u s l y   i n c r e a s i n g   u s e   a f t e r   1 9 5 0 .   T h i s   i n c r e a s e   i n  
organochlor ines  has  been  documented i n   t h e   G r e a t  Lakes  by  Frank e t   a l .  
(1977,  1979a  and  1979b)  and  by Thomas e t   a l .   ( 1 9 8 4 )   f o r  one c o r e   i n  Lake 
Geneva. 

I n   g e n e r a l ,   t h e   c o n c e n t r a t i o n   o f   a n   e l e m e n t   o r  compound i n  a dated 
s e d i m e n t   c o r e   c l o s e l y   f o l l o w s   t h e   p r o d u c t i o n   o r   s a l e s   o f   t h e  same m a t e r i a l  
( V e r n e t   e t   a l .  1984;  and  Durham  and O l i v e r   1 9 8 3 ) .  Such d a t a   c l e a r l y  and n o t  
s u r p r i s i n g l y ,   s u g g e s t   t h a t   e n v i r o n m e n t a l   l e v e l s   o f   c o n t a m i n a n t s   a r e   d i r e c t l y  
p r o p o r t i o n a l   t o   p r o d u c t i o n ,   w h i c h  may be t r a n s l a t a b l e   i n t o   s a l e s  and 
d i s t r i b u t i o n .  

Rad i oc  hemi s t   r y  

Two ma jo r   rad iochemica l   t echn iques ,  CI4  and  Pb210, a r e   c u r r e n t l y  
used f o r   a b s o l u t e   d a t i n g   o f   s e d i m e n t   c o r e s .  The f o r m e r   i s   g e n e r a l l y   u s e d  t o  
e s t a b l i s h   t h e   c h r o n o l o g y   o f   s t r a t i g r a p h i c   d a t a .  It i s  d i f f i c u l t   t o  use  and 
i n t e r p r e t ,   a n d  i s  d e p e n d e n t   o n   t h e   c o r e   i n t e r c e p t i n g   s u i t a b l e   b i o l o g i c a l  
m a t e r i a l   f o r   a n a l y s i s .   W i t h  a h a l f   l i f e   o f  5,736 years ,  it i s   u s e f u l   i n  
c o r r o b o r a t i n g   m a j o r   e v e n t s   o v e r   t h e   p o s t - g l a c i a l   p e r i o d .  Pb2lO i s  
becoming a s t a n d a r d   d a t i n g   t o o l   i n   l a k e   s e d i m e n t   s t u d i e s  and i s  r a p i d l y  
r e p l a c i n g   t h e  m o r e   t i m e - c o n s u m i n g   s t r a t i g r a p h i c  and faunal   change  techniques.  
It i s  o f  p a r t i c u l a r   v a l u e   i n   d e t e r m i n i n g   t h e   h i s t o r i c a l   r e c o r d   f r o m   t h e   l a t t e r  
p a r t   o f   t h e   1 9 t h   c e n t u r y   t o   p r e s e n t .  It i s  n o t   f u r t h e r   d e s c r i b e d   h e r e   s i n c e  
many exce l len t   papers   have  been  p resented  on the  method,  e.g.  Krishnaswamy 
" e t  a1 1971;  and O l d f i e l d  and  Appleby  1984. 

Accumulation 

The t e c h n i q u e s   f o r   e s t a b l i s h i n g  a core   chorono logy   have  been  descr ibed  in  
t h e   p r e v i o u s   s e c t i o n .   U s i n g   t h e s e   t e c h n i q u e s ,  a p r o f i l e  will have  been 
c rea ted   f rom  wh ich   accumu la t i on   can   be   es t ima ted   a long   t he   l eng th   o f   t he   co re  
and   t hus   an   es t ima t ion   o r   measuremen t  o f  v a r i a b l e   s e d i m e n t a t i o n   t h r o u g h o u t   t h e  
l e n g t h  o f  core  sampled. I n   c o n t r a s t ,   e v e n t s  will have i d e n t i f i e d   o n l y  a 
s i n g l e   t i m e  zone w i t h i n   t h e   c o r e .  Thus, v a r i a b l e   s e d i m e n t a t i o n  may o n l y  be 
e s t i m a t e d  i f  more   than  one  t ime  zone  has   been  iden t i f ied .   Constan t  
sedimentat ion  between  zones  or   between a s i n g l e  t i m e  marker   and  the  sur face 
will otherwise   be  assumed. 

To ta l   sed iment   accumula t ion  i n  a b a s i n  may be  determined  most  s imply  by 
m u l t i p l y i n g   t h e   a v e r a g e   a n n u a l   r a t e   ( d e t e r m i n e d   a t   e a c h   c o r e   l o c a t i o n )   b y   t h e  
a r e a   o f   t h e   b a s i n   a s   d e t e r m i n e d   b y   m a p p i n g .   l h i s   a n n u a l   r a t e   o f   s e d i m e n t a t i o n  
measured i n   d r y  sediment   per   year  may then  be  used t o   c a l c u l a t e   e l e m e n t a l  
accumu la t i on   us ing   t he   ave rage   va lue   f o r   each   e lemen t   o r  compound measured. 
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The  method  above  cou ld   be   re f ined  by   inc reas ing   sampl ing   and  cor ing  
i n t e r v a l s  and   by   de te rm in ing   a reas   o f   equa l   accumu la t i on   ra tes   and   e lemen ta l  
c o n c e n t r a t i o n s .  However, t he   i nc reased   cos ts   o f   such   an   exe rc i se   wou ld  be 
p r o h i b i t i v e ,  and i t  i s   d o u b t f u l   t h a t   t h e   i m p r o v e m e n t   i n   r e s o l u t i o n   w o u l d  be 
s u f f i c i e n t   t o   w a r r a n t   t h e   i n c r e a s e d   w o r k   l o a d .  It i s  recommended, however, 
t h a t   t h r e e   t o   f i v e   c o r e s  be  taken t o   d e t e r m i n e   a v e r a g e   s e d i m e n t a t i o n   r a t e   w i t h  
a minimum o f  10 surface  samples t o   o b t a i n  mean e lemen ta l   concen t ra t i ons .  

6 . 3 . 4  Sediment  Resuspension  and  Transport  

The p rob lem  o f   en t ra inmen t ,   resuspens ion   and   t ranspor t   o f   sed imen t   i s  a 
r e l a t i v e l y  new area  o f  research .  As s u c h ,   t h e   p r o c e d u r e s   f o r   i d e n t i f y i n g   t h e  
p r o b l e m   a n d   c h a r a c t e r i z i n g   i t s   e x t e n t   a r e   a t   b e s t  ad  hoc. 

F i e l d  m e a s u r e m e n t s   o f   r e s u s p e n s i o n   a n d   t r a n s p o r t   a r e   e x t r e m e l y   d i f f i c u l t  
a n d   e x p e n s i v e ,   p a r t i c u l a r l y   a s   t h e  phenomenon i s   u s u a l l y   a s s o c i a t e d   w i t h  
s t o r m s   o r   s h o r t   d u r a t i o n ,   h i g h   i n t e n s i t y   e v e n t s .   I n s t r u m e n t a t i o n   f o r   m a k i n g  
t h e   r e q u i r e d  measurements i s   o n l y  now under   deve lopmen t   and   t he re fo re   t he i r  
use i s   n o t   r o u t i n e .   C o n s e q u e n t l y ,  it i s  recommended t h a t  a resuspension  and 
t r a n s p o r t   s t u d y   a n d   i t s   c o r r e l a t i o n   w i t h   e v e n t s   s h o u l d   b e   p e r f o r m e d   o n l y   a f t e r  
a l l   o t h e r  causes of   suspected  impai rment   have  been  explored.  

I n d i c a t o r s  and C r i t e r i a   f o r   U n d e r t a k i n g  a Resuspension  and  Transport   Exper iment 

I n d i c a t o r s   t o   e s t a b l i s h   t h e   n e e d   f o r  a r e s u s p e n s i o n   t r a n s p o r t   s t u d y   h a v e  
e i t h e r  a b i o l o g i c a l / c h e m i c a l   o r   p h y s i c a l / g e o l o g i c a l   b a s e .  The judgement  as t o  
when  a resuspens ion   t ranspor t   s tudy   needs   t o   be   pe r fo rmed   shou ld  be determined 
b y   t h e   n e e d   f o r   f u r t h e r   p r o b l e m   d e f i n i t i o n ,   i . e .   a r e a   a n d   m a g n i t u d e   o r  when 
t h e   p o s s i b l e   r o l e   o f   r e s u s p e n s i o n   i n   b i o a v a i l a b i l i t y   i s   c o n s i d e r e d   p o t e n t i a l l y  
s i g n i f i c a n t .   O b v i o u s l y ,  i f  c o n s i d e r a b l e   m o r t a l i t y   o r   s p e c i e s   i m p a i r m e n t   a r e  
n o t i c e d   a f t e r   s t o r m   e v e n t s   o r   f o l l o w i n g   t h e   p a s s a g e   o f  a l a r g e   v e s s e l ,   t h e  
ro le   o f   resuspens ion   o f   con tamina ted   sed imen ts   needs   t o   be   assessed .  

Suppor t i ng   ev idence   t ha t   resuspens ion  and t r a n s p o r t   m i g h t   b e   s u f f i c i e n t l y  
i n t e n s e   t o   w a r r a n t   a t t e n t i o n   c a n  be  obtained  by a s i m p l e   p h y s i c a l / g e o l o g i c a l  
ove rv iew  of t h e   p r o b l e m   s i t e .  The f o l l o w i n g  may be   used  as   ind ica tors :  

The a c t i v e  s t o r m  p a t t e r n s  whose o c c u r r e n c e   p e r i o d  i s  l e s s  t h a n   t h e  
t i m e  it w o u l d   t a k e   t h e   A r e a   o f   C o n c e r n   t o   f l u s h   o u t  and t h e  
resuspended  sed iment   se t t le   o r   be   t ranspor ted   f rom  the   sys tem.  

The s t o r m   p a t t e r n s  whose r u n o f f  volume i s  on t h e   o r d e r  o f  t h e   w a t e r  
volume i n   t h e  Area o f  Concern.  These f i r s t   t w o   c o n s i d e r a t i o n s   a r e  
p a r t i c u l a r l y   p e r t i n e n t   d u r i n g   f a l l ,   w i n t e r  and e a r l y   s p r i n g .  

The p resence   o f  a h i g h   p e r c e n t a g e   o f   c l a y s ,  muds and s i l t s   i n   t h e  
g r a i n   s i z e   d i s t r i b u t i o n .  These  substances  which  stay i n   t h e   w a t e r  
column f o r   l o n g   p e r i o d s   o f   t i m e  may be r e m o b i l i z e d  and a r e   t h e  
p a r t i c l e s   m o s t   r e s p o n s i b l e   f o r   t o x i c   s u b s t a n c e   t r a n s p o r t .  

I n   c o m b i n i n g   t h e   f i r s t   t h r e e   c o n s i d e r a t i o n s ,  it can  be   no ted   tha t  
i n t e n s e ,   f r e q u e n t   s t o r m s   w i t h   l a r g e   r u n o f f   v o l u m e s  will cause 
f r e q u e n t   r e s u s p e n s i o n   a n d   t r a n s p o r t  o f  c lays   and muds. I f  an  Area o f  
Concern  has a l a r g e   r e s i d e n c e  t i m e  and a h i g h   c l a y   s i z e   f r a c t i o n ,  i t  
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i s  reasonable t o  assume t h a t   a f t e r  a s to rm  even t  i t  will t a k e  a 
t i m e  f o r   t h e   s e d i m e n t   t o   s e t t l e ,   t h e r e f o r e   i n t r o d u c i n g   n o t   o n l y  
b u t   c h r o n i c   e f f e c t s :  

A c t i v e   s h i p   c h a n n e l   t r a f f i c ,   e s p e c i a l l y   i n   h a r b o r s   w i t h   m a r g i n a  
s h a l l o w   d r a f t .  

U p s t r e a m   d r e d g i n g   o r   s h o r e l i n e   c o n s t r u c t i o n .  

1 ong 
acu te  

1 o r  

Wide s h a l l o w   b a s i n s   w i t h   f l o o d   p l a i n s .   B a s i n s   s u c h   a s   t h e s e   h a v e   a n  
i n t e n s e   r e s p o n s e   t o   s m a l l   s t o r m w a t e r   r u n o f f   v o l u m e s   w i t h   i n c r e a s e d  
v e l o c i t i e s   ( s h e a r   a n d   w a t e r   e l e v a t i o n ) ,   t h e r e f o r e   r e s u s p e n s i o n  
t r a n s p o r t   i s   h i g h   d u r i n g   s t o r m s .   A f t e r   s t o r m   p a s s a g e ,   t h e   f l o o d  
w a t e r s   i n   f l o o d   p l a i n s   s l o w l y   r e l e a s e   w a t e r ,   s e d i m e n t   a n d   t h e r e f o r e  
t o x i c a n t s ,   b a c k   i n t o   t h e   s y s t e m .  

Ev idence  o f   resuspens ion   and  t ranspor t   f rom  sed iment   core   p ro f i les .  

There i s   n o t h i n g   h a r d  and f a s t   a b o u t   t h e s e   i n d i c a t o r s .  By themselves, 
t h e y   a r e   n o t   j u s t i f i e d   f o r  a resuspens ion   t ranspor t   s tudy ;   however ,  i f  
b i o l o g i c a l   o r   c h e m i c a l   i n d i c a t o r s   a r e   p r e s e n t ,   i n   a d d i t i o n   t o   t h e   p h y s i c a l  
i n d i c a t o r s ,  a s t r o n g   i n d i c a t i o n   o f   a c u t e   r e s u s p e n s i o n   t r a n s p o r t   e f f e c t s   i s  
p r e s e n t .  

G e n e r a l l y ,   A r e a s   o f   C o n c e r n   a r e   e i t h e r   t r i b u t a r y   r e g i o n s ,   i . e .  a channel, 
d r a i n i n g   i n t o  a G r e a t   L a k e   o r   t h e   n e a r s h o r e   c o a s t a l   z o n e   o f f s h o r e   o f  a 
t r i b u t a r y   r e g i o n .  The s h e a r   s t r e s s   c a u s i n g   r e s u s p e n s i o n   i n   e a c h  zone i s  
a f f e c t e d   b y   d i f f e r e n t   o v e r l y i n g   c u r r e n t s .   I n   t r i b u t a r y   c h a n n e l   a r e a s ,  
c u r r e n t s   a r e   u n i d i r e c t i o n a l   ( e x c e p t   d u r i n g   b r i e f   s t o r m   s u r g e   f l o w   r e v e r s a l s )  
and  progress  towards  the  open  lake.  Wind- induced waves i n   t r i b u t a r i e s   a r e   n o t  
a n   i m p o r t a n t   a g e n t   i n   r e s u s p e n s i o n .   I n   t h e   n e a r s h o r e   z o n e ,   c u r r e n t s   r e s u l t  
f r o m   o v e r a l l   w i n d - d r i v e n   c i r c u l a t i o n   o f   t h e   l a k e  and t h e r e f o r e  may  come f rom 
many d i f f e r e n t   s e c t o r s .  Wind  waves  can become l a r g e  and a l s o   p a r t i c u l a r l y  
i m p o r t a n t   i n   c a u s i n g   r e s u s p e n s i o n .  

E s t i m a t i o n   o f   W a t e r  Column Loading 

M o d e l l i n g  methods a r e   a v a i l a b l e   f o r   r e s u s p e n s i o n  zones  which  permit  an 
e s t i m a t e   o f  a n e a r   b o t t o m   s h e a r   s t r e s s ,   g i v e n   s e v e r a l   e a s i l y   o b t a i n e d   p i e c e s  
o f   i n p u t   d a t a .   T h i s   i s   p a r t i c u l a r l y   t h e   c a s e   f o r   t h e   t r i b u t a r y   r e g i o n .  
T h e r e f o r e ,   t h e   e s t i m a t i o n   p r o c e d u r e   c o n c e p t  i s  a s   f o l l o w s :   a )   f l o w   e v e n t s  
w h i c h   a r e   c o n s i d e r e d   t o   b e   o f   s u f f i c i e n t   i n t e n s i t y   t o   c a u s e  a l o a d i n g   a r e  
i d e n t i f i e d ;   b )   t h e   s h e a r   s t r e s s   d i s t r i b u t i o n   o v e r   t h e   b o t t o m  may be  est imated 
u s i n g   t h e   a p p r o p r i a t e   n u m e r i c a l   m o d e l   f o r   e i t h e r  a t r i b u t a r y  zone (Bedford  
" e t  a l .  1983; Fread  1978) o r  a nearshore  zone (Grant  and Madsen 1 9 7 9 ) ;   c )   t h e  
amount o f   m a t e r i a l   p o s s i b l y   r e s u s p e n d e d   i n t o   t h e   A r e a   o f   C o n c e r n   t h e n   c a n  be 
e s t i m a t e d   u s i n g   t h e   m o d i f i e d   S h i e l d s   e n t r a i n m e n t   v e r s u s   c r i t i c a l   s h e a r  
diagrams  (Madsen  and  Grant  1977;  and  Lick  and Kang 1986); and,   d )   the  map o f  
b o t t o m   s e d i m e n t   t y p e   a n d   d e p o s i t i o n   l a y e r   t h i c k n e s s .  No v e r t i c a l   d i s t r i b u t i o n  
o f   s e d i m e n t s   w i t h i n   t h e   v o l u m e   i s   p r e d i c t e d   n o r   i s   a n y   e s t i m a t e   o f   d e p o s i t i o n  
o b t a i n e d .  It i s  assumed t h a t   d u r i n g   e v e n t s   a l l   t h e   m a t e r i a l   r e s u s p e n d a b l e   b y  
t h e   c r i t i c a l   s h e a r   s t r e s s   i s   p u t   i n t o   s u s p e n s i o n  and h e l d   t h e r e   b y   t h e   l o c a l  
t u r b u l e n c e   g e n e r a t e d   d u r i n g   t h e   e v e n t .  Hence t o t a l   s e d i m e n t  mass resuspended 
i n t o  t h e  Area o f  Concern i s  es t ima ted .  As t h e   p o l l u t a n t / c h e m i c a l  
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characteristics of the bottom  sediments  are  known,  the total pollutant  mass 
resuspended  into  the  volume  is  also  estimated. 

6.3.5 Sediment  Chemistry 

A large  number of analytical  techniques  are  available  for chemical 
quantification  of  sediments. To ensure  comparability in time and space,  the 
following  methods  are  recommended  for:  metals,  nutrients and organics,  as well 
as  determination of water  content. 

Meta 1 s 

In most  circumstances,  ten  metals  require  routine  analysis  for total metal 
concentration  in  Areas  of  Concern. If necessary  and  as  information  dictates, 
other  analyses may  be  required. 

Total  Metals  (Pb,  Ni,  Cu, Zn, Cd,  Cr,  Fe, Mn) 

Many  extraction  procedures  have been reported for analyzing  heavy  metals 
in  aquatic  sediments.  These  procedures  are  typically  aimed  either at 
determining  the metal content of a  particular  metal  fraction or sediment 
phase, or involve  digestion  with  hydrofluoric,  fuming nitric or perchloric 
acids  for total  metal  determination.  While  many  authors  agree  that  severe 
sulphuric/hydrofluoric/nitric acid or perchloric  acid  digestion  provide for 
total  metal solubilization,  factors  such  as  the  quantity of  organic matter or 
the  presence of various  anions  may  affect  the  degree of metal  recovery. In 
addition,  perchloric,  hydrofluoric and  fuming  nitric  acids  generally  require 
either special equipment  or  great  care  to  ensure  operator  safety. Several 
authors  have  shown  that  sufficiently long digestion by a 1:l mixture o f  
concentrated  hydrochloric  and  nitric  acids at  a high  temperature is comparable 
to digesiton  methods  using  hydrofluoric and perchloric  acids.  Consequently, 
an  extraction  procedure  using a mixture of hydrochloric  and  nitric  acids (1:l) 
is recommended.  This method  requires no special  safety or handling 
precautions and provides  a  technique  for processing a  large  number of samples. 

Exchangeable and Easily  Reducible  Metals 

Several extraction schemes exist for determining metals associated with 
different  sediment phases  such as  pore  water,  exchangeable,  organic, easily 
reducible,  moderately  reducible,  carbonate and residual.  These  techniques 
enable  assessment of  metal associations  with  different  sediment  components  and 
provide limited information on what portion of a  particular metal becomes 
available  (bioavailable,  water  soluble, etc.) under  different natural 
sedimentary  conditions  (changes in redox  potential,  release of carbon  dioxide 
from  decomposition of organic  matter, etc.). In addition,  the  information  can 
be used for predicting the potential  release of metals  when  sediments  are 
disturbed  (dredging,  wave and current  mixing, bioturbation). 

The  most useful information is provided by the  exchangeable and reducible 
metal  fractions in the  sediment.  A  few  researchers recommend  carrying out  the 
extraction  procedure  in  a  nitrogen  atmosphere to avoid the oxidation of iron 
and  manganese  hydroxides.  However, the selective  extraction  procedure 
recommended in this  document  is  carried  out  under laboratory  atmosphere 
because the interpretation  of  metal  availability  associated  with  individual 
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s e d i m e n t   c o n s t i t u e n t s   i s   s t i l l   u n d e r   i n v e s t i g a t i o n .  The  recommended method i s  
t h a t   o f   T e s s i e r   e t   a l .   ( 1 9 7 9 ) .  

T o t a l   M e r c u r y  

M e r c u r y   p o l l u t i o n   h a s   r e c e i v e d   c o n s i d e r a b l e   a t t e n t i o n   s i n c e   t h e   o c c u r r e n c e  
of me thy l   mercu ry   po i son ing   i n   M inamata  Bay,  Japan  and lake  sediments  have 
been  found t o  be   an   impor tan t   s ink   f o r   mercu ry .  The concen t ra t i on   o f   mercu ry  
i s   u s u a l l y   h i g h e r   i n   t h e   f i n e   g r a i n e d   s e d i m e n t s  o f  t h e   d e p o s i t i o n a l   a r e a s   t h a n  
i n   t h e   c o a r s e r   s e d i m e n t s   a t   t h e   n e a r s h o r e   z o n e .  The r e d u c t i o n - a e r a t i o n - c o l d  
v a p o r   a t o m i c   a b s o r p t i o n   s p e c t r o m e t r i c   t e c h n i q u e   i s  one o f   t h e   b e s t   m e t h o d s   f o r  
t h e   d e t e r m i n a t i o n   o f   m e r c u r y   i n   s e d i m e n t s .  The d iges t i on   p rocedure   mus t  be 
capab le  o f  e x t r a c t i n g   q u a n t i t a t i v e l y   a l l   f o r m s   o f   m e r c u r y   i n   s e d i m e n t s .  The 
h i g h   c o r r e l a t i o n   b e t w e e n   m e r c u r y   a n d   o r g a n i c   m a t t e r   i n   l a k e   s e d i m e n t s  
i n d i c a t e s   t h a t   t h e   t r e a t m e n t   m u s t   b e   c a p a b l e   o f   o x i d i z i n g   a l l   o r g a n i c   m a t t e r .  
A s i m p l e   e x t r a c t i o n   m e t h o d   i s  recommended as t h e   s t a n d a r d   p r o c e d u r e   f o r  
mercu ry   de te rm ina t ion .  The method was compared w i t h  a number o f   e x t r a c t i o n  
p r o c e d u r e s   a n d   n o   s i g n i f i c a n t   d i f f e r e n c e s   w e r e   f o u n d   i n   t h e   r e c o v e r y   o f  
mercury  i n  sediment  samples  from  the  Great  Lakes ( A .  Mudroch,  pers. comm.). 

T o t a l   A r s e n i c  

Recen t l y ,  a semi-automated  system f o r   d e t e r m i n i n g   a r s e n i c  and se len ium  by 
h y d r i d e   g e n e r a t i o n   h a s   b e e n   d e v e l o p e d   ( G o l d e n ,   e t   a l .   1 9 8 1 ) .  The method 
i d e n t i f i e s   a r s e n i c   i n   s e d i m e n t  and f i s h   t i s s u e   s a m p l e s .   A r s e n i c  i s  one o f   t h e  
parameters  i n   t h e   O n t a r i o   M i n i s t r y   o f   t h e   E n v i r o n m e n t   g u i d e l i n e s   f o r  open 
w a t e r   d i s p o s a l   o f   d r e d g e d   m a t e r i a l .  

N u t r i e n t s  

E u t r o p h i c a t i o n   i s   s t i l l  a m a j o r   p r o b l e m   i n  many Areas  of  Concern  and a 
r e a s o n   f o r   c l a s s i f y i n g  some l o c a l i t i e s  as  Areas  of  Concern. It i s  recommended 
tha t   phosphorus   be   ana lyzed i n  sediment  samples i n  two  forms. 

Tota l   Phosphorus 

Lake  sediments may i n f l u e n c e   t h e   p h o s p h o r u s - i n d u c e d   e u t r o p h i c a t i o n   o f  
l a k e s   b y   v i r t u e  o f  t h e i r   c a p a c i t y   t o   t a k e  up  and re lease  phosphorus  under  
c h a n g i n g   l i m n o l o g i c a l   c o n d i t i o n s .  The c o n c e n t r a t i o n   o f   p h o s p h o r u s   i s   h i g h e r  
i n   f i n e   g r a i n e d   s e d i m e n t s   i n   t h e   d e p o s i t i o n a l   b a s i n s   t h a n   i n   t h e   c o a r s e r  
nearshore  sediment .   However ,   h igh  concentrat ions may o c c u r   i n   s e d i m e n t s   f r o m  
h a r b o r s   o r  embayments w h i c h   r e c e i v e   i n p u t s   f r o m  sewage t r e a t m e n t   p l a n t s .  It 
was shown t h a t   p h o s p h o r u s   i n   t h e   s e d i m e n t   i s   c l o s e l y   a s s o c i a t e d   w i t h   i r o n .  
D e p l e t i o n   o f   o x y g e n   a t   t h e   s e d i m e n t - w a t e r   i n t e r f a c e   r e s u l t s   i n   s o l u b i l i z a t i o n  
o f  i r o n  and  assoc ia ted   phosphorus ,   inc reas ing   the   concent ra t ion   o f   phosphorus  
i n   t h e   w a t e r  co lumn.   Tota l   phosphorus  can  be  ext racted  f rom  the  sediment   by 
s o d i u m   c a r b o n a t e   f u s i o n   o r   b y   p e r c h l o r i c   a c i d   d i g e s t i o n .   P h o s p h o r u s   i n   t h e  
e x t r a c t s   i s   t h e n   d e t e r m i n e d   c o l o r i m e t r i c a l l y .   B o t h   e x t r a c t i o n   p r o c e d u r e s   g i v e  
c o m p a r a b l e   r e s u l t s .   S l i g h t l y   l e s s   r e c o v e r y  i s  somet imes  obtained  by  the 
p e r c h l o r i c   a c i d   d i g e s t i o n .  Because o f   t h e i r   c o m p a r a b i l i t y ,   b o t h  methods  are 
s u i t a b l e .  
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Bioava i lab le   Phosphorus  

A number o f   c h e m i c a l   f r a c t i o n a t i o n   t e c h n i q u e s  may be  used t o   e s t i m a t e  
p o t e n t i a l   b i o l o g i c a l l y   a v a i l a b l e   p h o s p h o r u s .  An e v a l u a t i o n   o f   t h e s e  
t e c h n i q u e s   b y   W i l l i a m s   e t   a l .   ( 1 9 8 0 )   i n d i c a t e d   t h a t  NaOH e x t r a c t a b l e  
phosphorus i s   c l o s e l y   i n d i c a t i v e   o f   t h e   p h o s p h o r u s   a v a i l a b l e   f o r   u p t a k e   b y  
p h y t o p l a n k t o n   u n d e r   l a b o r a t o r y   c o n t r o l l e d   b i o a s s a y s .  

Organ ics  

O r g a n i c   c o n t a m i n a n t s   f o r m   t h e   s e c o n d   m a j o r   c a t e g o r y   o f   t o x i c   m a t e r i a l s   i n  
t h e   G r e a t   L a k e s ,   p a r t i c u l a r l y   i n   t h e   A r e a s   o f   C o n c e r n .  The p r o t o c o l s  
deve loped   by   t he  U . S .  €PA a r e  recommended f o r   s e d i m e n t   a n a l y s i s   ( F e d e r a l  
R e g i s t e r ,   1 9 8 4 ) .  

It i s  recommended t h a t   t o t a l   o r g a n i c   c o n t e n t   b e   a n a l y z e d  as a genera l  
i n d i c a t o r .   O r g a n i c   m a t t e r  i n  t h e   s e d i m e n t   i s   d e r i v e d   f r o m   r e s i d u e s   o f  
m ic roorgan isms,   p lank ton ,   benth ic   o rgan isms,   macrophy tes   and  the   inpu t   o f  
o r g a n i c   m a t e r i a l   f r o m   t h e   d r a i n a g e   b a s i n .   F i n e   g r a i n e d   s e d i m e n t  i n  l a k e  
d e p o s i t i o n a l   b a s i n s   c o n t a i n s  a h i g h e r   c o n c e n t r a t i o n   o f   o r g a n i c   m a t t e r   t h a n   t h e  
c o a r s e r   m a t e r i a l   i n   t h e   n e a r s h o r e   a r e a .  However, h i g h   c o n c e n t r a t i o n s   o f  
o r g a n i c   m a t t e r  may occu r  i n   h a r b o r   s e d i m e n t s   a s  a r e s u l t   o f   p o i n t   s o u r c e s  
a r o u n d   t h e   h a r b o r   o r   d i f f u s e   s o u r c e s   s u c h   a s  a stream.  Organic  carbon i s  t h e  
m a j o r   c o n s t i t u e n t   ( a b o u t  60%) o f   sed imen t   o rgan ic   ma t te r .   O the r   ma jo r  
cons t i t uen ts   a re   o rgan ic   n i t rogen ,   hyd rogen ,   oxygen ,   phosphorus   and   su lphu r .  
Organ ic   ma t te r  i n  sediments  can be de termined  as   o rgan ic   carbon  by   var ious  
c o m b u s t i o n   o r   o x i d a t i o n   t e c h n i q u e s ,   b y   m e a s u r i n g   t h e  C02 e v o l v e d   o r   b y  
i g n i t i o n   a t  a moderate  temperature.  The d i s t i n c t i o n  between  organic  carbon 
a n d   o r g a n i c   m a t t e r   i s   b a s e d   o n   t h e   f a c t   t h a t   o n l y   c a r b o n   i s   m e a s u r e d   b y   t h e  
f o r m e r   m e t h o d   w h i l e   t o t a l   o r g a n i c   m a t t e r   w e i g h t   i s   r e p r e s e n t e d   b y   t h e   l a t t e r  
me thod .   The   de te rm ina t ion   o f   ca rbon   requ i res   e i t he r   spec ia l   equ ipmen t   o r  i s  a 
t ime  consuming  procedure.  The i g n i t i o n   p r o c e d u r e   i s   s i m p l e  and s u f f i c i e n t   f o r  
t h e   i n f o r m a t i o n  o n   o r g a n i c   m a t t e r   c o n t e n t   i n   t h e   s e d i m e n t .  However, s e r i o u s  
e r r o r s  may e n t e r   i n t o   t h e   d i f f e r e n t   w e i g h t - l o s s   m e t h o d s   f o r   m e a s u r i n g   t h e  
o r g a n i c   m a t t e r   w e i g h t   b e c a u s e   o t h e r   c o n s t i t u e n t s   s u c h   a s   s a l t s ,   i n c l u d i n g  
c a r b o n a t e s ,   c r y s t a l l i n i c   w a t e r   a n d   h y d r o x i d e   a l s o   i n f l u e n c e   t h e   w e i g h t  
change.   Consequent ly ,   the   de termina t ion  has t o  be c a r r i e d   o u t   a t  a c o n t r o l l e d  
moderate  temperature.  

D e t e r m i n a t i o n   o f   W a t e r   C o n t e n t   i n   S e d i m e n t  

F ine   g ra ined   su r face   sed imen t   con ta ins   up  t o  90% wa te r .  The w a t e r   c o n t e n t  
decreases   w i th   the   sed iment   depth .   Coarse   g ra ined  sed iments   con ta in   less  
w a t e r .   Q u a n t i t a t i v e   d e t e r m i n a t i o n   o f  some s e d i m e n t   c o n s t i t u e n t s   i s   c a r r i e d  
ou t   on   we t   sed imen t .   However ,   t he   concen t ra t i on   o f   t hese   cons t i t uen ts  i s  
exp ressed   pe r   g ram  o f   sed imen t   d ry   we igh t .   Consequen t l y ,  i t  i s  n e c e s s a r y   t o  
d e t e r m i n e   t h e   w a t e r   c o n t e n t .  The wa te r   con ten t   can   be   ob ta ined   du r ing   t he  
p r e p a r a t i o n   o f   t h e   s a m p l e   f o r   v a r i o u s   a n a l y s e s .  The sed imen t   wa te r   con ten t  
and a v i s u a l   d e s c r i p t i o n   o f   t h e   s e d i m e n t  o r  p a r t i c l e   s i z e   a n a l y s i s   a r e   u s e f u l  
i n f o r m a t i o n  on t h e   s e d i m e n t a t i o n / e r o s i o n   p r o c e s s e s   a t   t h e   s a m p l i n g   a r e a .  
F r e e z e   d r y i n g   o r   o v e n   d r y i n g   i s   u s e d   t o   d e t e r m i n e   t h e   w a t e r   c o n t e n t   i n  
sediment  and t o   p r e p a r e   s a m p l e s   f o r   f u r t h e r   a n a l y s i s .   F r e e z e   d r y i n g  
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r e q u i r e s   s p e c i a l   e q u i p m e n t ,   w h i l e   o v e n   d r y i n g  i s  an  easy  procedure,  and 
s i m i l a r   r e s u l t s   a r e   o b t a i n e d   u s i n g   b o t h   p r o c e d u r e s  (Adams et d. 1980) .  

6 . 3 . 6  S e d i m e n t   T o x i c i t y   a n d   B i o a v a i l a b i l i t y  

Approach 

C o n t a m i n a t e d   s e d i m e n t s   c o n c e r n s   u l t i m a t e l y   r e l a t e   t o   s e d i m e n t   t o x i c i t y   a n d  
b i o a v a i l a b i l i t y .   A v a i l a b l e   t e c h n i q u e s   w e r e   s e l e c t e d   w h i c h   p r o v i d e   t h e   i n i t i a l  
i n fo rma t ion   necessa ry   t o   assess   sed imen ts   i n   A reas   o f   Concern .  The t e s t s  
recommended  and d e s c r i b e d   b e l o w   p r i m a r i l y   a d d r e s s   t h e   t o x i c i t y   o f   s e d i m e n t s .  
B i o a v a i l a b i l i t y   s h o u l d  be  determined  f rom  body-burden  analys is  
( b i o a c c u m u l a t i o n  o f  t o x i c s )   i n   f i e l d   p o p u l a t i o n s   r a t h e r   t h a n   f r o m   o r g a n i s m s  
exposed t o   t o x i c   s u b s t a n c e s   i n   l a b o r a t o r y   e x p e r i m e n t s .  The B i o t a   S e c t i o n  
d e s c r i b e s   m e t h o d s   o f   a s s e s s i n g   b i o a v a i l a b i l i t y   o f   t o x i c s   f r o m   s e d i m e n t s .  The 
f o l l o w i n g  sequence i s  p r o p o s e d   f o r   a s s e s s i n g   b i o l o g i c a l   i m p a c t s   f r o m  
p o t e n t i a l l y   c o n t a m i n a t e d   s e d i m e n t s   i n   A r e a s   o f   C o n c e r n .  

Assessment o f  Community S t r u c t u r e   a n d   B i o a v a i l a b i l i t y  

The B i o t a   S e c t i o n   ( S e c t i o n  3.0) desc r ibes   t echn iques   f o r   assess ing  
c o m m u n i t y   s t r u c t u r e   r e q u i r e d   f o r   S t e p  1 i n   F i g u r e  6 t o   e s t i m a t e   t h e   i m p a c t s   o f  
sed iment   con taminants   on   the   b io ta .  I f  the  community i s  normal o r   n o t  
i m p a c t e d ,   t h e n   n o   f u r t h e r   l a b o r a t o r y   t e s t s   a r e   n e c e s s a r y .  However,  impacted 
c o m m u n i t y   s t r u c t u r e   i s   c a u s e   f o r   p r o c e e d i n g   t o   l a b o r a t o r y   t o x i c i t y   t e s t s  i f  
p h y s i c a l   o r   s e a s o n a l   f a c t o r s   h a v e   b e e n   e l i m i n a t e d   a s   b e i n g   r e s p o n s i b l e   f o r   t h e  
s t a t e  o f  the  communi ty .   Body  burdens  o f   ind igenous  spec ies  a lso  should  be 
examined . 

Acu te /Shor t - te rm  Tes ts  

I f  an  impacted  community i s  suggested  f rom  Step 1 o b s e r v a t i o n s   ( F i g u r e  6 ) ,  
an i n i t i a l   s u i t e   o f   s e d i m e n t   t o x i c i t y   t e s t s   i s  recommended, which  examines 
t h r e e   l e v e l s   o f   b i o l o g i c a l   c o m p l e x i t y ,  y& proka ryo te ,   euka ryo tes  and  an 
i n v e r t e b r a t e ,   a s   w e l l   a s   e s t i m a t i n g  mutagenicity/carcinogenicity. 
S p e c i f i c a l l y ,   t h e s e  recommended t e s t s   a r e :  

0 Mi crotox'" 
0 A l g a l   F r a c t i o n a t i o n   B i o a s s a y  (AFB) 
0 Cer i   odaphnia  B ioassay  and 
0 Ames/V.79. 

All acu te   t es ts   shou ld   be   conduc ted   on   po re   wa te r   because   t he   t ox i c i t y   o f  
pore   waters  i s   p r o p o r t i o n a l   t o   t h a t   o f   w h o l e   s e d i m e n t s .  

I f  pos i t i ve   resu l t s   a re   obse rved ,   t hen   remed ia l   ac t i ons   mus t   be   deve loped  
t o  e l i m i n a t e   t h e   o b s e r v e d   t o x i c i t y .  Such remed ia l   p lans  will r e q u i r e  
s u p p o r t i n g   a n a l y t i c a l   c h e m i c a l   d a t a   a n d   t h e   d e v e l o p m e n t   o f   o b j e c t i v e   l e v e l s  
f o r  minimum  impact. Use o f  a c h r o n i c   t e s t   t o   e s t a b l i s h   s u c h   o b j e c t i v e   l e v e l s  
i s   a l s o  recommended. A l a c k   o f   r e s p o n s e   i n   t h e   a c u t e   t e s t s  may i n d i c a t e   t h a t  
the   observed  impact   on   the   ind igenous  communi ty  i s  due t o  c h r o n i c   t o x i c i t y .  
I n   t h e   p r e s e n c e  o f  e l e v a t e d   v a l u e s   i n   t h e   s u p p o r t i n g   c h e m i c a l   d a t a ,   t h e  
recommended chron ic   tes t   shou ld   be   under taken,   even  though  acu te   responses  may 
b e   l a c k i n g .  
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Chronic  Tests 

The recommended  chronic test uses  Chironomus  tentans to describe  life 
history  impacts, e.g. growth,  reproductive  performance,  emergence and egg 
viability,  to  integrate  chronic  sublethal  effects  that  may  impact benthic 
populations. To provide  a  standard  assessment of bioavailability,  tissue 
analysis  should be  performed at the conclusion  of  the test. The recommended 
chronic test  is  conducted  on  whole sediment. 

The  following  sections  provide  supporting  detailed  information on 
recommended  methodologies. 

- Sediment  Pore  Water  Extraction 

Assessment of sediment  toxicity by bioassays on  pore  water  extracts is 
recommended for the  acute  tests  because  pore  waters  are in  equilibrium  with 
trace  contaminants  adsorbed  on to sediments and are the primary  exposure 
vector  for benthic organisms.  Since  the  water  solubility  of  many 
organo-xenobiotics is relatively low, the total  concentration o f  these 
compounds in sediments  may  not be well  correlated  with  either  acute or chronic 
toxicity to benthic  organisms.  The  pore  water  extract  procedure i s  less 
complex  than  the  whole-sediment  bioassay and thus  easier to conduct and less 
variable.  Also,  the  pore  water  bioassay  allows dilutions to be made so that 
the  relative  toxicity (LC,,) can  be  reported as a  percentage.  Dilution  of 
sediment  with  reference  sediment is difficult and may not adequately  represent 
the  actual  toxicity.  The  pore  water  bioassay is superior  to  analysis o f  the 
constituent  toxicants in predicting  toxicity  because it accounts for  the 
interactions of  all potential  toxicants. If necessary for sediment-specific 
reasons,  one  can  also  conduct  bioassays  with  whole  sediments using the 
appropriate C. tentans bioassay. 

Acute  Techniques 

Bacterial  Luminescence  Bioassay 

Microtox'" is a bacterial  luminescence  bioassay  developed by Beckman Inc. 
as a  rapid  screening  alternative  to standard acute toxicity  testing  with  fish 
and  invertebrates. T h i s  t e s t  i s  based on the bioluminescence o f  the  bacterium 
(Photobacterium  phosphoreum) ( N R R L  8-11177). This  assay  was developed  because 
there  are  evolutionary  conservative biochemical  pathways which  are  common to 
many  organisms.  Therefore,  bacteria  can be  used as  surrogate  test organisms. 
However, it must be  recognized  that  the  specific  mode  of  action of toxicants 
results  in dif 
reason we  now 

The  Microt 
approximately 
inhibition of 
property of bi 
the  cells and 

ferent  toxicities  when  different  organisms  are used. For  this 
advocate  the use of several  types o f  organisms. 

ox'" test is not a  complicated  procedure  and  requires 
30 minutes to complete.  The Microtox'" test is based on the 
bioluminescence o f  E. phosphoreum. In this  organism  the 
olurninescence is a  result of the total  metabolic  processes  of 
thus a  measure of the  viability of the population. This 

bioassay  has been extensively  studied  and  compared to-acute bioassays  with 
fish  and  daphnids for a  large  number  of  compounds  (Bulich  et al. 1981, Dezwort 
and  Sloof 1983, Lebsack et g J .  1981, Qureshi fl g J .  1982,  Strosher 1984). The 
test has also been used for complex  effluents  and  has  been  found to be 
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comparable  to standard acute fish and Daphnia  bioassays. lhe greatest 
discrepancy between Microtox'" and standard fish and daphnid  bioassays occurs 
for  compounds  which  are very toxic or extremely  non-toxic.  lhe  agreement is 
good for  moderately toxic compounds. In a combined data set of 56 different 
compounds,  the  greatest  deviation between Microtox'" and fish  bioassays was 
approximately a factor of 10, which is acceptable considering  literature 
values  for  acute  toxicity  tests  for  the  same  species and compound can vary by 
a factor of 10 and routinely vary by a  factor of two  to  five. In fact,  the 
reproducibility of bioassays using Microtox'"  is generally better  than that 
for  fish  bioassays, and similar  to  or  better than that of daphnid  bioassays. 

In addition, Microtox'" is important  as  an  independent  assay  for  the 
effects of toxic  mixtures  on  a prokaryotic organism and can be  used to  assess 
present and potential environmental effects on the microbiological decomposer 
population. 

A  number of other bacterial assays  are  available.  These include  plate 
tests,  which  measure microbial toxicity and substrate uptake tests, which 
measure lethality  and inhibition (Algistatic effects). In general,  these 
tests are less developed and there is a  smaller  data base on toxicity 
available;  however,  they  do  provide useful information. Microtox'" has been 
approved as a bioassay  for  the real-time assessment of toxicity by the U . S .  
€PA. It was chosen as the preferred  microbial assay because of its simplicity 
and because of the need to encourage standard techniques among  laboratories. 
Because  the  entire  procedure is a  "Turnkey"  operation,  standardization is 
facilitated. 

The proposed methodology  does  not  assess  the effects of in-place 
pollutants on the microbial community  which is present  at  a contaminated 
site. Rather,  the Microtox'" methodology gives a  measure of the relative 
toxic  activity of sediments.  To  assess  the  condition of the microbial 
community,  other  techniques should be employed. 

Algal Fractionation  Bioassay (AFB) 

Toxicological  research  on  the  lower trophic  levels such as  phytoplankton 
(particularly nannoplankton/ultraplankton) has been limited (Wong et al. 1978; 
Munawar 1982). This is rather  surprising  since nannoplankton/ultraplankton 
are  abundant in the  Great Lakes system and have been established  as 
responsible  for  a  significant portion of carbon  fixation  (Munawar  et al. 1974; 
Munawar and Munawar 1981). It has also been demonstrated that  the 
nannoplankton of the  Great  Lakes,  particularly  the ultraplankton and 
picoplankton,  are  sensitive to contaminants such as heavy metals  (Munawar and 
Munawar 1982). These  organisms  are  important  since  they  constitute  a main 
source of food for  the  zooplankton (Ross and Munawar 1981). Rhee (1982)  
recently presented a general overview of phytoplankton  related contaminant 
problems and Munawar (in press) provided a detailed account of state-of- 
the-art  techniques  for  the  bioassessment of contaminated sediments  with 
phytoplankton. 

A differential phytoplankton  size  fractionation procedure for carbon- 
uptake  studies  (Munawar  et al,,. 1978) has been applied in toxicological 
research to study  the  impact of heavy  metals individually and in combinat 
(Munawar and Munawar 1982). The procedure has been successful in 
demonstrating  the  differential  response of various size  fractions and in 
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p i n p o i n t i n g   t h e  component   under   s t ress.  The same procedure  was c a l l e d   " A l g a l  
F rac t i ona t ion   B ioassays   (AF8s ) "   and  has  been  adapted f o r  assessment  of 
s e d i m e n t - e l u t r i a t e   t o x i c i t y   t o   n a t u r a l   p h y t o p l a n k t o n  (Munawar 31. 1983; 
1984; Munawar and Thomas 1984) .  

The t r a d i t i o n a l   s e d i m e n t   b u l k   c h e m i c a l   c h a r a c t e r i z a t i o n  and the  sediment  
e l u t r i a t e   c h e m i c a l   c o m p o s i t i o n   p r o v i d e   b a s i c   q u a n t i t a t i v e   a n d   q u a l i t a t i v e  
chemica l   da ta .  Such d a t a   d o   n o t   p r o v i d e   t h e   n e e d e d   t o x i c i t y   i n f o r m a t i o n  
c o n c e r n i n g   t h e   b i o a v a i l a b i l i t y   o f   t h e   c o n t a m i n a n t s   t o   o r g a n i s m s ,  and how 
phys io logy   and   f ood   cha in   dynamics   a re   a f fec ted .   Sed imen t -bound   tox i c i t y  
d a t a ,   b a s e d   o n   b i o a v a i l a b i l i t y   i n s t e a d  o f  o n   c h e m i c a l   c h a r a c t e r i z a t i o n ,  i s  
n e c e s s a r y   f o r   t h e  management o f   w a t e r  a n d   s e d i m e n t   q u a l i t y   i n   t h e   G r e a t  
L a k e s .   T h e r e f o r e ,   t h e   t y p e   a n d   n a t u r e   o f   b i o a s s a y s  and t e s t  organisms  used 
m u s t   b e   c a r e f u l l y   c h o s e n   f r o m   t h e   v a r i e t y   o f   a s s a y s   a n d   b i o t a   p o t e n t i a l l y  
a v a i l a b l e .  AFBs were  chosen  s ince  they  use  an  indigenous  community 
r e p r e s e n t i n g   n a t u r a l   f i e l d   c o n d i t i o n s .  The a l t e r n a t i v e   t e s t   d e t e r m i n e s   t h e  
d i f f e r e n t i a l   r e s p o n s e   o f   t h e   v a r i o u s   s i z e   c o m p o n e n t s   a s  a f u n c t i o n   o f   t h e i r  
i n h e r e n t   p h y s i o l o g y   a s   p a r t   o f   t h e   t e s t   c o m m u n i t y .  An a l t e r n a t i v e   t e s t  
p o p u l a t i o n   i s  a l a b o r a t o r y - g r o w n   c u l t u r e   w h i c h  may n o t   r e f l e c t   c o n d i t i o n s   i n  
the   na tu ra l   ecosys tem.  The AFB i s  a s h o r t - t e r m   s c r e e n i n g   t e s t   t o   e v a l u a t e   t h e  
n e t   r e s u l t   o f   c o n t a m i n a n t   a n d   n u t r i e n t   l o a d i n g ,  The p r o c e d u r e   i s   r a p i d ,  
s e n s i t i v e   a n d   r e l a t i v e l y   i n e x p e n s i v e   f o r   s c r e e n i n g   p o t e n t i a l l y   t o x i c  
subs tances   and   cons t i t u tes   an   ea r l y   warn ing   t es t   sys tem.   A l so ,   a lga l  
b ioassessment   o f  Chelex-100'" t r e a t e d   s t a n d a r d   e l u t r i a t e   p r o v i d e s   d a t a   w h i c h  
c a n   d e t e r m i n e   t h e   t o x i c i t y   o f   t h e   d i s s o l v e d   m e t a l s .   H i g h   e l u t r i a t e  
c o n c e n t r a t i o n s   a d d e d   t o   t h e   t e s t   p o p u l a t i o n   c a n   c a u s e   i n c r e a s e d   t u r b i d i t y  
which  can  be a p rob lem  du r ing   i ncuba t ion .   Th i s   p rob lem  can  be  overcome  by 
u s i n g   l o w e r   c o n c e n t r a t i o n s   o r   c a r e f u l   m o n i t o r i n g   t h e   b i o a s s a y .  

Cer iodaphn ia   B ioassays  

I n v e r t e b r a t e   b i o a s s a y s   h e l p   t o   e v a l u a t e   t h e   n a t u r e   a n d   d e g r e e   o f   h a r m f u l  
e f f e c t s   p r o d u c e d   i n   a q u a t i c   o r g a n i s m s   b y   t o x i c a n t s ,   a n d   p r o v i d e   i n f o r m a t i o n  
r e q u i r e d   t o   p r o t e c t   a q u a t i c   s y s t e m s   a n d / o r   a s s e s s   t h e   p r e s e n c e  and s e v e r i t y  o f  
t o x i n s .   C l a d o c e r a n s   h a v e   b e e n   u s e d   e x t e n s i v e l y   f o r   a q u a t i c   t o x i c o l o g y   t e s t i n g  
b e c a u s e   t h e y   a r e   r e a d i l y   a v a i l a b l e ,   a d a p t a b l e   t o   l a b o r a t o r y   c o n d i t i o n s ,  
r e q u i r e   l i t t l e  s p a c e ,   a n d   a r e   s e n s i t i v e   t o  a w i d e   v a r i e t y  o f  chemical  
p o l l u t a n t s .  A l s o ,  t h e y  a r e  an i m p o r t a n t  l i n k  in a q u a t i c  food webs.  One 
d i s a d v a n t a g e   o f   t h e s e   o r g a n i s m s   f o r   b i o a s s a y s   i s   t h a t  many v a r i a t i o n s  e x i s t  i n  
s t u d y   d e s i g n ,   l e a v i n g  many procedura l   quest ions  unanswered.  

A l though  Daphnia  has  been  used  for  a l o n g e r  t i m e  than   Cer iodaphn ia ,   t he  
l a t t e r  has  been  chosen  because it i s   e a s i e r   t o   c u l t u r e  and  has b e t t e r  
p o p u l a t i o n   s t a b i l i t y   t h a n   D a p h n i a  magna (Mount  and  Norberg  1984). 
A d d i t i o n a l l y ,   u n l i k e  4. magna, i t  i s  a common a n d   w i d e l y   d i s t r i b u t e d   n a t i v e  
s p e c i e s   i n   N o r t h   A m e r i c a .  See S e c t i o n  2.0 f o r   d e t a i l e d  CeriodaphKini 
methodology.  

M u t a g e n i c i t y   T e s t s  

Shor t - te rm  tes ts ,   based  on t h e   p r i n c i p l e s   o f   g e n e t i c   t o x i c o l o g y ,   p r o v i d e  a 
r e l i a b l e   i n d i c a t i o n   o f   t h e   p o t e n t i a l   f o r  a subs tance   t o   cause   mu ta t i ons   and /o r  
cancer  i n  mammals. T h i s   i s  b a s e d   o n   t h e   a b i l i t y  of t h e s e   t e s t s  t o  p r e d i c t ,  
w i t h i n  a few  weeks, t h e  outcome of l ong- te rm  an ima l   b ioassays   wh ich  may t a k e  
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t h r e e   t o   f i v e   y e a r s   t o   c o m p l e t e   ( B r u s i c k   1 9 8 0 ) .   T h e r e   i s   g r o w i n g   e v i d e n c e  
t h a t   c a r c i n o g e n e s i s   i n v o l v e s   s e v e r a l   d i s t i n g u i s h a b l e   s t a g e s ,   i n c l u d i n g  
i n i t i a t i o n  and p r o m o t i o n .   I n i t i a t i o n  seems t o  b e   t h e   r e s u l t   o f  an 
i r r e v e r s i b l e   e v e n t   w h i c h   h a p p e n s   t o  a c e l l   a f t e r   i t s  exposure t o   p h y s i c a l ,  
c h e m i c a l   o r   v i r a l   a g e n t s   t h a t   a r e  known t o  damage o r  change t h e  DNA molecu le .  
P romot ion ,   on   t he   o the r   hand ,   depends   on   repea ted   t rea tmen t   o f   t he   i n i t i a ted  
c e l l   b y   p h y s i c a l   o r   c h e m i c a l   a g e n t s   t h a t   a r e  weak o r   non -ca rc inogen ic  
i n i t i a t o r s .   C o n s e q u e n t l y ,   t h e   f o l l o w i n g   t e s t s   f o r   m u t a g e n i c i t y   i n c l u d e  a 
component f o r   i n i t i a t i o n  (Ames/Salmonel& t e s t )  and f o r   p r o m o t i o n   ( M e t a b o l i c  
C o o p e r a t i o n   t e s t ) .  

Chron ic   Tes ts  

The macrobenthos o f  the   Great   Lakes  i s  dominated  by  two  taxonomic  groups, 
t h e  Amphipoda  and Ol igochaeta   (Rober tson  and  Scav ia   1984) .  Members o f   t h e s e  
taxa   a re   no t   cons ide red   as   b ioassay   o rgan isms   because   t he   rea r ing   o f   t hese  
organisms i s   d i f f i c u l t  and n o t   w e l l   e s t a b l i s h e d   ( S m i t h   1 9 7 2 ) .   A l s o ,  
o l i g o c h a e t e s   i n   t h e   G r e a t   L a k e s ,   w h i l e   s e n s i t i v e   t o   t r a c e   m e t a l s  (Chapman 
- e t  c. 1980) ,   have  genera l l y   been  thought  t o  b e   l e s s   s e n s i t i v e   t o  
c o n t a m i n a n t - i n d u c e d   m o r t a l i t y .   A c c o r d i n g l y ,  it was decided t o  use   t he  more 
es tab l i shed   Ch i ronomus   ten tans   b ioassay .  

The d ip te ran   midge,   Ch i ronomus  ten tans ,  i s  suggested  as a r e p r e s e n t a t i v e  
b e n t h i c   i n v e r t e b r a t e   f o r   u s e   i n   l a b o r a t o r y   t o x i c i t y   t e s t i n g  and 
b i o a c c u m u l a t i o n   s t u d i e s .   T h i s   s p e c i e s   i s   w i d e l y   d i s t r i b u t e d   t h r o u g h o u t   t h e  
Great  Lakes  basin  and  spends  almost a l l   o f   i t s   l i f e   c y c l e   i n  a t u n n e l   i n   t h e  
upper   f ew   cen t ime te rs   o f   sed imen t  (Adams e t   a l .   1 9 8 5 ) .  The ch i ronomids   a re  
i m p o r t a n t   i n   a q u a t i c   s y s t e m s   a c c o u n t i n g   f o r  a s i g n i f i c a n t   p o r t i o n  o f  t h e  
benth ic   b iomass  (Gerou ld  et c. 1983)   and  a re   impor tan t  i n   t h e   c y c l i n g  o f  
r e s i d u e s   i n  and   f rom  the   sed imen ts   (Gerou ld   e t   a l .   1983) .   Th i s   spec ies   can   be  
s a t i s f a c t o r i l y   r e a r e d   i n   t h e   l a b o r a t o r y  and  has  been  used  as a b ioassay  
organism  (8atac-Catalan  and  White  1982;  Wentsel  e t   a l .  1977;  Dorward  and 
Bar i sas   1984) .  C.  t e n t a n s   c o m p l e t e s   i t s   l i f e   c y c l e   i n   a p p r o x i m a t e l y  30 days 
a t  20°C a n d   r e p r o d u c e s   s e x u a l l y   i n   c a p t i v i t y .   M i d g e s   c a n   b e   r e a r e d   i n   t h e  
labora tory   fo l low ing   the   p rocedures   deve loped  by   Mosher   1982;   Mosher   and Adams 
1982;  and  Mosher et &I-. 1982. 

B i o a v a i l a b i l i t y  o f  Sediment  Contaminants 

B ioaccumula t ion   o f   con taminants   f rom  contaminated   sed iments   has   been 
i d e n t i f i e d  as a p rob lem i n  most  Areas o f  Concern,  e.g.  34 o f   t h e  42  Areas o f  
C o n c e r n   h a v e   e l e v a t e d   l e v e l s   o f   t o x i c   s u b s t a n c e s   i n   f i s h e s  and 39 o f   t h e  42 
Areas o f  Concern  have  sediments  contaminated  wi th   tox ic   substances.  It i s  
n e c e s s a r y ,   t h e r e f o r e ,   t o   a s s e s s   b i o a v a i l a b i l i t y   o f   t o x i c   s u b s t a n c e s   i n  
sediments t o   d e t e r m i n e   w h e t h e r   o r   n o t   s e d i m e n t s   a r e  a s o u r c e   o f   t o x i c  
substances t o   b i o t a .  

The s c i e n c e   o f   a s s e s s i n g   t h e   b i o a v a i l a b i l i t y   o f   t o x i c   s u b s t a n c e s   i n  
sediments i s  evo lv ing ;   however ,   there   i s   an   immedia te   need  to   assess   the  
b i o a v a i l a b i l i t y  o f  sed iment   con taminants .  As a resu l t ,   t he   recommenda t ions  
p resen ted   be low  rep resen t  a consensus   on   t he   bes t   me thods   cu r ren t l y   ava i l ab le .  
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A s  part of the initial  screening  process  (Figure 1, Section l . O ) ,  tissue 
analysis will have been conducted on the  indigenous  fauna.  Methods  are 
outlined in the Biota Section ( 3 . 0 ) .  If insufficient  indigenous,  invertebrate 
fauna  biomass is available  from  the  depositional  zone of the Area o f  Concern, 
it is recommended  that  the C.  tentans  chronic bioassay  be  performed in the 
laboratory  with  contaminated  sediments  from  the  Area  of  Concern. On 
completion of the  test,  tissue  analysis should be conducted to determine 
uptake  from  the  sediment. 
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7.1 INTRODUCTION 

Statistics  provide  methods  for  making  scientific  inferences  from 
observations and for developing  efficient  methods  for  designing  experiments 
and data  collection  programs.  The  general  aim is to make  inferences  about an 
Area o f  Concern  or  to  compare  the  existing  conditions of an Area of Concern 
with  a  standard  or  to  develop  a model for  describing  the  existing  variability 
and to predict  future  changes.  Whatever  the  aim of the  study,  the 
statistician  should be part of the  study  team in all phases of the  project, 
rather  than  included  for  advice in analyzing  the  data  only  after  the  study  has 
been  completed. 

In this  section,  some useful  statistical  concepts  are  briefly  presented. 
These  concepts are:  summary  statistics,  sources of variation,  some  common 
probability  distributions,  goodness of fit, difference  tests and significance, 
regression, and sample  size. 

7.2 SUMMARY  STATISTICS 

Suppose  that  the  data x, ,  x,, ..., x, have  been  collected which 
represent  measurements on sampling  stations  or  experimental  units and the 
information is to be summarized  using  one  or  two  statistics.  There  are 
several  classes of summary  statistics, each of which could  be used to 
represent  a  specific  aspect  of  the  data.  The  three  most  common  classes  are: 
1 )  summary  statistics  which  represent  the  location  or  the  center of the  data; 
2) summary  statistics  for  representing  the  dispersion of the  data; and 3)  
summary  statistics  for  representing  the lack  of symmetry in the  data. 

Summary  Statistics  for  the  Location: 

The  most  popular  statistics  for  this  are: 

1. The  data  mean X, calculated by the  following  equation: 

Although  this is the  most  widely used measure of location,  it is seriously 

influenced by wild  observations and hence  when  outliers  are  present, x can  be - 

a bad measure of location. 

2. The  median M is  found by ordering  the  data and selecting  the  middle 
observation.  This  estimate  is  least  affected by the  presence of 
outliers  and  hence  can  be  called  the  most  robust  measure of location. 

3 .  Trimmed  mean ln(r). This  is  calculated  as  the  mean of the n-2r 
central  observations, i.e. the  mean of the  data  after  eliminating  the 
smallest and the  largest  r  observations  from  the  data.  Trimmed  means . 
may be preferable to  the data  mean  or  the  median,  depending on  how 
the  statistic i s  to be used and the  distribution of the  data. 
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Summary  Statistics  for  the  Dispersion of the  Data: 

The  most  common  measure of dispersion is standard deviation.  This is 
,calculated by the formula: 

s = c (x - x12 
n -1 

Like  the  data  mean, it can be overly influenced by extreme values. The  robust 
measure of dispersion is the  interquantile  range which is  found by ordering 
the  data and taking  the  difference between the  observation  that is exceeded by 
25% of the  data and the  observation  that is exceeded by 75% of the data. 
Another  shortcut method  is the  data  range (the  largest observation - the 
smallest observation). 

Summary  Statistics  for  the  Skewness of the  Data: 

The  third central moment of the data 

p 3  = C(X - ~)3/n 

is  commonly used to  measure  the  skewness of the  distribution.  For a  symmetric 
data  set,  it is  expected that p ( 3 )  is close  to zero. It is common  to 
use y3 = p3/s3  as  the  coefficient of skewness.  This is preferred 
since y3 is free  from  the  unit of measurement and is zero  for symmetric 
distribution. 

For  other  measures of skewness,  see Kendall and Stuart (1958). 

Graphical methods  such  as  the  Box-plot,  the  histogram and probability 
plots  are used frequently  to  summarize data. In fact,  many investigators 
choose  to plot their  data  first  to look for  outliers before  calculating 
summary  statistics.  Accounts  of  the graphical methods  can be found in Wilk 
and Gnanedesikan (1977). 

7.3 SOURCES OF VARIATION 

The  sources o f  variation encountered in scientific investigations can  be 
classified  into  two  categories: 1) the explained variation; and 2 )  the 
unexplained or random variation. The explained  variation  can be attributed to 
known  causes;  for  example,  the  changes in the rate of phytoplanktonic 
photosynthesis  may  be related to changes in light and temperature.  The 
unexplained  or  random  variation  shows  no  reproducible pattern and cannot be 
assigned to a known  cause. An example of this variation is the  difference 
between  oxygen  concentration in duplicate  oxygen bottles  (Table 19), which 
probably  reflects  the  variability of the experimental  material. It is also 
convenient  to  classify  the  factors  causing  the variations  into those which can 
and those  which  cannot be controlled during the  course of the  study. One 
wishes,  as  far  as  possible,  to  prevent  the uncontrolled factors  from  altering, 
in a systematic  way,  the  apparent  effects of the controlled  factors. 
Randomization is the  statistical  technique  which can eliminate  the effects of 
systematic bias on  the  controlled  factors.  Hence, in any experiment,  the 
levels of the  controlled  factors should be assigned to experimental  units by 
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TABLE 19 

OXYGEN CONCENTRATION I N  TWO REPLICATED  LIGHT  BOTlLES 
AT DIFFERENT DEPTHS AND THE INDICATOR  VARIABLE I i  

DEPTH OXYGEN BOTTLES  INDICATOR  VARIABLE 
X i  Y i  Ii 

0 
0 . 5  
1 .o 
2 .o 
3 . 0  
4.0 
5 . 0  
6 .O 
7 .O 

10.0 
1 2 . 0  

8 . 4 1  
8 . 3 6  
8 . 4 3  
9 . 1 2  
9 . 2 6  
8 . 5 1  
8 . 3 1  
8 . 0 0  
7 . 1 2  
5 .82  
2 . 3 6  

8 . 3 1  
8 . 5 0  
8 . 4 8  
9 . 0 6  
9 . 1 6  
8 . 4 9  
8 . 3 9  
8 . 0 9  
7 . 1 9  
5 .71  
2 .47  

1 
0 
0 
1 
1 
1 
0 
0 
0 
1 
0 
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randomiza t i on .  The r a n d o m i z a t i o n  may be   ach ieved   by   co in   t oss ing ,   ca rd  
d r a w i n g   o r  a t a b l e   o f  random  numbers. A d i s c u s s i o n   o f   s t u d i e s   w i t h  and 
w i t h o u t   r a n d o m i z a t i o n   i s   g i v e n   b y   E s t e r b y  (1985) .  

The c h a r a c t e r i z a t i o n   o f   t h e   s o u r c e s   o f   v a r i a b i l i t y   a l l o w s  us, i n   t h e  
p l a n n i n g   s t a g e ,   t o   u s e   s t a t i s t i c a l   t e c h n i q u e s ,   e . g .   b l o c k i n g   o r   s t r a t i f i c a t i o n  
and t h e   c o l l e c t i o n   o f   o t h e r   v a r i a b l e s   f o r   c o v a r i a n c e   a n a l y s i s ,   w h i c h   i n c r e a s e  
p r e c i s i o n  and  remove  sources  o f   b ias  (see  be low).   S ince  each  area will have 
i t s  own c h a r a c t e r i s t i c s ,  it i s  n e c e s s a r y   t o   a p p r o a c h   t h e   p l a n n i n g   f o r   e a c h  
a r e a   w i t h   t h e s e   g e n e r a l   p r i n c i p l e s  i n  mind. 

Random e r r o r   c a n   b e   e s t i m a t e d   o n l y   f r o m   r e p l i c a t e d   m e a s u r e m e n t s ;   t h i s  
e s t i m a t e   i s   u s u a l l y   c a l l e d   t h e   s t a n d a r d   e r r o r   o f   t h e   e x p e r i m e n t .  The s m a l l e r  
t h e   v a l u e  o f  t h e   s t a n d a r d   e r r o r ,   t h e  more p r e c i s e   t h e   e x p e r i m e n t  will be.  The 
p r e c i s i o n   o f   t h e   e s t i m a t e  depends  on: 1)  t h e   c a r e   t a k e n   i n   p e r f o r m i n g   t h e  
exper imen t ;  2 )  t h e   v a r i a b i l i t y   o f   t h e   e x p e r i m e n t a l   m a t e r i a l ;  3)  t h e  number o f  
r e p l i c a t e s   u s e d ;  and 4 )  t h e   a c t u a l   d e s i g n   o f   t h e   e x p e r i m e n t .  

It i s   a l s o   i m p o r t a n t   t o   d i f f e r e n t i a t e   b e t w e e n   p r e c i s i o n  and  accuracy. 
A c c u r a c y   i n v o l v e s ,   i n  some way, t h e   d i f f e r e n c e   b e t w e e n   w h a t   i s   m e a s u r e d   o r  
observed  and  what i s   t r u e ;  w h e r e a s ,   p r e c i s i o n   i n v o l v e s   t h e   c o n c e p t   o f  
r e p r o d u c i b i l i t y   o f   w h a t   i s  measured o r  observed. It i s   i m p o r t a n t   t o  know t h a t  
a h i g h   p r e c i s i o n   o r   a g r e e m e n t   o f   r e s u l t s  among themselves i s  n o   i n d i c a t i o n  
t h a t   t h e   q u a n t i t y   u n d e r  measurement  has  actual ly  been  determined. The 
d i f f e r e n c e   b e t w e e n   w h a t   i s   o b s e r v e d   a n d   w h a t   i s   t r u e   i s  known  as b i a s .  

The s t a t i s t i c a l   e v a l u a t i o n   o f   t h e   s o u r c e s   o f   v a r i a b i l i t y   r e q u i r e s   t h e  
s p e c i f i c a t i o n   o f  a p robab i l i t y   mode l .   Th i s   mode l   con ta ins   pa ramete rs   wh ich  
c h a r a c t e r i z e   t h e   v a r i a b i l i t y  a n d   a r e   u s u a l l y  unknown. S t a t i s t i c a l  methods 
p r o v i d e  a means o f   es t ima t ing   t hese   pa ramete rs   and   o f   t es t i ng   t he   assumpt ions  
o f   t h e   m o d e l .  I n  t h e   n e x t   s e c t i o n ,  a number o f  common p r o b a b i l i t y  
d i s t r i b u t i o n s ,   w h i c h   h a v e   b e e n   u s e d   e x t e n s i v e l y   b y   b i o l o g i s t s ,   a r e   p r e s e n t e d .  

7.4 SOME COMMON PROBABILITY DISTRIBUTIONS 

Known mathemat i ca l   f r equency   d i s t r i bu t i ons   can   be   used   as   mode ls   f o r  
samples  from a p o p u l a t i o n .   T h r e e   d i s c r e t e   p r o b a b i l i t y   d i s t r i b u t i o n s   a r e   o f t e n  
s u i t a b l e   m o d e l s   f o r   t h e   r e l a t i o n s h i p   b e t w e e n   v a r i a n c e  and a r i t h m e t i c  mean o f  a 
p o p u l a t i o n :  

P o s i t i v e   b i n o m i a l  
P o i s s o n   d i s t r i b u t i o n  
Nega t i ve   b inomia l  

These p r o b a b i l i t y   d i s t r i b u t i o n s  and t h e   n o r m a l   d i s t r i b u t i o n ,   w h i c h   i s  
c o n t i n u o u s ,   a r e   b r i e f l y   d e s c r i b e d .  

P o s i t i v e   b i n o m i a l .   T h i s   i s   t h e   b a s i s   o f   b i n o m i a l   d i s t r i b u t i o n s  and i s  an 
approximate  model when t h e   v a r i a n c e   i s   s i g n i f i c a n t l y   l e s s   t h a n   t h e  mean. 

The p o s i t i v e   b i n o m i a l   d i s t r i b u t i o n   i s   u s e d  as a model u s u a l l y  when each 
i n d i v i d u a l  i n  a sample  can  be  recognized  as: 1)  h a v i n g   o r   n o t   h a v i n g  an 
a t t r i b u t e ;  2 )  b e i n g   p r e s e n t   o r   a b s e n t ;  3)  b e i n g   s u c c e s s f u l   o r   f a i l i n g   ( a  
t e s t ) .  A f u l l   d e s c r i p t i o n   o f   t h e   a p p l i c a t i o n   o f   t h e   p o s i t i v e   b i n o m i a l  i s  
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g i v e n   i n   m o s t   s t a t i s t i c a l   t e x t b o o k s   ( S n e d e c o r  and Cochran 1967) .  I f  t h e  
p o s i t i v e   b i n o m i a l   i s   u s e d   a s   a n   a p p r o x i m a t e   m o d e l   f o r   s a m p l e s ,   t h e   f o l l o w i n g  
d e f i n i t i o n s   a r e   a p p r o p r i a t e   ( E l l i o t t   1 9 7 7 ) :  

k i s   t h e  maximum p o s s i b l e   v a l u e   f o r  a s a m p l i n g   u n i t  
p i s   t h e   p r o b a b i l i t y   o f  any  one of t h e   p o s s i b l e   u n i t s   i n   t h e   s a m p l i n g  

q i s   t h e   p r o b a b i l i t y  o f  non-occupancy  of a v a l u e   ( q = l - p )  
u n i t   b e i n g   o c c u p i e d   b y  a va lue  

The expec ted   p robab i  1 i t i e s   a r e   g i v e n   b y   t h e   e x p a n s i o n   o f   ( q + p ) k  and  can 
b e   o b t a i n e d   f r o m   t a b l e s   ( T a b l e  37 i n  Pearson   and   Har t l ey   1976) .   I n   genera l ,  
t h i s   i s  a n   i n a p p r o p r i a t e   m o d e l   f o r   e n v i r o n m e n t a l   d a t a   b e c a u s e   t h e   v a r i a n c e   i s  
r a r e l y   l e s s   t h a n   t h e  mean. 

P o i s s o n   d i s t r i b u t i o n .   T h i s   i s  a s u i t a b l e  model when t h e   v a r i a n c e   i s  
a p p r o x i m a t e l y   e q u a l   t o   t h e  mean.  The P o i s s o n   s e r i e s   i s   a s s o c i a t e d   w i t h   e v e n t s  
which  occur   randomly i n  a con t inuum  o f   space   o r  t i m e .  T h e r e f o r e ,   t e s t s  f o r  
agreement   w i th  a P o i s s o n   s e r i e s   a r e   u s e d   a s   t e s t s   f o r  randomness o f  
d i s t r i b u t i o n .  The use  o f   the   Po isson  as  a m a t h e m a t i c a l   m o d e l   f o r   t h e  
d i s t r i b u t i o n   o f   d a t a   i n v o l v e s   t h e   f o l l o w i n g   c o n d i t i o n s :  

1 )  The p r o b a b i l i t y   o f   a n y   g i v e n   p o i n t   i n   t h e   s a m p l i n g   r a n g e   o c c u p i e d   b y  
a p a r t i c u l a r   v a l u e   i s   c o n s t a n t  and s m a l l ;   c o n s e q u e n t l y ,   t h e r e   i s  a 
h i g h   p r o b a b i l i t y   o f   a n y   p o i n t   i n   t h e   r a n g e   n o t   b e i n g   o c c u p i e d .  

2 )  The va lue   pe r   samp l ing   un i t   mus t   be   we l l   be low  the  maximum p o s s i b l e  
number t h a t   c o u l d   o c c u r   i n   t h e   s a m p l i n g   u n i t .  

3 )  The o c c u r r e n c e   o f  a v a l u e   a t  a g i v e n   p o i n t   m u s t   n o t   i n c r e a s e   o r  
d e c r e a s e   t h e   p r o b a b i l i t y   o f   a n o t h e r   v a l u e   o c c u r r i n g .  

4 )  The s a m p l e s   m u s t   b e   s m a l l   r e l a t i v e   t o   t h e   p o p u l a t i o n .  

The p r o b a b i l i t y   d i s t r i b u t i o n   i s   g i v e n   b y  

p ( k )  = e-x xk 
k !  

f o r  k = 0,1,2, . . .  
x can  be  any p o s i t i v e  number. An a d v a n t a g e   o f   t h e   P o i s s o n   d i s t r i b u t i o n   i s  
t h a t   t h e  mean and v a r i a n c e   a r e   b o t h   e q u a l   t o  x. 

N e g a t i v e   b i n o m i a l .  I f  t h e  first and t h i r d   c o n d i t i o n s   f o r   u s i n g   t h e  
P o i s s o n   s e r i e s   a r e   n o t  m e t ,  t h e n   t h e   v a r i a n c e   o f   t h e   p o p u l a t i o n   i s   u s u a l l y  
g r e a t e r   t h a n   t h e   a r i t h m e t i c  mean and t h e   p o p u l a t i o n   i s   c l u m p e d .   I n   t h i s   c a s e  
t h e   n e g a t i v e   b i n o m i a l   d i s t r i b u t i o n   i s   o f t e n  a s u i t a b l e   m o d e l .   T h i s  
d i s t r i b u t i o n  i s  t h e   m a t h e m a t i c a l   c o u n t e r p a r t   o f   t h e   p o s i t i v e   b i n o m i a l   a n d   t h e  
p r o b a b i l i t y   s e r i e s  i s  g i v e n   b y   ( q - p ) - k .   U n l i k e   t h e   p o s i t i v e   b i n o m i a l ,   w h e r e  
k i s  t h e  maximum p o s s i b l e   v a l u e   o r  number o f   i n d i v i d u a l s ,  a s a m p l i n g   u n i t  
c o u l d   c o n t a i n   i n   t h e   n e g a t i v e   b i n o m i a l   t h e   r e c i p r o c a l  o f  the   exponent  k ( l / k ) ,  
wh ich  i s  a measure o f   t h e   e x c e s s   v a r i a n c e   o r   c l u m p i n g   o f   t h e   i n d i v i d u a l s   i n  a 
p o p u l a t i o n .  As l / k  approaches 0 (and k approaches i n f i n i t y ) ,   t h e   d i s t r i b u t i o n  
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converges  to  the  Poisson  series.  Conversely,  as l/k approaches  infinity  the 
distribution  converges to  the logarithmic  series. 

Normal  distribution 
occurring (p=q=O.5) and 
( q+p)k approaches a bel 

. If an  event  has  an equal chance of occurring  or  not 

1 shaped curve. 
k  approaches  infinity,  the  probability  series  given by 

This is the normal distribution  associated  with  continuous  variables  (the 
normal  distribution  is  rarely  suitable  for  non-continuous  variables,  i.e. 
counts  without correction). This  is  important  because  many  statistical 
methods  are  associated  with  a normal distribution, e.g. t-tests,  ANOVA, 
correlation  coefficient, and the  use of these  methods  requires  that: 

1) the  data  must  follow  a normal  distribution, 
2 )  the  variance  must be  independent of the  mean, and 
3 )  the  components of variance  should be additive. 

The  positive  binomial  is  approximately  normal if n is large (>30). Both 
the Poisson  series  and  the  negative binomial  can be approximately normal (when 
x and k  increase in size). However, in all three  distributions,  mean and 
variance  can  increase  together  (Taylor's  Power Law) and,  therefore,  the second 
condition of independence of variance and mean is rarely  met.  This  difficulty 
is overcome by transforming  data. 

Using an appropriate  transformation  often  results in approximate 
normality, and thus,  standard  formulae  are  available  for finding the  number of 
samples  required  to  estimate  a  quantity  with a specified  precision  or  to 
detect  a  difference of a  specified  size.  Calculations  for  more  complicated 
situations  such  as  regression  are  also  possible  (Cochran 1983) .  

Some  situations will  not be amenable  to  such  treatment, e.g.  there  are 
levels  below  detection  limits  for  some  samples, and non-parametric  methods may 
be used.  The  choice of the  method will  then allow  calculation o f  the  minimum 
number  of  samples  required  to  obtain  significance  at  a  certain  level, e.g. 
such a calculation  was  done  for  the  sign  test in El-Shaarawi and Esterby 
(1985). For further  discussion, see section 7.7 on sample  size. 

7.5 GOODNESS O F  FIT 

In the  previous  section,  several  probability  models  were  presented. 
Clearly,  the  conclusions  obtained  from  a  data  set by performing  the 
statistical  analysis  on  the  basis of a particular model are  dependent on the 
chosen  model.  When an  incorrect  model is chosen,  it is more  likely that  the 
results  obtained  are  not  correct;  hence,  it is  appropriate to examine  the 
suitability of the  chosen model to represent  the  data. In this  section,  two 
methods  for  testing  the  goodness o f  fit of a  particular  model  are  given.  One 
method  is  analytical,  the  other is  graphical. 

Chi-square  goodness of fit  test 

Suppose  that  we  have  n  observations  from  a  continuous  random  variable x, 
and that  it is  required  to  test if the  observations  can be represented by the 
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p r o b a b i l i t y   d i s t r i b u t i o n   g ( x ) .  The f i r s t   s t e p   i s   t o   d i v i d e   t h e   r a n g e   o f  x 
i n t o  k d i s j o i n t - i n t e r v a l s ,  

The jm i n t e r v a l  (6j-l, 6 j )   i n c l u d e s   a l l   t h e   v a l u e s   o f  x i n   t h e  
i n t e r v a l  dj-, 5 x < 6 j .  The  number o f   o b s e r v a t i o n s ,  f j ,  f a l l i n g   i n  
i n t e r v a l  j ( j  = 1,2,.,,k) i s   t h e n   d e t e r m i n e d ,   a n d  

fl + f 2  

A c c o r d i n g   t o   t h e  assumed 
t h e  jm i n t e r v a l  (6j- l ,  6 j )  

+ .. 
mod e 

i s  
1 

+ f k  = n .  

g ( x ) ,   t h e   p r o b a b i l i t y   t h a t  x f a l l s   w i t h i n  

P j  = P r o b a b i l i t y   ( 6 j q 1  5 X < 6 j )  
= P r o b a b i l i t y  ( x  < 6 . )  - P r o b a b i l i t y  ( x  5 6 .  ) 

= G(6.) - G ( 6 .  ) ,  j = 1,  2 ,  .., k .  
J J - 1  

J J -1 

G ( 6 . )  i s  known  as t h e   c u m u l a t i v e   d i s t r i b u t i o n   f u n c t i o n   o f  x and  can  be 
c a l c u l a  $ ed by  summation i f  x i s   d i s c r e t e ,   b y   i n t e g r a t i o n  i f  x i s  con t inuous ,  
a n d   s o m e t i m e s   f r o m   s t a t i s t i c a l   t a b l e s   a s   i n   t h e   c a s e   o f   t h e   n o r m a l  
d i s t r i b u t i o n .  The expec ted   f requency ,  i f  t h e  model i s   c o r r e c t ,   i s  

e j  = n P j  

and the   ch i -square   goodness   o f  f i t  i s  

k 

D = Z ( f . - e . )  
2 

J J  
j =1 

e 
j 

k 
= E observed  f requency  - expected   f requency  
j =1 expec ted   f requency  

The v a l u e   o f  D has   app rox ima te l y  a c h i - s q u a r e   d i s t r i b u t i o n   w i t h  ( k - 1 )  
degrees   o f   f reedom;   hence,   the   va lue   o f  D can  be  compared w i t h   t h e   v a l u e s  o f  
c h i - s q u a r e   t o   t e s t   g o o d n e s s   o f  f i t .  I f  g ( x )   c o n t a i n s  unknown parameters,   then 
t h e   v a l u e s   o f   t h o s e   p a r a m e t e r s   a r e   e s t i m a t e d   f r o m   t h e   d a t a ,  and t h e   v a l u e  o f  D 
i s   c a l c u l a t e d   a s   a b o v e .  The  number o f   d e g r e e s   o f   f r e e d o m   i n   t h i s   c a s e  i s  k-1 
- ( t h e  number o f   pa ramete rs   es t ima ted ) .  I f  some o f  the   expec ted   f requenc ies  
e .   a r e   l e s s   t h a n   f i v e ,  it i s   u s u a l l y   a d v i s a b l e   t o   p o o l   t h e   s m a l l e r   g r o u p s  so 
t t a t   e v e r y   g r o u p   c o n t a i n s   a t   l e a s t   f i v e   e x p e c t e d   o b s e r v a t i o n s   b e f o r e   t h e   t e s t  
i s   a p p l i e d .  

Graphical   Methods 

G r a p h i c a l   t e c h n i q u e s   p r o v i d e   u s e f u l   a n d   i n f o r m a l   p r o c e d u r e s   f o r   e x a m i n i n g  
t h e   s u i t a b i l i t y   o f  a p r o b a b i l i t y  model t o   d e s c r i b e  a d a t a   s e t   a n d   f o r  
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s u g g e s t i n g   a p p r o p r i a t e   m e t h o d s   f o r   t h e   a n a l y s i s   o f   d a t a .  The most common 
p l o t t i n g   t e c h n i q u e s   f o r   e x a m i n i n g   m o d e l s   a r e  known  as p r o b a b i l i t y   p l o t t i n g  
methods. A f u l l   d e s c r i p t i o n   o f   t h e s e   m e t h o d s  and o f   t h e i r  use  can  be  found i n  
Wi lk  and  Gnanadesikan  (1968).  The a u t h o r s   o f   t h i s   p a p e r   r e v i e w  a v a r i e t y   o f  
s t a t i s t i c a l   p l o t t i n g   t e c h n i q u e s   b a s e d   o n   t h e   c u m u l a t i v e   d i s t r i b u t i o n   f u n c t i o n  
and i t s   r a m i f i c a t i o n s .  I n  p a r t i c u l a r ,   t h e y   d i s c u s s  i n  d e t a i l   t h e   q u a n t i l e  
p r o b a b i l i t y  (9-Q p l o t s ) ,   p e r c e n t a g e   p r o b a b i l i t y   p l o t s  ( P - P  p l o t s )  and 
e x t e n s i o n s   o f   t h e s e .   P l o t t i n g   t e c h n i q u e s   a s s o c i a t e d   w i t h   r e g r e s s i o n   a n a l y s i s  
can  be  found i n  Draper  and  Smith  (1966;  Chapter 3 ) ,  and  Daniel  et d. (1971) .  
M u l t i v a r i a t e   d a t a   c a n   b e   p l o t t e d   u s i n g   t h e   m e t h o d s   g i v e n   b y  Andrews  (1972)  and 
Gnanadesikan  (1977). 

7.6 DIFFERENCE  TESTS AND SIGNIFICANCE 

The s i m p l e s t   f o r m   o f   p a r a m e t r i c   d i f f e r e n c e   t e s t   i s   t h e   t - t e s t ,   b a s e d   o n  
t h e   S t u d e n t ' s   t - d i s t r i b u t i o n .  I f  it i s   d e s i r e d   t o   t e s t   w h e t h e r  a sample mean 
i s  d i f f e r e n t   f r o m  a g i v e n   s t a n d a r d ,   t h e n   t h e   t - s t a t i s t i c  i s  c a l c u l a t e d  i n  t h e  
fo l l ow ing   manner :  

where: x i s   t h e  sample mean 
1.1 i s   t h e   s t a n d a r d  
n i s   t h e  sample   s ize  

- 

and s i s  t h e   s a m p l e   s t a n d a r d   d e v i a t i o n .  

The t - v a l u e ,   t h u s   o b t a i n e d ,   i s   c o m p a r e d   t o   t h e   a p p r o p r i a t e   t - v a l u e   f r o m  a 
t a b l e   o f   t h e   S t u d e n t ' s   t - d i s t r i b u t i o n   ( a v a i l a b l e  i n  a n y   b a s i c   s t a t i s t i c s   t e x t )  
f o r   t h e   d e s i r e d   s i g n i f i c a n c e   l e v e l  and  degrees  o f   f reedom  (sample  s ize -1). 
I f  t h e   c a l c u l a t e d   t - v a l u e   e x c e e d s   t h e   t a b u l a t e d  one, t h e   d i f f e r e n c e   i s  
c o n s i d e r e d   s i g n i f i c a n t   a t   t h e   s t a t e d   l e v e l .  

The re   a re  many v a r i a t i o n s   o n   t h e   s i m p l e   t - t e s t   f o r   d i f f e r e n c e  
comparisons.  There i s   a l s o  a t e s t  for m u l t i p l e   d i f f e r e n c e s ,   c a l l e d   t h e  
a n a l y s i s   o f   v a r i a n c e  ( A N O V A ) .  These  methods may be  found i n  any  bas ic  
s t a t i s t i c s   t e x t .  

The t w o   m o s t   s e r i o u s   f a c t o r s   a f f e c t i n g   t h e   o u t c o m e   o f  a d i f f e r e n c e   t e s t ,  
e .g .   S tuden t ' s  t, i s  how w e l l   t h e   v a r i a b l e   i s  measured,   i .e .  i t s   v a r i a n c e   a n d  
how c o n f i d e n t   t h e   i n v e s t i g a t o r   w a n t s   t o   b e   t h a t   t h e   d e c i s i o n   i s   c o r r e c t ,   i . e .  
s i g n i f i c a n c e   l e v e l .  It i s   l i k e l y   t h a t  a v a r i a b l e   w o u l d   t e s t   t o   b e   n o t   u n l i k e  
a g i v e n   s t a n d a r d  i f  t h e   v a r i a b l e  was m e a s u r e d   p o o r l y   ( b u t   u n b i a s e d )   w i t h ,   f o r  
example, a c o e f f i c i e n t   o f   v a r i a t i o n   ( = s t a n d a r d   d e v i a t i o n   d i v i d e d   b y   t h e  mean) 
o f  200%. A l s o   l i k e l y   i s   t h a t  a t e s t   w o u l d   g i v e   d i f f e r e n t   r e s u l t s  i f  one 
r e q u i r e d  95% con f idence  i n  t h e   d e c i s i o n  compared t o  50%. 

S i q n i f i c a n c e   L e v e l s  

The d e c i s i o n   o f   w h a t   s i g n i f  
s h o u l d   n o t   b e   p r e d e t e r m i n e d   f o r  

i c a n c e   l e v e l   s h o u l d   b e   r e q u  
a l l   p r o p e r t i e s .   S e l e c t i o n  

i r e d   c a n n o t  and 
o f  95% o r  90% 
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l e v e l s   o f   s i g n i f i c a n c e   f o r   r e a s o n s   o f   t r a d i t i o n   a r e   a r b i t r a r y  and o f t e n  
i n a p p r o p r i a t e .   W i t h o u t   g e t t i n g   d e e p l y   i n t o  a d e s c r i p t i o n   o f   t e c h n i c a l  
aspec ts ,  i t  i s   i m p o r t a n t   t o   b r i n g   i n   t h e   n o t i o n   o f   r i s k  assessment or 
a t t e n t i o n   t o   t h e   r i s k   a s s o c i a t e d   w i t h   m a k i n g   a n   i n c o r r e c t   d e c i s i o n .   T h i s   i d e a  
s h o u l d   d i c t a t e   t h e   a p p r o p r i a t e   l e v e l   o f   s i g n i f i c a n c e   f o r   t e s t i n g   d i f f e r e n c e s .  
When the   chance  o f   be ing   wrong i s  h igh ly   dangerous ,   e .g .  PCB l e v e l s   i n   f i s h ,  
one   shou ld   requ i re  a h i g h   l e v e l   o f   c o n f i d e n c e   i n   t h e   t e s t ,   e . g .  99%; when t h e  
danger i s  l o w ,   e . g .   t o t a l  P ,  l ower   con f i dence  may be  more  appropr iate,   e.g.  
85-90%. W h i l e   s u b j e c t i v e   a r g u m e n t s   l i k e   t h i s  one a r e   f a i r l y  easy t o  make, 
q u a n t i f i c a t i o n   o f   r e l a t i v e   r i s k s   i s   a n o t h e r   m a t t e r .  However, c e r t a i n   s t r i d e s  
have  been made r e c e n t l y   i n   t h i s   a r e a  and  one b e g i n s   t o   t h i n k   t h a t  bounds  are 
a v a i l a b l e   w i t h i n   w h i c h  some r isks  can  be  compared.  

The u s u a l   p r o c e d u r e   f o r   t e s t s   o f   d i f f e r e n c e s   i s   t o   c a l c u l a t e  a t e s t  
s t a t i s t i c  and  compare i t  t o   t a b u l a t e d   v a l u e s   f o r  a g i v e n   l e v e l   o f  
s i g n i f i c a n c e .  Even a f t e r   s e l e c t i n g   a n   a p p r o p r i a t e   l e v e l   o f   s i g n i f i c a n c e   f o r  
t h e   p r o b l e m   a t   h a n d ,   t h i s   p r o c e d u r e   c a n   l e a d   t o   s e e m i n g l y   a r b i t r a r y   d e c i s i o n s ,  
e s p e c i a l l y   f o r   e n v i r o n m e n t a l   d a t a .  It i s   b e t t e r  t o  s t a t e   t h e   a t t a i n e d   l e v e l  
o f  s i g n i f i c a n c e   f o r  a t e s t   r a t h e r   t h a n   t h e   " p a s s / f a i l "   a p p r o a c h   u s u a l l y   u s e d .  
For  example, i f  one  wishes t o   t e s t   w h e t h e r  a measured v a r i a b l e  i s  l e s s   t h a n  
some s t a n d a r d ,   t h e r e   i s   m o r e   i n f o r m a t i o n   i n   t h e   r e p o r t   t h a t  i t  i s   l e s s   t h a n  
t h e   s t a n d a r d   a t  a 94.5% l e v e l   o f   c o n f i d e n c e   t h a n   t h a t   t h e   d i f f e r e n c e   i s   n o t  
s i g n i f i c a n t   a t   t h e  95% l e v e l .  Does i t  make sense t o   e n f o r c e   o r   s u g g e s t   a n  
i m p o r t a n t  management d e c i s i o n  i f  t h e   l e v e l   o f   c o n f i d e n c e   i s  95% b u t   n o t  i f  t h e  
l e v e l   i s  94.5%? 

7 . 7  REGRESSION 

I n   t h e   p r e v i o u s   s e c t i o n s ,   m e t h o d s   w e r e   d e s c r i b e d   w h i c h   a r e   s u i t a b l e   f o r  
t h e   a n a l y s i s   o f   o b s e r v a t i o n s   o n  a s i n g l e   v a r i a b l e ,   o r  when repeated  
measurements  were made u n d e r   e s s e n t i a l l y   t h e  same c o n d i t i o n s .   I n   t h e  
s i t ua t i ons   where   t he   da ta   rep resen t   obse rva t i ons   o r   measuremen ts  on s e v e r a l  
v a r i a b l e s ,   t h e   o b j e c t i v e   i s   t o   e x a m i n e   t h e   a s s o c i a t i o n s   b e t w e e n   t h e s e  
v a r i a b l e s .  It i s  h i g h l y  recommended,  as a f i r s t  s t e p   i n   t h e   e x a m i n a t i o n   o f  
t h e   a s s o c i a t i o n   b e t w e e n   t w o   v a r i a b l e s  x and  y, t o   p r e p a r e  a s c a t t e r   d i a g r a m   b y  
p l o t t i n g   t h e   v a l u e s  o f  y a g a i n s t   t h e   c o r r e s p o n d i n g   v a l u e s   o f  x .  Th i s   d iag ram 
will s u g g e s t   t h e   f o r m   o f   t h e   d i s t r i b u t i o n   o f   e a c h   v a r i a b l e   a n d  will show t h e  
p a t t e r n  o f  assoc ia t ion   be tween t h e  t w o  v a r i a b l e s .  F u r t h e r   s t a t i s t i c a l  
a n a l y s e s   i s   c o n c e r n e d   w i t h   e s t i m a t i n g   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   t w o  
v a r i a b l e s   a n d   p r e d i c t i n g   t h e   v a l u e   o f  one v a r i a b l e  when t h e   v a l u e   o f   t h e   o t h e r  
v a r i a b l e   i s  known.  The  methods o f   r e g r e s s i o n   a n a l y s i s   a r e   t h e   s t a t i s t i c a l  
t o o l s   t h a t   a r e   u s u a l l y   a p p l i e d  when e s t i m a t i n g   t h e   r e l a t i o n s h i p   b e t w e e n  
v a r i a b l e s .  

It i s   i m p o r t a n t   t o   d i s t i n g u i s h  be tween  assoc ia t ion   and  causat ion .  A 
v a r i a b l e   i s   a s s o c i a t e d   w i t h   a n o t h e r   v a r i a b l e  i f  changes i n  one v a r i a b l e   c a n  be 
p r e d i c t e d   f r o m   t h e   c h a n g e s   i n   t h e   o t h e r   v a r i a b l e ;   o n   t h e   o t h e r   h a n d ,   c a u s a t i o n  
i n d i c a t e s   t h a t   t h e   v a r i a t i o n   i n  one v a r i a b l e  has t o  be   p receded   by   va r ia t i on  
i n   t h e   o t h e r .   A l s o ,  it i s   i m p o r t a n t   t o   d i s t i n g u i s h  b e t w e e n   s i t u a t i o n s   i n  
w h i c h   b o t h   v a r i a b l e s   a r e  random,   such  as   measur ing   the   leng th   and  we igh t   o f  a 
random  sample o f   f i s h   f r o m  a f i s h   t a n k ,  and s i t u a t i o n s   i n   w h i c h   t h e   v a l u e   o f  
one v a r i a b l e   i s   d e l i b e r a t e l y   s e l e c t e d   b y   t h e   i n v e s t i g a t o r .  
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Simple  Linear  Regression 

Assume  that  the values (xl, yl), .., (x,,, Yn)  of the  two 
random variables  x and y are  available  for each o f  n independent individuals. 
The assumption that x and y are  random variables  permits us to  define  two 
types of regression equations: a) the regression equation of y on x and b) 
the  regression  equation of x on y .  In the  case where x is  selected 
deliberately by the  investigator, it is possible  only to define  the regression 
of y on x. 

Suppose  that  the  regression  equation y on x  can be described by the  form 

f(Xi) = a + I3Xi 

Here  the  linear  function f(x) represents  the mean o f  the random  variable  y 
when  the  variable x = Xi. It is then  described: 

yi = f(xi) f ei 
= a + OXi + ei, i = 1 ,  2, .., n 

where ei is a random variable with  zero mean and the  coefficients a and I3 
are unknown  constants.  From  this,  it is clear  that  the  role of e? is t o  
link the  regression  equation with the  observations. I f  the variance u2 of 

is constant and independent of Xi, the  regression model is called 
homoscedastic,  while  the  case  where u2 is not  constant is called 
heteroscedastic.  Further, it is assumed  that  the  distribution of ei is 
normal. 

Under  the  above  assumptions,  the  constants a and I3 can be estimated by 
the method of least  squares  with full efficiency. It is well known (Armitage, 
1971; p .  151) that  the least squares  estimates of a and I3 are given by 

n 
- 

B = 1 (Xi - x) (Yi - y) / c (Xi - x)2 
- - 

i =1 i =l  

and 

The  value of the  random  variable y is then estimated as 

y = 2 + B x  

and the residual associated  with  the  observation  at x = Xi (which is the 
difference between the  observation yi and its  estimated  value yi) is 
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Also,  it can  be shown t h a t   t h e   v a r i a n c e  u2 i s   e s t i m a t e d  by 

n 

s = I: (yi - yi) /n-2 
2 2 

i =1 

Severa l   ques t ions   need t o  be  answered when r e g r e s s i o n   a n a l y s i s  i s  
p e r f o r m e d .   F i r s t ,   c h e c k   w h e t h e r   t h e   t r u e   v a l u e   o f   t h e   s l o p e  I3 i s  zero .  
T e s t i n g   t h i s   a s s u m p t i o n   i s   e q u i v a l e n t   t o   t e s t i n g  i f  t h e   t w o   v a r i a b l e s  x and y 
a r e   n o t   l i n e a r l y   c o r r e l a t e d .   T h i s   c a n   b e   d o n e   b y   c a l c u l a t i n g   t h e   s t a n d a r d  
e r r o r   o f  0 

n - 
s ( B )  = s /  I: (X i  - x ) 2  

i =1 

and   the   co r respond ing  t i s   e s t i m a t e d   b y  

The v a l u e   o f  t can  be  compared w i t h   t h e   t a i l   v a l u e   o f   t h e   t - d i s t r i b u t i o n  
w i t h   ( n - 2 )   d e g r e e s   o f   f r e e d o m   a n d   a t   t h e   s i g n i f i c a n c e   l e v e l  Q ,  t nT2 ,  Q.  

I n  t h e  same manner, t h e  95 p e r c e n t   c o n f i d e n c e   i n t e r v a l   f o r  I3 i s   g i v e n   b y  

Model  Checking 

The  above a n a l y s i s   i s  based  on many assumpt ions,   and  hence,   the  resul ts  
o b t a i n e d   a r e   c o r r e c t  i f  the  assumptions  are  adequate.   These  assumptions  can 
b e   t e s t e d   b y   e x a m i n i n g   t h e   r e s i d u a l s  ri, ......, rn, which  can be  done 
g r a p h i c a l l y  and a n a l y t i c a l l y .  Methods f o r   t h e   e x a m i n a t i o n   o f   r e s i d u a l s   c a n  be 
found i n  t h e   f o l l o w i n g   r e f e r e n c e s :   D r a p e r   a n d   S m i t h   ( 1 9 6 6 ) ,   a n d   D a n i e l   e t   a l .  
(1971) .  

7.8 SAMPLE S I Z E  

As mentioned  above, it makes l i t t l e  sense t o  compare a p o o r l y  measured 
p r o p e r t y   a g a i n s t   s t a n d a r d s .  The t yp i ca l   a rgumen ts   on   accu racy  and p r e c i s i o n  
a r e   a p p l i c a b l e   h e r e   a s   w e l l .   M o r e   i m p o r t a n t ,  how many samples  need t o  be 
taken   o r   expe r imen ts   need   to   be   pe r fo rmed?  What i s   t h e   a p p r o p r i a t e  
c o e f f i c i e n t   o f   v a r i a t i o n   t o   r e q u i r e   ( e x p e c t ? )   f o r   s u c h   d a t a ?   O b v i o u s l y ,   t h e  
l a r g e r   t h e   v a r i a n c e   i n   t h e   s a m p l e ,   t h e   l a r g e r   t h e   d i f f e r e n c e s   m u s t  be f o r  
d e t e c t i o n .   T h u s ,   t h e  same a r g u m e n t   a p p l i e s   h e r e   a s   f o r   t h e   l e v e l  o f  
s i g n i f i c a n c e   a b o v e .   I m p o r t a n t   o r   p o t e n t i a l l y   d a n g e r o u s   d e c i s i o n s   m u s t   r e l y   o n  
firm d a t a  (< lo% c o e f f i c i e n t   o f   v a r i a t i o n   i s   s u g g e s t e d ) .  The n o t i o n   t h a t  more 
d a t a  will r e d u c e   t h e   v a r i a n c e   i s   o f t e n   t r u e   b u t  somet imes  misleading. I f  a 
r e a s o n a b l e   e s t i m a t e   o f   t h e   d i s t r i b u t i o n   a n d   v a r i a n c e   o f  a p o p u l a t i o n  i s  known, 
it i s   p o s s i b l e   t o   d e t e r m i n e   f r o m   f o r m u l a e   f o u n d   i n   m o s t   s t a t i s t i c a l   t e x t s ,  how 
many s a m p l e s   w o u l d   b e   r e q u i r e d   t o   a c h i e v e  a g i v e n   l e v e l   o f   c o n f i d e n c e .  
However, t h e   r e q u i r e m e n t   o f   s a m p l i n g   f r o m  a s t a t i c   p o p u l a t i o n   i s   s e l d o m  
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p o s s i b l e .  For   example,   increasing  the  sample  s ize  by  adding  data  from a 
seasonal ly   varying  property  could  increase  the  var iance i f  t he   da t a  were  not 
p r o p e r l y   s t r a t i f i e d .  Data c o l l e c t i o n  must a l s o   c l o s e l y  match t h e   s t a t e d  
o b j e c t i v e s  of t he   s t anda rds .  For  example, a s t anda rd   r equ i r ing   t ha t  
concent ra t ion  of a certain  chemical  never  exceed 10 mg/L f o r  an annual  average 
cannot be t e s t ed   adequa te ly  w i t h  even a mi l l ion   samples   a l l   t aken  w i t h i n  one 
month. 

Sample s i z e   c a l c u l a t i o n s   p r o v i d e  a guide i n  p lanning,  b u t  i f  t h e  
ca lcu la t ions   a re   per formed  wi thout   ident i fy ing   the   sources  o f  v a r i a t i o n ,   t h e  
es t imated   s izes  w i l l  be u n r e a l i s t i c  and of ten   too   l a rge ,   s ince   var iances   wi l l  
have  been ca l cu la t ed  from  inhomogeneous s e t s  of d a t a .  

When sampl ing   wa te r ,   t he re   a r e   t h ree   d imens ions   t o   t he   spa t i a l  
v a r i a b i l i t y ;   t h e   t e m p o r a l  components a re   s easona l ,   d iu rna l  and systematic  or 
sporadic   due   to   po in t   sources .  Given a s e t  of ob jec t ives ,   the   impor tance  o f  
each  component  can be a s ses sed .  Knowledge o f  the   f low wi l l  be needed t o  
determine how t o  sample i f  composite  samples  are used t o   e s t i m a t e   l o a d i n g  o f  
tox ic   subs tances   s ince   the   ind iv idua l   sample   s izes  making up  the  composite  can 
be made p ropor t iona l   t o   f l ow.  
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