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ENVIRONMENTAL PROTECTION AGENCY/ 
CORPS OF ENGINEERS 

TECHNICAL COMMITTEE ON CRITERIA FOR 
DREDGED AND Flll MATERIAL 

TRANSMITTAL OF 
"ECOLOGICAL EVALUATION OF PROPOSED DISCHARGE 

OF DREDGED MATERIAL INTO OCEAN WATERS" 
(Second P r i n t i n g )  

In  accordance w i th  Sec t ion  227.27(b) of t he  Federa l  R e g i s t e r ,  

Vol. 42, No. 7, Tuesday, 11 January  1977, ( r e f e r r ed  t o  h e r e a f t e r  i n  

t h i s  l e t t e r  a s  t he  Reg i s t e r ) ,  an implementation manual has  been developed 

j o i n t l y  by t h e  Environmental P r o t e c t i o n  Agency (EPA) and t h e  Corps of 

Engineers (CE). This manual' w i l l  be  used i n  t he  implementation of 

Sec t ion  103 of  Publ ic  Law 92-532, t h e  Marine P r o t e c t i o n ,  Research, and 

Sanc tua r i e s  Act of 1972. Procedures  a r e  presented f o r  eva lua t ion  of 

p o t e n t i a l  environmental impacts  of t h e  d i scharge  of dredged m a t e r i a l  

i n t o  ocean wa te r s ,  an eva lua t ion  t h a t  i s  requi red  i n  cons ider ing  permi t  

a p p l i c a t i o n s  f o r  t he  t r a n s p o r t a t i o n  of dredged m a t e r i a l  f o r  ocean dump- 

ing .  

2. The manual t r ansmi t t ed  herewi th  r ep re sen t s  a m u l t i d i s c i p l i n a r y  

e f f o r t  of bo th  agencies t o  develop p rocedura l ly  sound, r o u t i n e l y  imple- 

mentable guidance f o r  complying w i t h  t h e  t e c h n i c a l  requirements of t h e  

Regis te r .  The procedures g iven  i n  t h e  manual a r e  app l i cab l e  t o  evalua-  

t i o n  of t he  p o t e n t i a l  e c o l o g i c a l  e f f e c t s  of dumping from hopper d redges ,  

barges ,  and scows. The requi rements  of t h e  Reg i s t e r  a r e  d i s cus sed ,  and 

d e t a i l e d  guidance is  provided on sediment and water  sample c o l l e c t i o n ,  

p r epa ra t i on ,  and p re se rva t ion ;  chemical  a n a l y s i s  of t he  l i q u i d  phase;  

b ioassays  of l i q u i d ,  suspended p a r t i c u l a t e ,  and s o l i d  phases; estima- 

t i o n  of bioaccumulation p o t e n t i a l ;  and t h e  e s t ima t ion  of i n i t i a l  mixing. 

3. The manual i s  not  i n t ended  t o  e s t a b l i s h  s tandards  o r  r i g i d  

c r i t e r i a  and should no t  b e  i n t e r p r e t e d  i n  such a manner. The document 



at tempts  t o  provide a balance between t h e  t echn ica l  s ta te -of - the-ar t  

and rou t ine ly  implementable guidance f o r  using the procedures  s p e c i f i e d  

i n  t h e  Register  and is  intended t o  encourage con t inu i ty  and cooperat ion 

between CE D i s t r i c t s  and EPA Regions i n  eva lua t ive  programs f o r  Sec t ion  

103 permit a c t i v i t i e s .  The manual i s  p a r t i c u l a r l y  impor tan t  i n  forming 

a foundation t o  be  augmented by more meaningful and comprehensive evalua- 

t i o n  procedures and gu ide l ines  a s  these  evolve from c u r r e n t  and f u t u r e  

environmental research .  This second p r i n t i n g  of t h e  manual con ta ins  

some minor modi f ica t ions  t o  t h e  f i r s t  e d i t i o n  t h a t  was publ i shed  i n  

J u l y  1977. It i s  a n t i c i p a t e d  t h a t  the  second e d i t i o n  of t he  manual w i l l  

be published when new and more implementable eva lua t ion  procedures  a r e  

developed and v e r i f i e d .  

ROBERT M. ENGLER " 
Co-Chairman 
U. S. Army Corps of Engineers  

FRANK G. WILKES 
Co-Chairman 
U.  S. Environmental P r o t e c t i o n  Agency 



PREFACE 

According t o  Sec t i on  103  of Pub l i c  Law 92-532 (Marine P r o t e c t i o n ,  

Research, and Sanc tua r i e s  Act of 1972),  any proposed dumping of dredged 

m a t e r i a l  i n t o  ocean wa te r s  must b e  eva lua ted  through t h e  use  of c r i t e r i a  

publ ished by t h e  Environmental P r o t e c t i o n  Agency (EPA) i n  t h e  F e d e r a l  

Reg i s t e r ,  Vol. 42, No. 7 ,  Tuesday, 11 January 1977, and subsequent ly  

republ ished i n  T i t l e  40 of t h e  Code of Federa l  Regu la t i ons ,  P a r t s  220- 

228. These c r i t e r i a  s t a t e  t h a t  an  implementation manual d e s c r i b i n g  t h e  

a p p l i c a b i l i t y  of s p e c i f i c  e v a l u a t i v e  approaches and procedures  w i l l  be  

developed j o i n t l y  by EPA and t h e  Corps of Engineers (CE) . This  manual 

con t a in s  t hose  procedures  cons idered  app l i cab l e  t o  e v a l u a t i o n  of poten- 

t i a l  environmental  impacts  of t h e  ocean d i s p o s a l  of dredged m a t e r i a l ,  

and i t  w i l l  b e  p e r i o d i c a l l y  r e v i s e d  and updated a s  advances i n  t h e  tech-  

n i c a l  s ta te -of - the-a r t  w a r r a n t .  

By agreement of bo th  a g e n c i e s ,  t h i s  implementation manual was 

developed by t h e  EPA/CE Techn ica l  Committee on C r i t e r i a  f o r  Dredged and 

F i l l  Ma te r i a l ,  co-chaired by D r .  Frank G .  Wilkes of t h e  EPA and 

D r .  Robert M. Engler of t h e  CE. Due t o  t h e  emphasis on b ioa s say  i n  t h e  

Federa l  R e g i s t e r ,  much of t h e  developmental  i n p u t  t o  t h e  manual was from 

t h e  Bioassay/Bioevaluat ion Subcomrhittee, co-chaired by D r .  J ack  H.  

G e n t i l e  of t h e  EPA and D r .  Richard K.  Peddicord of t h e  CE. Many ind iv id -  

u a l s  w i th in  bo th  agenc ies  c o n t r i b u t e d  t o  t h e  manual, w i t h  major i n p u t  i n  

va r ious  a r e a s  from t h o s e  i d e n t i f i e d  as fo l lows:  

Compiler and Technica l  E d i t o r :  

D r .  Richard K.  Peddicord ,  Un ive r s i t y  of C a l i f o r n i a ,  Bodega 
Marine Labora tory ,  and Environmental E f f e c t s  Laboratory (EEL), 
Waterways Experiment S t a t i o n  (WES) , CE 

Edi t  o r  : 

M s .  Dorothy P. Booth,  EEL, WES, CE 

P a r t  I - I n t r o d u c t i o n  and P a r t  I1 - General  Approaches: 

D r .  Peddicord 

Appendix B - Dredged M a t e r i a l  Sample C o l l e c t i o n  and P repa ra t i on :  

M r .  James M. ' ~ r a n n o n  and D r .  Robert M.  Eng l e r ,  EEL, WES, CE 



Appendix C - Liquid Phase Chemical Analyses: 

M r .  Brannon and D r .  Engler 

Appendix D - Guidance f o r  Performing Liquid Phase and Suspended 
P a r t i c u l a t e  Phase Animal Bioassays: 

D r .  P e t e r  J .  Shuba and D r .  Henry E. Tatem, EEL, WES, CE 

Appendix E - Guidance f o r  Performing Liquid Phase and Suspended 
P a r t i c u l a t e  Phase Phytoplankton Bioassays:  

D r s .  Shuba and Tatem and D r .  Jack  H. G e n t i l e ,  EPA, 
Na r r aganse t t  Environmental Research Laboratory,  Nar raganse t t ,  
Rhode I s l a n d  

Appendix F - Guidance f o r  Performing S o l i d  Phase Bioassays:  

D r .  Richard C.  Swartz,  M r .  Waldemar A. DeBen, and Ms. F a i t h  A. 
Cole, EPA, C o r v a l l i s  Environmental Research Laboratory,  
Newport F i e l d  S t a t i o n ,  Newport, Oregon, and D r s .  Shuba and 
Tatem. 

Appendix G - Guidance f o r  Assessing Bioaccumulation P o t e n t i a l :  

D r .  Peddicord 

Appendix H - Est imat ion  of I n i t i a l  Mixing: 

M r .  Barry W. Hol l iday ,  EEL, WES, CE 

Review of t h e  manual was conducted by EPA through t h e  Marine 

P r o t e c t i o n  Branch of t h e  O i l  and Spec i a l  M a t e r i a l s  Con t ro l  D iv i s ion ,  

Of f i ce  of Deputy A s s i s t a n t  Adminis t ra tor  f o r  Hea l th  and Ecolog ica l  

E f f ec t s ,  and t h e  Ocean Dumping Bioassay Committee and by t h e  Corps of 

Engineers through t h e  O f f i c e ,  Chief of Engineers ,  and t h e  Environmental 

E f f e c t s  Laboratory of t h e  Waterways Experiment S t a t i o n .  
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PART I : INTRODUCTION 

1. S e c t i o n  103  of t h e  Marine P r o t e c t i o n ,  Research,  and S a n c t u a r i e s  

Act of 1972, P u b l i c  Law (PL) 92-532, s p e c i f i e s  t h a t  a l l  proposed opera- 

t i o n s  i nvo lv ing  t h e  t r a n s p o r t a t i o n  and dumping of dredged m a t e r i a l  i n t o  

ocean wa t e r s  must b e  e v a l u a t e d  t o  determine t h e  p o t e n t i a l  env i ronmenta l  

impact of such a c t i v i t i e s .  Th is  must b e  done by t h e  S e c r e t a r y  o f  t h e  

Army and t h e  Adminis t ra to r  of t h e  Environmental P r o t e c t i o n  Agency (EPA) 

a c t i n g  coope ra t i ve ly  through t h e  D i s t r i c t  Engineer and Regional  Adminis- 

t r a t o r .  Environmental  e v a l u a t i o n s  must be i n  accordance  w i t h  c r i t e r i a  

publ ished by EPA i n  t h e  F e d e r a l  R e g i s t e r ,  Vol. 42, No. 7, Tuesday, 

11 January 1977, r e f e r r e d  t o  a s  t h e  R e g i s t e r  th roughout  t h i s  implementa- 

t i o n  manual. A s  used i n  t h i s  manual, t h e  term "Regis te r"  s h a l l  b e  

synonymous w i t h  T i t l e  40 of t h e  Code of Fede ra l  Regu l a t i ons ,  P a r t s  220- 

228, i n  which t h e s e  c r i t e r i a  were republ i shed  fo l l owing  t h e i r  i n i t i a l  

p u b l i c a t i o n  i n  t h e  F e d e r a l  R e g i s t e r .  

2. The primary i n t e n t  of S e c t i o n  103 of PL 92-532 is  t o  r e g u l a t e  

and l i m i t  adve r se  e c o l o g i c a l  e f f e c t s  of ocean dumping. Consequently,  

t h e  Reg i s t e r  emphasizes e v a l u a t i v e  t echn iques  such as b i o a s s a y s  and 

bioassessments ,  which p rov ide  r e l a t i v e l y  d i r e c t  e s t i m a t i o n s  o f  t h e  

p o t e n t i a l  f o r  env i ronmenta l  impact.  To conduct t h e  r e q u i r e d  procedures  

p roper ly  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  i n  conduc t ing  b i o l o g i c a l  evalu- 

a t i o n s .  I n  a d d i t i o n ,  s i g n i f i c a n t  con t i nu ing  e f f o r t  and expense a r e  re- 

qu i red  t o  c o l l e c t  and c u l t u r e  s u f f i c i e n t  s t o c k s  of a l l  t h e  nece s sa ry  

spec i e s  of organisms and m a i n t a i n  them i n  good c o n d i t i o n  i n  t h e  labora-  

t o r y  t o  u se  whenever an e v a l u a t i o n  must be  conducted.  There  considera-  

t i o n s  argue a g a i n s t  o b t a i n i n g  t h e  s e r v i c e s  of a  d i f f e r e n t  group t o  

conduct each eva lua t i on .  I t  i s  h i g h l y  recommended t h a t  a  f e u  groups of 

demonstrated b ioa s say  c a p a b i l i t y  be s e l e c t e d ,  w i t h  each  group conducting 

eva lua t i ons  f o r  a  number of permi t  a p p l i c a t i o n s .  Th i s  w i l l  enab l e  t he se  

groups t o  develop adequa t e  c u l t u r i n g  and maintenance c a p a b i l i t i e s  and 

t h e  e x p e r t i s e  and f a m i l i a r i t y  w i th  t h e  p rocedures  r e q u i r e d  t o  consis-  



t e n t l y  conduct them p rope r ly  and t o  provide t h e  most r e l i a b l e  r e s u l t s  a t  

t h e  l e a s t  c o s t  p e r  eva lua t i on .  

Purpose and Scope 

3 .  The R e g i s t e r  s p e c i f i e s  t h a t  t h i s  t e c h n i c a l  implementat ion manual 

f o r  t h e  c r i t e r i a  a p p l i c a b l e  t o  dredged m a t e r i a l  b e  developed j o i n t l y  by 

EPA and t h e  Corps of Engineers  (CE). The manual was developed j o i n t l y  

by t h e  EPAICE Technica l  Committee on C r i t e r i a  f o r  Dredged and F i l l  Mate- 

r i a l ,  w i t h  t h e  major c o n t r i b u t i o n  from t h e  ~ i o a s s a y / ~ i o e v a l u a t i o n  Sub- 

committee. The manual i s  an a t t empt  t o  p rov ide  a  ba l ance  between techn i -  

. c a l  s t a t e -o f - t he - a r t  and r o u t i n e l y  implementable guidance f o r  u s ing  t h e  

e v a l u a t i v e  procedures  s p e c i f i e d  i n  t h e  Reg i s t e r .  Guidance is  inc luded  

on t h e  a p p r o p r i a t e  u s e s  and l i m i t a t i o n s  of t h e  v a r i o u s  p rocedures  and on 

sound i n t e r p r e t a t i o n  of t h e  r e s u l t s .  I ts s t r u c t u r e  f o l l ows  t h e  g e n e r a l  

o rde r  of t e s t  a p p l i c a t i o n  and g e n e r a l  p r i o r i t y  of importance of t e s t i n g  

and eva lua t i on  procedures  p r e sen t ed  i n  t h e  R e g i s t e r .  

4 .  Th is  manual c o n t a i n s  summaries and d i s c u s s i o n s  of t h e  proce- 

dures  f o r  e c o l o g i c a l  e v a l u a t i o n  of dredged m a t e r i a l  r e q u i r e d  by t h e  

Reg i s t e r ,  t e s t s  t o  implement them, d e f i n i t i o n s ,  sample c o l l e c t i o n  and 

p r e se rva t i on  procedures ,  e v a l u a t i v e  procedures ,  c a l c u l a t i o n s ,  i n t e r p r e t a -  

t i v e  guidance,  and suppo r t i ng  r e f e r e n c e s  r e q u i r e d  f o r  t h e  e v a l u a t i o n  of 

permit  a p p l i c a t i o n s  i n  accordance w i th  t h e  R e g i s t e r .  Even s o ,  t h i s  

manual cannot s t a n d  a lone .  It  i s  impe ra t i ve  t h a t  t h e  suppo r t i ng  r e f e r -  

ences  c i t e d  i n  each appendix b e  consu l ted  f o r  d e t a i l e d  o r  more compre- 

hens ive  guidance whenever i n d i c a t e d .  Before any e v a l u a t i o n s  a r e  begun, 

t h e  Reg i s t e r  and t h i s  manual should be  read  i n  t h e i r  e n t i r e t y ,  and 

c i t a t i o n s  and r e f e r e n c e s  l i s t e d  w i t h  t h e  appendices  should  be consu l ted  

t o  ob t a in  an unders tand ing  of t h e  guidance t h e  manual p rov ide s .  The 

t e c h n i c a l  p rocedures  i n  t h i s  manual were des igned  o n l y  f o r  dredged 

m a t e r i a l  and should n o t  b e  u t i l i z e d  f o r  any o t h e r  m a t e r i a l s  u n l e s s  

d e f i n i t i v e  r e s e a r c h  demons t ra tes  t h e i r  a p p l i c a b i l i t y .  

5. Th is  i s s u e  of t h e  implementat ion manual c o n t a i n s  e v a l u a t i v e  

procedures cons idered  t o  be  a c c e p t a b l e  r e g u l a t o r y  t o o l s  f o r  most 



s i t u a t i o n s .  I n  some in s t ances  more s o p h i s t i c a t e d  and complex b i o l o g i c a l  

eva lua t ions  may be  warranted by s p e c i a l  c i rcumstances.  However, v a r i a -  

t i o n s  of t he se  procedures should be allowed only when t h e  D i s t r i c t  

Engineer and t h e  Regional Adminis t ra tor  a r e  ab l e  t o  j u s t i f y  and defend 

the  t e c h n i c a l  v a l i d i t y  of such v a r i a t i o n s .  The f i e l d  of e c o l o g i c a l  

eva lua t ion  i s  a  dynamic one, and new and b e t t e r  r egu la to ry  procedures  a r e  

under development. A s  warranted by experience wi th  t h i s  manual and t h e  

development of new procedures,  t h e  manual w i l l  be r ev i sed  p e r i o d i c a l l y .  

These r e v i s i o n s  w i l l  be announced. 

6.  I t  should be emphasized t h a t  implementation of t he  c r i t e r i a  is  

the  j o i n t  r e s p o n s i b i l i t y  of t h e  D i s t r i c t  Engineer and t h e  Regional Admin- 

i s t r a t o r .  This  manual was developed by r e sea rch  personnel  of bo th  agen- 

c i e s  t o  con ta in  t h e  b e s t  t e c h n i c a l  guidance a v a i l a b l e  f o r  implementation. 

However, i t  is  i n e v i t a b l e  t h a t  s i t u a t i o n s  w i l l  a r i s e  t h a t  a r e  n o t  

s p e c i f i c a l l y  addressed i n  t h e  manual, a s  we l l  a s  occas ions  when a  choice  

of t h e  app rop r i a t e  course of a c t i o n  must be made. Such s i t u a t i o n s  must 

be coopera t ive ly  worked out  by t h e  D i s t r i c t  Engineer and Regional Admin- 

i s t r a t o r  t o  t h e i r  mutual s a t i s f a c t i o n  a s  they occur .  

7 .  This  manual provides  t e c h n i c a l  guidance t o  t h e  f u l l e s t  e x t e n t  

p r a c t i c a l  on implementation of t he  c r i t e r i a .  Yet t e c h n i c a l  eva lua t ions  

can provide only p a r t  of t h e  i n p u t  t o  t h e  decisionmaking process .  Many 

of t h e  c r i t e r i a  do no t  concern s u b j e c t s  amenable t o  q u a n t i t a t i v e  evalua- 

t i on .  I n  such ca se s  o b j e c t i v e ,  q u a l i t a t i v e  dec i s ions  must be made. In- 

deed, t he  d e c i s i o n  on g r a n t i n g  of a  permit  i s  u l t i m a t e l y  sub jec t ive .  

The c r i t e r i a  do no t  p r o h i b i t  environmental change, b u t  r a t h e r  "unaccept- 

ab l e  environmental impact." Consequently, f o r  each permit  app l i ca t i on ,  

the  Regional Adminis t ra tor  and t h e  D i s t r i c t  Engineer must decide how 

much p o t e n t i a l  impact i s  acceptab le  under t h e  environmental ,  economic,. 

s o c i a l ,  and p o l i t i c a l  cond i t i ons  r e l a t e d  t o  t h e  ope ra t i on  i n  ques t ion .  

Technical  and s c i e n t i f i c  eva lua t ions  provide an impor tan t  bu t  incomplete 

i n p u t  t o  such dec i s ions .  



A p p l i c a b i l i t y  

8. This  implementation manual i s  a p p l i c a b l e  t o  a l l  a c t i v i t i e s  i n -  

v o l v i n g  t h e  t r a n s p o r t a t i o n  of dredged m a t e r i a l  f o r  t h e  purpose of dump- 

i n g  i t  i n  ocean wate rs .  These procedures  do n o t  apply t o  a c t i v i t i e s  

excluded i n  Sec t i on  220.1 of t h e  Reg i s t e r .  These c r i t e r i a  p e r t a i n  t o  

t h e  t r a n s p o r t a t i o n  f o r  ocean dumping of dredged m a t e r i a l  o u t s i d e  t h e  

b a s e l i n e  from which t he  t e r r i t o r i a l  s e a  i s  measured. 

D e f i n i t i o n s  

9. The fol lowing terms a r e  b r i e f l y  de f i ned  a s  used i n  t h i s  r e p o r t  
I 

and i t s  appendices .  See Sec t i on  220.2 and P a r t  227 Subpart  G of t h e  

R e g i s t e r  f o r  complete d e f i n i t i o n s  of terms used i n  t h e  c r i t e r i a .  
I 
I Cons t i t uen t s .  Chemical s u b s t a n c e s ,  s o l i d s ,  o rgan ic  m a t t e r ,  and 

organisms a s s o c i a t e d  w i th  o r  con ta ined  i n  o r  on dredged m a t e r i a l .  

I C r i t e r i a .  Procedures and concep ts  pub l i shed  i n  t h e  Reg i s t e r  f o r  
I 

t h e  e v a l u a t i o n  of dredged m a t e r i a l  ocean-dumping permit  a p p l i c a t i o n s .  

i Disposa l  s i t e .  A p r e c i s e  geog raph i ca l  a r e a  w i th in  which ocean 

I dumping of m a t e r i a l s  may be pe rmi t t ed .  I n c l u d e s  bo th  t h e  bottom sub- 

s t r a t e  and t h e  water  column w i t h i n  t h e  s p e c i f i e d  boundar ies .  

Dredged m a t e r i a l .  Bottom sediment  o r  m a t e r i a l  and t h e  wate r  

a s s o c i a t e d  w i t h  such sediment o r  m a t e r i a l  t h a t  have been dredged o r  

excavated from t h e  nav igab le  w a t e r s  o f  t h e  Uni ted S t a t e s .  

Dumping. The d i s p o s i t i o n  of m a t e r i a l  s u b j e c t  t o  -the exc lu s ions  

paragraph  220.2(e) of t h e  R e g i s t e r .  

I n i t i a l  mixing. Dispers ion  o r  d i f f u s i o n  of l i q u i d ,  suspended 

p a r t i c u l a t e ,  and s o l i d  phases of dredged m a t e r i a l  t h a t  occurs  w i t h i n  

4 h r  a f t e r  dumping. 

L imi t i ng  pe rmi s s ib l e  c o n c e n t r a t i o n  (LPC) o f :  

a .  L iqu id  phase:  t h e  c o n c e n t r a t i o n  of dredged m a t e r i a l  t h a t ,  - 
a f t e r  a l lowance-for  i n i t i a l  mix ing ,  does  n o t  exceed a p p l i -  
c a b l e  marine wa t e r -qua l i t y  c r i t e r i a  o r  a  t o x i c i t y  t h r e sho ld  
of 0 .01 of t h e  a c u t e l y  t o x i c  c o n c e n t r a t i o n .  



b .  Suspended p a r t i c u l a t e  and s o l i d  phase:  a  c o n c e n t r a t i o n  t h a t  - 
w i l l  n o t  cause  unreasonab le  a c u t e  o r  c h r o n i c  t o x i c i t y  o r  sub- 
l e t h a l  adverse  e f f e c t s  i n c l u d i n g  bioaccumulat ion of t o x i c  
m a t e r i a l s  i n  t h e  human food c h a i n .  

Liquid phase .  The c e n t r i f u g e d  and 0 .45-p- f i l t e red  s u p e r n a t a n t  

remaining a f t e r  1 h r  u n d i s t u r b e d  s e t t l i n g  of t h e  m i x t u r e  r e s u l t i n g  from 

t h e  v igorous  30-min a g i t a t i o n  of a 1:4 r a t i o  of dredged m a t e r i a l  and 

dredging s i t e  o r  d i s p o s a l  s i t e  w a t e r ,  a s  a p p r o p r i a t e .  

Ocean. Those w a t e r s  of t h e  open s e a s  l y i n g  seaward of t h e  b a s e l i n e  

from which t h e  t e r r i t o r i a l  s e a  is  measured ( s e e  paragraph 220 .2(c )  of 

t h e  Register). 

S o l i d  phase.  A l l  m a t e r i a l  s e t t l i n g  t o  t h e  bottom w i t h i n  1 h r  i n  

t h e  l iqu id -phase  procedure .  ( I n  p r a c t i c e ,  bottom sed iments  of i n  s i t u  

d e n s i t y  may b e  considered t o  r e p r e s e n t  t h e  s o l i d  phase . )  

Suspended p a r t i c u l a t e  p h a s e .  The s u p e r n a t a n t ,  p r i o r  t o  c e n t r i f u g a -  

t i o n  and f i l t r a t i o n ,  o b t a i n e d  by t h e  l iqu id -phase  procedure .  

Water-qual i ty  c r i t e r i a .  The c r i t e r i a  g iven  f o r  marine  w a t e r s  i n  

t h e  EPA p u b l i c a t i o n  "Qua l i ty  C r i t e r i a  f o r  Water" a s  pub l i shed  i n  1976 o r  

i n  subsequent  e d i t i o n s .  



PART 11: GENERAL APPROACHES FOR EVALUATION OF PERMIT APPLICATIONS 

10. The p o t e n t i a l  e f f e c t  of t h e  ocean d i s p o s a l  of dredged m a t e r i a l  

on marine organisms and human u s e s  of t h e  ocean may range from unrneasur- 

a b l e  t o  important .  These e f f e c t s  may d i f f e r  a t  each d i s p o s a l  s i te  and 

must be  evaluated on a  case-by-case b a s i s .  The Reg i s t e r  p rov ides  

c r i t e r i a  f o r  such an e v a l u a t i o n ,  w i th  an emphasis placed on d i r e c t  

assessment  of b i o l o g i c a l  impac ts .  The app rop r i a t e  t e c h n i c a l  p rocedures  

a r e  found i n  P a r t s  227 and 228 of t h e  Reg i s t e r .  These p rocedures  and 

t h e i r  r e l a t i o n s h i p  t o  each o t h e r  a r e  i l l u s t r a t e d  d iagrammat ica l ly  i n  

F igure  1. 

A p p l i c a b i l i t y  (Subpar t  A) 

11. The Reg i s t e r  r e cogn i ze s  t h a t  dredged m a t e r i a l  may behave 

d i f f e r e n t l y  from o t h e r  m a t e r i a l s  t h a t  may be  ocean dumped, b u t  does n o t  

p l a c e  a l l  dredged m a t e r i a l  c r i t e r i a  i n  a  s e p a r a t e  s e c t i o n .  The re fo r e ,  

i t  i s  necessa ry  t o  

f u l l y  t o  determine 

r i a l .  I t  is  the se  

read P a r t  227, Subpa r t  A,  paragraph 227.1(b) ca re -  

those  s e c t i o n s  t h a t  a r e  a p p l i c a b l e  t o  dredged mate- 

s e c t i o n s  t h a t  a r e  d i s cus sed  i n  t h i s  manual. 

Technica l  Eva lua t i on  (Subpart  B) 

12. The f i r s t  e v a l u a t i v e  c o n s i d e r a t i o n  shown i n  F igu re  1 invo lve s  

t h e  p resence  of c e r t a i n  s u b s t a n c e s  t h a t  may no t  be ocean dumped under  

any c i rcumstances .  I f  any of t h e s e  a r e  p r e s e n t ,  t h e  p e n n i t  a p p l i c a t i o n  

must be denied wi thout  f u r t h e r  c o n s i d e r a t i o n .  Dredged m a t e r i a l s ,  how- 

eve r ,  a r e  h igh ly  u n l i k e l y  t o  c o n t a i n  t h e s e  subs t ances  and must u s u a l l y  

r e c e i v e  t h e  f u l l  t e c h n i c a l  e v a l u a t i o n  r e q u i r e d  by t h e  c r i t e r i a .  

13.  There a r e  obvious c a s e s  where dredged m a t e r i a l  i s  n o t  con- 

s i d e r e d  chemical ly  contaminated and would, t h e r e f o r e ,  cause n e g l i g i b l e  

p o l l u t i o n a l  impact when d i s cha rged  a t  an  a p p r o p r i a t e  d i s p o s a l  s i t e .  

Thus m a t e r i a l  t h a t  meets t h e  r equ i r emen t s  of paragraph  227.13(b) ( s ee  

.Appendix A, page A2) may be exc luded  from t h e  t e c h n i c a l  e v a l u a t i o n s  
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r e q u i r e d  by S e c t i o n  227.13 and need be  eva lua t ed  only i n  terms of i t s  
1 c o m p a t i b i l i t y  w i th  t h e  d i sposa l  s i t e  and t h e  c o n s i d e r a t i o n s  of Subpar t s  

C ,  D ,  and E and t h e  app rop r i a t e  s e c t i o n s  of P a r t  228, a s  i l l u s t r a t e d  i n  

I Figure  1. 

14. Dredged m a t e r i a l  t h a t  does n o t  meet t h e  c o n d i t i o n s  f o r  exclu-  

I s i o n  of paragraph 227.13(b) must r e ce ive  a  f u l l  t e c h n i c a l  e v a l u a t i o n  of 

i t s  p o t e n t i a l  f o r  environmental  impact. The e v a l u a t i v e  procedures  

emphasize b i o l o g i c a l  e f f e c t s ,  r a t h e r  than s imple  chemical  p resence ,  of 

p o s s i b l e  contaminants .  Dredged m a t e r i a l  is  s e p a r a t e d  f o r  eva lua t i on  

i n t o  t h r e e  phases ,  a s  def ined  i n  paragraph 227.32(b)(1) of t h e  R e g i s t e r  

( see  Appendix A,  page A3). The l i q u i d  phase and t h e  suspended p a r t i c u -  

l a t e  phase  a r e  considered t o  have t h e  g r e a t e s t  p o t e n t i a l  f o r  impact on 

t h e  w a t e r  column and a r e  eva lua t ed  with  t h i s  i n  mind. The s o l i d  phase  

has  t h e  g r e a t e s t  p o t e n t i a l  f o r  impact on b e n t h i c  organisms, and evalua- 

i t i v e  emphasis is  p laced  t h e r e .  A l l  t h r e e  phases  must b e  eva lua t ed ,  a s  

i n d i c a t e d  i n  F igu re  1. 
i L iquid phase  

15. The l i q u i d  phase of dredged m a t e r i a l  may b e  eva lua t ed  i n  

I 
e i t h e r  of two ways, a s  s p e c i f i e d  i n  paragraph 2 2 7 . 1 3 ( ~ ) ( 2 )  of t h e  

Reg i s t e r .  Where t h e r e  i s  concern about s p e c i f i c  contaminants  t h a t  may 

I b e  r e l e a s e d  i n  s o l u b l e  form, t h e  l i q u i d  phase may be  analyzed chemical ly  

and t h e  r e s u l t s  eva lua t ed  by comparison t o  wa t e r -qua l i t y  c r i t e r i a  f o r  

1 
t hose  contaminants  a f t e r  al lowance f o r  i n i t i a l  mixing. The pe r i od  of 

1 

i n i t i a l  mixing, d i s cus sed  i n  paragraphs 26 and 27,  must be  allowed be- 

f o r e  comparing t h e  p r e d i c t e d  concen t r a t i ons  t o  wa t e r -qua l i t y  c r i t e r i a .  

This  provides  an  i n d i r e c t  e v a l u a t i o n  of p o t e n t i a l  b i o l o g i c a l  impacts of 

t h e  l i q u i d  phase,  s i n c e  t h e  wa t e r -qua l i t y  c r i t e r i a  were der ived  from 

b ioassays  of s o l u t i o n s  of t h e  v a r i o u s  contaminants .  Chemical eva lua t i on  

of t h e  l i q u i d  phase is  p o s s i b l e  on ly  f o r  t h o s e  con taminan ts  f o r  which 

I s p e c i f i c  wa t e r -qua l i t y  c r i t e r i a  have been e s t a b l i s h e d .  The major con- 

s t i t u e n t s  t o  be  analyzed i n  t h e  l i q u i d  phase  a r e  t o  b e  s e l e c t e d  

1 coopera t ive ly  by t h e  D i s t r i c t  Engineer  and t h e  Regiona l  Adminis t ra to r ,  

a s  d i scussed  i n  paragraph 227.13(d) of t h e  R e g i s t e r .  Sample c o l l e c t i o n  
I and p r e p a r a t i o n  methods a r e  g iven  i n  Appendix B, and t h e  app rop r i a t e  



l abo ra to ry  procedures and support ing r e fe rences  may be found i n  

Appendix C of t h i s  manual. 

16.  I f  t h e  water-quality c r i t e r i a  approach i s  not  taken ,  t h e  

l i q u i d  phase must be evaluated by b ioassays ,  a s  i nd ica t ed  i n  F igure  1. 

The d i r e c t  bioassay approach is t o  be used when t h e  l i q u i d  phase may 

con ta in  major c o n s t i t u e n t s  no t  included i n  t h e  water -qua l i ty  c r i t e r i a  o r  

when t h e r e  i s  reason t o  be concerned about p o s s i b l e  s y n e r g i s t i c  e f f e c t s  

of c e r t a i n  contaminants. I n  t hese  cases  l i q u i d  phase b ioassays  can a i d  

i n  eva lua t ing  t h e  importance and t h e  t o t a l  n e t  impact of d i sso lved  chemi- 

c a l  c o n s t i t u e n t s  re leased  from the  sediment dur ing  d i s p o s a l  opera t ions .  

17. Liquid phase bioassays must be conducted wi th  "appropriate  

s e n s i t i v e  marine organisms." Paragraph 2 2 7 . 2 7 ( c )  of t h e  Regis te r  ( see  

Appendix A ,  page A8) def ines  t h i s  t o  mean a t  l e a s t  t h r e e  spec ies  con- 

s i s t i n g  of one phytoplankton o r  zooplankton s p e c i e s ,  one crustacean o r  

mollusc, and one f i s h .  Phytoplankton b ioassays  can i n d i c a t e  t he  poten- 

t i a l  f o r  a l g a l  s t imu la t ion  or  i n h i b i t i o n  by t h e  dredged m a t e r i a l  i n  

ques t ion .  However, i t  is widely f e l t  t h a t  p o t e n t i a l  e f f e c t s  on phyto- 

plankton a r e  gene ra l ly  of l i t t l e  environmental concern a t  ocean dredged 

m a t e r i a l  d i s p o s a l  s i t e s ,  due t o  t h e  extremely dynamic and v a r i a b l e  

c h a r a c t e r i s t i c s  of n a t u r a l  phytoplankton assemblages and t o  t he  r ap id  

mixing and d i l u t i o n  t h a t  occurs  i n  t h e  water  column. For t hese  reasons ,  

un le s s  t h e r e  i s  a  s p e c i f i c  reason t o  be. concerned about p o t e n t i a l  e f f e c t s  

of t h e  proposed opera t ion  on phytoplankton, i t  is recommended t h a t  a  

zooplankton s p e c i e s  be s e l e c t e d  t o  f u l f i l l  t h a t  p o r t i o n  of t h e  bioassay 

spec i e s  requirement .  Laboratory procedures  f o r  conducting l iquid-phase 

animal b ioassays  may be found i n  Appendix D ;  guidance on phytoplankton 

b ioassays ,  i f  they  a r e  f e l t  necessary ,  i s  conta ined  i n  Appendix E of 

t h i s  manual. 

18. I t  should be recognized t h a t  dredged m a t e r i a l  bioassays cannot 

be considered p r e c i s e  p r e d i c t o r s  of environmental  e f f e c t s .  They must be 

regarded a s  q u a n t i t a t i v e  e s t ima to r s  of t h o s e  e f f e c t s ,  making i n t e r p r e t a -  

t i o n  somewhat sub jec t ive .  In  order  t o  avoid adding more unce r t a in ty  t o  

t h e i r  i n t e r p r e t a t i o n ,  the  animal b ioas says  g iven  i n  t h i s  manual a l l  

u t i l i z e  m o r t a l i t y  a s  an end p o i n t .  The s i g n i f i c a n c e  of t h i s  response 



t o  t h e  i n d i v i d u a l s  involved i s  c l e a r ,  bu t  t h e  s t a t e  of e c o l o g i c a l  under- 

s t and ing  is such t h a t  i t  remains imposs ib le  t o  p r e d i c t  t h e  e c o l o g i c a l  

consequences of t h e  dea th  o f  a g iven  p e r c e n t  of t h e  l o c a l  p o p u l a t i o n  of  

a p a r t i c u l a r  s p e c i e s .  For example, t h e r e  i s  p r e s e n t l y  no b a s i s  f o r  esti- 

mating whether  t h e  l o s s  a t  t h e  d i s p o s a l  s i t e  of 10  p e r c e n t  of a p a r t i c u -  

l a r  c ru s t acean  s p e c i e s  would have i nconsequen t i a l  o r  major  e c o l o g i c a l  

e f f e c t s .  Th is  i n t e r p r e t a t i v e  u n c e r t a i n t y  becomes overpowering when a 

parameter  whose e c o l o g i c a l  meaning i s  n o t  a s  c l e a r  a s  m o r t a l i t y  is  used 

as t h e  b ioa s say  end p o i n t .  I n  view of t h e  i n t e r p r e t a t i v e  d i f f i c u l t i e s ,  

t h e  b ioassays  i n  t h i s  manual s p e c i f y  d e a t h  a s  t h e  response t o  be  measured.  

I n t e r p r e t a t i v e  guidance does n o t  a t t emp t  t o  cons ide r  t h e  e c o l o g i c a l  

meaning of t h e  m o r t a l i t y  observed,  b u t  t ake s  t h e  env i ronmenta l ly  p ro t ec -  - 
t i v e  approach p r e sc r i bed  i n  t h e  R e g i s t e r  t h a t  any s t a t i s t i c a l l y  s i g n i f i -  

c a n t  i n c r e a s e  i n  m o r t a l i t y  compared t o  t h e  c o n t r o l s  i s  p o t e n t i a l l y  

undes i r ab l e .  I t  i s  impor tan t  t o  r e a l i z e ,  however, t h a t  a s t a t i s t i c a l l y  

s i g n i f i c a n t  e f f e c t  i n  a l a b o r a t o r y  b ioa s say  cannot be t aken  as a p r ed i c -  

t i o n  t h a t  an  e c o l o g i c a l l y  impor tan t  impact  would occur  i n  t h e  f i e l d .  

Bioassay r e s u l t s  must be  eva lua t ed  i n  l i g h t  of i n i t i a l  mixing (F igu re  1 )  

a s  d i s cus sed  i n  paragraphs 26 through 28. 

Suspended p a r t i c u l a t e  phase  

19. The suspended p a r t i c u l a t e  phase  of dredged m a t e r i a l  may b e  

eva lua t ed  f o r  p o t e n t i a l  env i ronmenta l  impact  on ly  by u se  of b ioa s says .  

! No chemical  p rocedure  ha s  y e t  been dev ised  t h a t  w i l l  determine t h e  

amount of env i ronmenta l ly  a c t i v e  contaminants  p r e s e n t  i n  t h e  suspended 

p a r t i c u l a t e  phase  of dredged m a t e r i a l .  The re fo r e ,  b ioa s says  a r e  used 

t o  e v a l u a t e  d i r e c t l y  t h e  p o t e n t i a l  f o r  b i o l o g i c a l  impacts  due t o  bo th  

t h e  p h y s i c a l  p resence  of suspended p a r t i c l e s  and t o  any b i o l o g i c a l l y  
! 

a c t i v e  contaminants  a s s o c i a t e d  w i t h  t h e  p a r t i c u l a t e s  and/or  t h e  

I d i s so lved  f r a c t i o n .  Suspended p a r t i c u l a t e  phase  b ioa s says  must a l s o  be 

conducted w i t h  a p p r o p r i a t e  s e n s i t i v e  marine organisms, a s  de sc r i bed  i n  

paragraph 17  f o r  l i q u i d  phase b i o a s s a y s .  I n  a d d i t i o n  t o  t h e  d i s c u s s i o n  

t h e r e  concerning t h e  g e n e r a l  a d v i s a b i l i t y  of phytoplankton b ioa s says  

w i t h  dredged m a t e r i a l ,  i t  should  be  noted t h a t  suspended p a r t i c u l a t e  
i phase phytoplankton b ioa s says  a r e  ex t remely  d i f f i c u l t  t o  conduct and 



i n t e r p r e t  va l id ly .  This i s  due t o  i n t e r f e r e n c e s  and p reda t ion  on t h e  

t e s t  spec i e s  by protozoans'contained i n  t he  dredged m a t e r i a l  being 

t e s t ed .  Consequently, i n  most cases  t h e  maximum amount of u s e f u l  in-  

formation on p o t e n t i a l  e f f e c t s  of t he  proposed d i s p o s a l  ope ra t ion  w i l l  

be  obtained by bioassaying zooplankton, a c rus tacean  o r  mollusc,  and a 

f i s h .  

S o l i d  phase 

20. It i s  genera l ly  f e l t  t h a t  i f  a dredged m a t e r i a l  i s  going t o  

have an environmental impact, t h e  g r e a t e s t  p o t e n t i a l  f o r  impact l i e s  i n  

t h e  s o l i d  phase. This is because i t  i s  not  mixed and d ispersed  a s  

r ap id ly  o r  a s  g rea t ly  a s  t h e  l i q u i d  and suspended p a r t i c u l a t e  phases,  

and bottom-dwelling animals l i v e  and feed  i n  and on t h e  depos i ted  s o l i d  

phase f o r  extended periods.  Therefore,  un le s s  t h e r e  i s  reason  t o  do 

otherwise,  t he  major eva lua t ive  e f f o r t s  should be p laced  on t h e  s o l i d  

phase. The Register  r e q u i r e s  t h a t  b ioassays  be used t o  eva lua t e  t h e  

p o t e n t i a l  impact of t h e  s o l i d  phase. No chemical procedures  e x i s t  t h a t  

w i l l  determine the  environmental a c t i v i t y  of any contaminants o r  combi- 

n a t i o n  of contaminants p r e s e n t  i n  t h e  s o l i d  phase of dredged m a t e r i a l .  

Therefore,  animals a r e  used i n  a b ioassay  t o  provide a measurement of 

environmental a c t i v i t y  of t h e  chemicals found i n  t h e  m a t e r i a l .  

21. Sol id  phase b ioas says ,  descr ibed  i n  Appendix F, must be con- 

ducted wi th  "appropriate  s e n s i t i v e  b e n t h i c  marine organisms." Paragraph 

227.27(d) of t h e  Regis te r  (Appendix A ,  page A8) d e f i n e s  t h i s  t o  mean a t  

l e a s t  t h r e e  spec ies ,  c o n s i s t i n g  of one f i l t e r - f e e d i n g ,  one depos i t -  

feeding ,  and one burrowing s p e c i e s .  These a r e  broad overlapping gene ra l  

c a t e g o r i e s ,  and i t  i s  recommended t h a t  t h e  spec i e s  be s e l e c t e d  t o  i n -  

c lude  a c rus tacean ,  an i n f a u n a l  b i v a l v e ,  and an i n f a u n a l  polychaete.  

22. Paragraph 18 i s  a key d i scuss ion  p e r t i n e n t  t o  a l l  b ioassay  

procedures  i n  t h i s  manual, i nc lud ing  s o l i d  phase b ioassays ,  which a l s o  

measure m o r t a l i t y  a s  t h e  end p o i n t  because of i t s  c l e a r  phys io log ica l  

s i g n i f i c a n c e .  However, a s  po in t ed  o u t  i n  paragraph 18, t h e  e c o l o g i c a l  

meaning of  t he  death of a given pe rcen t  of t he  animals of one o r  s e v e r a l  

s p e c i e s  a t  t h e  d i s p o s a l  s i t e  cannot  be  es t imated  a t  p re sen t .  Therefore,  

t h e  i n t e r p r e t a t i v e  guidance presented  f o r  t h e  s o l i d  phase b ioassay  is 



environmental ly  p r o t e c t i v e  i n  t h a t  any s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  

i n  m o r t a l i t y  compared t o  t h e  c o n t r o l s  is  considered p o t e n t i a l l y  undes i r -  

ab l e .  Th is  approach i s  environmental ly  conse rva t i ve  i n  t h a t  i t  does  n o t  

a t t empt  t o  cons ider  t h e  e c o l o g i c a l  meaning of t he  m o r t a l i t y  observed,  b u t  

assumes t h a t  any m o r t a l i t y . m i g h t  b e  adverse .  Again, i t  must be  empha- 

s i z e d  t h a t  a s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  i n  a l a b o r a t o r y  b i o a s s a y  

does n o t  n e c e s s a r i l y  imply t h a t  an  eco log i ca l '  important  impact  would 

occur  i n  t h e  f i e l d .  S o l i d  phase  b ioa s say  r e s u l t s  must a l s o  be  i n t e r -  

p r e t e d  i n  l i g h t  of i n i t i a l  mixing a s  descr ibed  i n  paragraph  28. 

Bioaccumulation 

23. The c r i t e r i a  r e q u i r e  t h a t  a l l  b i o l o g i c a l  e v a l u a t i o n s  of t h e  

suspended p a r t i c u l a t e  and s o l i d  phases  i n c l u d e  an  assessment  of t h e  

p o t e n t i a l  f o r  contaminants from t h e  dredged m a t e r i a l  t o  be  bioaccumu- 

l a t e d  i n  t h e  t i s s u e s  of marine organisms (F igure  1 and paragraphs  227.6 

( c ) ( 2 )  and (3)  of t h e  R e g i s t e r ) .  Th i s  i s  in tended  t o  a s s e s s  t h e  poten- 

t i a l  f o r  . the long-term accumulat ion of t o x i n s  i n  t h e  food web t o  l e v e l s  

t h a t  might be  harmful t o  t h e  u l t i m a t e  consumer, which i s  o f t e n  man, 

wi thout  k i l l i n g  t h e  i n t e r m e d i a t e  organisms. I n  o rde r  t o  u s e  bioaccumu- 

l a t i o n  d a t a  i n  a p e r m i t t i n g  d e c i s i o n ,  i t  i s  necessa ry  t o  p r e d i c t  whether  

t h e r e  w i l l  be  a cause-and-effect  r e l a t i o n s h i p  between t h e  an imals '  

p resence  i n  t h e  dredged m a t e r i a l  and a meaningful e l e v a t i o n  of body 

burdens of contaminants  above t h o s e  of s i m i l a r  animals  n o t  i n  t h e  dredged 

m a t e r i a l .  

24 .  S ince  concern about  b ioaccumula t ion  is focused on t h e  p o s s i -  

b i l i t y  of g r adua l  up take  over  l ong  exposure  times, pr imary a t t e n t i o n  is 

u s u a l l y  g iven  t o  t h e  s o l i d  phase  t h a t  i s  depos i t ed  on t h e  bottom. Bio- 

accumulat ion from t h e  suspended p a r t i c u l a t e  phase  i s  cons idered  t o  be  of 

secondary concern except  i n  s p e c i a l  c a s e s ,  due t o  t h e  s h o r t  exposure  

t i m e  r e s u l t i n g  from r a p i d  d i s p e r s i o n  of t h e  suspended p a r t i c u l a t e s  by 

mixing. Should t h i s  be  a major c o n s i d e r a t i o n  f o r  t h e  o p e r a t i o n  i n  ques- 

t i o n ,  t h e  l a b o r a t o r y  b ioaccumula t ion  procedures  g iven  i n  Appendix G may 

be used t o  a s s e s s  t h e  suspended p a r t i c u l a t e  phase .  Because of t h e  long- 

term n a t u r e  of t h e  concerns ,  b ioaccumula t ion  from t h e  s o l i d  phase  i s  a t  

p r e sen t  b e s t  eva lua ted  i n  t h e  f i e l d  where p o s s i b l e .  Th i s  can b e  done 



only  when an  h i s t o r i c a l  p receden t  e x i s t s  f o r  t he  proposed o p e r a t i o n ,  a s  

d i scussed  i n  paragraphs 2  and 3 of Appendix G .  Under t h e s e  c o n d i t i o n s ,  

a  f i e l d  assessment p rov ides  the  most u s e f u l  i n fo rma t ion  because  t h e  

animals have been exposed t o  t h e  sediment under n a t u r a l  c o n d i t i o n s  f o r  

l onge r  pe r i ods  than a r e  now gene ra l l y  p r a c t i c a l  i n  t h e  l a b o r a t o r y .  To 

t h e  e x t e n t  t h a t  source  c o n t r o l  has  prevented i n c r e a s e d  i n p u t  o f  contami- 

n a n t s ,  i t  w i l l  g ene ra l l y  b e  t r u e  t h a t  sediment q u a l i t y  a t  d redg ing  s i t e s  

w i l l  not  be  lower than a t  t h e  t ime of previous  d redg ing  and d i s p o s a l  

ope ra t i ons .  There fore ,  s i n c e  t h e  same d i s p o s a l  s i t e  is  t r a d i t i o n a l l y  

used r epea t ed ly  f o r  each dredging s i t e ,  a  v a l i d  h i s t o r i c a l  p receden t  

probably e x i s t s  a t  p r e s e n t  f o r  most d i s p o s a l  o p e r a t i o n s  u t i l i z i n g  s i t e s  

des igna ted  i n  Sec t i on  228.12 of t h e  Reg i s t e r .  

2 5 .  The environmental  i n t e r p r e t a t i o n  of b ioaccumula t ion  d a t a  is  

even more d i f f i c u l t  than  f o r  b ioassays  because i n  most c a s e s  i t  i s  

impossible  t o  q u a n t i f y  e i t h e r  t h e  e c o l o g i c a l  consequences o f  a g iven  

t i s s u e  concen t r a t i on  of a  c o n s t i t u e n t  t h a t  is  bioaccumulated o r  even t h e  

consequences of t h a t  body burden t o  t he  animal  whose t i s s u e s  c o n t a i n  i t .  

Almost wi thout  excep t ion  i n  t h e  marine environment,  t h e r e  i s  no t e c h n i c a l  

b a s i s  f o r  e s t a b l i s h i n g ,  f o r  example, t h e  t i s s u e  c o n c e n t r a t i o n  of  copper 

i n  a  s p e c i e s  of po lychae te  t h a t  would be d e t r i m e n t a l  t o  t h a t  organism, 

n o t - t o  mention t h e  i m p o s s i b i l i t y  of e s t i m a t i n g  t h e  e f f e c t  o f  t h a t  

organism's body burden on a  p r e d a t o r .  There fore ,  i n  o r d e r  t o  ensure  

environmental  s a f e t y ,  t h e  i n t e r p r e t a t i v e  guidance assumes t h a t  any 

s t a t i s t i c a l l y  s i g n i f i c a n t  bioaccumulat ion r e l a t i v e  t o  animals  n o t  i n  

dredged m a t e r i a l ,  b u t  l i v i n g  i n  m a t e r i a l  of s i m i l a r  s ed imen to log i ca l  

c h a r a c t e r ,  i s  p o t e n t i a l l y  u n d e s i r a b l e .  The e v a l u a t i o n  of  exper imenta l  

r e s u l t s  u s i n g  t h i s  approach r e q u i r e s  t h e  u s e r  t o  r e cogn i ze  t h e  f a c t  t h a t  

a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  cannot  be  presumed t o  p r e d i c t  

t h e  occurrence of an  e c o l o g i c a l l y  impor tan t  impact .  Bioaccumulation 

r e s u l t s  must a l s o  be e v a l u a t e d  i n  l i g h t  of i n i t i a l  mixing a s  d i scussed  

i n  t h e  nex t  s e c t i o n .  

I n i t i a l  mix ing  

26. A l l  d a t a  from chemical  a n a l y s i s  of t h e  l i q u i d  phase,  b ioassays ,  

and bioaccumulation s t u d i e s  must b e  i n t e r p r e t e d  i n  l i g h t  of i n i t i a l  



mixing, a s  i l l u s t r a t e d  i n  Figure 1. This i s  necessary s i n c e  b io log ica l  

e f f e c t s  (which a r e  t h e  b a s i s  f o r  water-quality c r i t e r i a )  a r e  a funct ion 

of b i o l o g i c a l l y  a v a i l a b l e  contaminant concentrat ion and exposure time of 

the  organism. Laboratory bioassays expose organisms t o  r e l a t i v e l y  con- 

s t a n t  concent ra t ions  f o r  f ixed  periods of time, while  i n  t h e  f i e l d  both 

concentrat ion and exposure time t o  a p a r t i c u l a r  concent ra t ion  change 

continuously. Since both f a c t o r s  w i l l  in f luence  the  degree of b io logi -  

c a l  impact, i t  is necessary t o  incorpora te  t h e  mixing expected a t  t h e  

s i t e  i n  ' the  i n t e r p r e t a t i o n  of b io log ica l  d a t a .  

27. I n i t i a l  mixing is  defined i n  Sect ion 227.29 of t h e  Regis te r  

(Appendix A, page A6) and guidance on es t imat ion  of i n i t i a l  mixing may 

be found i n  Appendix H of t h i s  manual. Methods f o r  incorpora t ion  of 

mixing es t imat ions  i n t o  the i n t e r p r e t a t i o n  of water -qual i ty  r e s u l t s  a r e  

included i n  Appendix C ,  and these  methods f o r  l i q u i d  and suspended 

p a r t i c u l a t e  phase bioassay da ta  a r e  included i n  Appendix D. 

28. Although t h e  Regis te r  r equ i re s  t h e  cons ide ra t ion  of i n i t i a l  

mixing and d i spe r s ion  of t h e  sediment a f t e r  i t  reaches  t h e  bottom i n  

i n t e r p r e t i n g  s o l i d  phase bioassay da ta ,  no o b j e c t i v e  method of doing so 

has been devised. Rather,  t h e r e  has been an a t tempt  t o  incorpora te  t h e  

phenomenon of s o l i d  phase sediment d i spe r s ion  i n t o  t h e  bioassay design 

t o  some ex ten t .  The concept i s  expressed i n  t h e  environmental impact 

statement on t h e  ocean dumping c r i t e r i a *  t h a t  "EPA has  chosen t o  allow 

some change i n  sediment c h a r a c t e r i s t i c s  o r  water  chemistry a s  being 

reasonable,  but  no damage t o  t h e  b i o t a  out -s ide  t h e  r eg ion  of i n i t i a l  

mixing is  allowed under these  c r i t e r i a . "  The s o l i d  phase bioassay 

technique, t he re fo re ,  does no t  eva lua te  t h e  p h y s i c a l  e f f e c t s  of massive 

sediment depos i t ion  immediately under t h e  d i scha rg ing  v e s s e l ,  s i n c e  t h e  

primary concern i s  t h a t  damage n o t  extend beyond t h e  reg ion  of i n i t i a l  

mixing. Ins t ead ,  t h e  technique gene ra l ly  approximates condi t ions  near  

the  d i sposa l  s i t e  boundary where sediment d i s p e r s i o n  has reduced t h e  

* U .  S. Environmental P r o t e c t i o n  Agency, "Proposed Revision t o  Ocean 
Dumping C r i t e r i a :  F i n a l  Environmental Impact Statement ,"  1977, Office 
of Water Program Operat ions,  Washington, DC, p 128. 



depth of deposited dredged ma te r i a l  t o  a  few cent imet res .  The s o l i d  

phase bioassay technique measures t h e  e f f e c t s  of chemicals assoc ia ted  

wi th  t h i s  deposited sediment, r a t h e r  than phys ica l  e f f e c t s  of t he  sed i -  

ment. It is apparent t h a t  t he re  w i l l  be a  gradient  of decreasing 

e f f e c t s  wi th  increasing d i s t ance  away from t h e  d i sposa l  s i t e  due t o  d i s -  

pe r s ion ,  although the  na tu re  of t h i s  gradient  cannot be  determined. 
-< 

Therefore,  t he  environmentally p r o t e c t i v e  assumption i s  made t h a t  a  

s t a t Y s t i c a l l y  s i g n i f i c a n t  e f f e c t  i n  the  s o l i d  phase bioassay i n d i c a t e s  a 

r e a l  p o t e n t i a l  f o r  environmental impact from t h e  s o l i d  phase. 

29. The Register  a l s o  r equ i re s  cons idera t ion  of i n i t i a l  mixing i n  

i n t e r p r e t i n g  the  r e s u l t s  of bioaccumulation s t u d i e s .  I n  c o n t r a s t  t o  t h e  

s i t u a t i o n  wi th  l i q u i d  and suspended p a r t i c u l a t e  phase b ioassays ,  no ob- 

j e c t i v e  semiquant i ta t ive  method f o r  incropora t ing  mixing and d i l u t i o n  

i n t o  the  i n t e r p r e t a t i o n  of r e s u l t s  has been developed f o r  bioaccumula- 

t i o n  d a t a .  I f ,  i n  l i g h t  of paragraph 24, bioaccumulation from the  

suspended p a r t i c u l a t e  phase i s  of concern, eva lua t ion  of t h e  r e s u l t s  

must s u b j e c t i v e l y  consider  t h e  e f f e c t s  of mixing on exposure time and 

concent ra t ion ,  and thus  on bioaccumulation. I n  f i e l d  eva lua t ions  of 

bioaccumulation p o t e n t i a l ,  mixing i s  f u l l y  incorporated i n t o  t h e  experi-  

mental  des ign  because t h e  animals have l i v e d  i n  t h e  sediment under the  

n a t u r a l  cond i t ions  a t  t h e  s i t e  s i n c e  t h e  previous d i sposa l  operat ion.  

This is  a major advantage of f i e l d  assessment of bioaccumulation poten- 

t i a l  from t h e  s o l i d  phase over l abora to ry  eva lua t ions .  

Trace contaminants 

30. A s  i l l u s t r a t e d  i n  Figure 1, the  presence o r  absence of t r a c e  

contaminants must be determined f o r  a l l  t h r e e  phases of t h e  ma te r i a l .  

Sec t ion  227.6 i s  perhaps the  key s e c t i o n  of t h e  c r i t e r i a ,  s i n c e  dredged 

m a t e r i a l  may no t  be ocean dumped i f  i t  con ta ins  any of t h e  l i s t e d  sub- 

s t ances  i n  g r e a t e r  than t r a c e  amounts. This  i s  n o t  defined i n  terms of 

numerical chemical l i m i t s  whose environmental meaning is  uncer ta in ,  b u t  

r a the r*  " . . . E P A  came t o  t h e  conclusion t h a t  t h e  b a s i s  f o r  r egu la t ion  {of 

t r a c e  contaminants) should be t h e  probable  impact of these  cons t i t uen t s  

* i b i d . ,  p 83. 



on t h e  b i o t a  and t h a t  the measurement technique used should be bioassays 

on t h e  waste i t s e l f . "  Sect ion 227.6(b) of t he  Register  expresses  i n  

regula tory  language the idea t h a t  t r ace  concentrat ions be defined a s  

those too low t o  cause an environmental e f f e c t .  

31. In  o the r  words, marine organisms a r e  regarded, i n  a sense ,  a s  

a n a l y t i c a l  instruments  f o r  determining the environmentally a c t i v e  por- 

t i ons  of any contaminants p re sen t .  Implementation of t h i s  approach t o  

the  d e f i n i t i o n  of t r ace  contaminants r equ i re s  t h a t  lack  of e f f e c t  i n  

bioassays and bioaccumulation s t u d i e s  be taken t o  mean t h a t  contaminants 

a r e  absent  o r  present  only i n  amounts and/or forms t h a t  a r e  not  environ- 

mental ly a c t i v e ,  and therefore  do not exceed so-called " t r ace  concentra- 

t ions ."  When e f f e c t s  do occur i n  dredged m a t e r i a l  b ioassays ,  i t  is  n o t  

poss ib l e  wi th in  the present  state-of-knowledge t o  determine which con- 

s t i t u e n t ( ~ )  caused the observed e f f e c t s .  Therefore, i t  must be assumed 

they a r e  due t o  Sect ion 227.6 ma te r i a l s  because i t  cannot be e s t ab l i shed  

t h a t  t h i s  i s  not  t he  case. This  would mean some contaminant(s) i s  pres-  

en t  i n  g r e a t e r  than t r a c e  concent ra t ions .  In  p r a c t i c e ,  the exact  iden- 

t i t y  of the  contaminant(s) causing the e f f e c t  i s  of l i t t l e  concern from 

a r egu la to ry  viewpoint,  s ince  dredged m a t e r i a l  t h a t  might cause an 

environmental e f f e c t  f o r  any reason should not  be ocean dumped except 

perhaps under s p e c i a l  circumstances. Following t h i s  reasoning, bio- 

accumulation of any p o t e n t i a l l y  harmful c o n s t i t u e n t ,  whether l i s t e d  i n  

Sec t ion  227.6 o r  not ,  could make the  m a t e r i a l  undes i rab le  f o r  ocean 

dumping. 

32. S ince  the  assessment of t r a c e  contaminants depends upon the  

determinat ion of e f f e c t s ,  i t  cannot be made u n t i l  the bioassays (and/or 

water-qual i ty  s t u d i e s ) ,  and bioaccumulation s t u d i e s  a r e  completed and 

i n t e r p r e t e d  wi th  cons idera t ion  of mixing. Only then can e f f e c t s ,  and 

thus t h e  presence of contaminants i n  o the r  than t r a c e  concent ra t ions ,  

be est imated.  This sequence i s  i l l u s t r a t e d  i n  Figure 1. 

33. Paragraph 227.6(d) al lows s p e c i a l  s t u d i e s  t o  es t imate  the  

p o t e n t i a l  environmental impact of m a t e r i a l s  be l ieved  t o  conta in  com- 

pounds i d e n t i f i e d  a s  carcinogens,  mutagens, o r  te ra togens  f o r  which 

t h e r e  a r e  no water-qual i ty  c r i t e r i a .  This  paragraph is expected t o  



apply t o  r e l a t i v e l y  few permit  app l i ca t ions  f o r  the  ocean d i s p o s a l  of 

dredged ma te r i a l .  I n  cases  where i t  does apply,  t h e  r equ i r ed  s p e c i a l  

s t u d i e s  would have t o  be  s p e c i f i c a l l y  designed 

concern under the  p a r t i c u l a r  condi t ions  of t he  

Such h ighly  s i t e -  and problem-specific s t u d i e s  

a manual such a s  t h i s  an2 must 3e  designed f o r  

they a r e  needed. 

f o r  t h e  contaminant of 

opera t ion  i n  ques t ion .  

a r e  beyond t h e  scope of 

each s i t u a t i o n  i n  which 

34. The p roh ib i t i ons  and l i m i t a t i o n s  of Sect ion 227.6 do n o t  

apply when i t  can be  demonstrated t h a t  the  m a t e r i a l  i n  ques t ion  i s  

environmentally acceptab le ,  a s  descr ibed i n  paragraphs 227.6(f) o r  (g) 

of t h e  Regis te r  (Appendix A). Again, t he  s t u d i e s  necessary t o  demon- 

s t r a t e  compliance wi th  t h e s e  paragraphs would have t o  be designed 

s p e c i f i c a l l y  f o r  t he  environmental condi t ions and contaminants i n  ques- 

t i o n ,  making them s o  s i t e  s p e c i f i c  a s  t o  be beyond t h e  scope of t h i s  

manual. Both these  s t u d i e s  and those  discussed i n  paragraph 33 would 

have t o  be designed coopera t ive ly  by the  D i s t r i c t  Engineer and t h e  

Regional Administrator  t o  s a t i s f y  t h e i r  mutual concerns about  compliance 

of t h e  m a t e r i a l  wi th  t h e  c r i t e r i a .  

General compat ib i l i ty  
w i th  the  d i sposa l  s i t e  

35. Once the  preceding c r i t e r i a  have been s a t i s f i e d ,  t h e  gene ra l  

compa t ib i l i t y  of t he  dredged m a t e r i a l  wi th  t h e  proposed d i s p o s a l  s i te  

must be  evaluated under Sec t ions  227.9 and 227.10 of t h e  Reg i s t e r .  Both 

s e c t i o n s  a r e  r a t h e r  s u b j e c t i v e  c r i t e r i a ,  and no s p e c i f i c  e v a l u a t i v e  pro- 

cedures e x i s t  f o r  determining compliance wi th  e i t h e r  s e c t i o n .  It should 

be noted,  however, t h a t  t h e  a v a i l a b l e  evidence i n d i c a t e s  t h a t  t h e  

amounts of dredged m a t e r i a l  u s u a l l y  ocean dumped a t  one time and p l ace  

gene ra l ly  would no t  c r e a t e  long-term damage caused simply by t h e  volume 

of m a t e r i a l  dumped. Notice from Figure  1 t h a t  dredged m a t e r i a l  excluded 

from t e c h n i c a l  eva lua t ion  under paragraph 227.13(b) must meet t h e  

requirements of Sec t ions  227.9 and 227.10. 

Evaluat ion of Subpart B r e s u l t s  

36. A t  t h i s  po in t  t h e  eva lua t ions  r equ i r ed  under Subpart  B of t h e  

Regis te r  w i l l  have been conducted. Under Sec t ion  227.3, i f  a dredged 

m a t e r i a l  f a i l s  t o  meet t h e  Subpart  B c r i t e r i a ,  t he  permit may be denied. 



I 
Need f o r  Ocean Dumping (Subpart  C) 

37. No m a t e r i a l  may b e  ocean dumped un l e s s  t h e r e  i s  a  demonstrated 

need t o  do s o  under Subpar t  C. This subpa r t  is i n  e f f e c t  an e v a l u a t i o n  
I 

of a l t e r n a t i v e  d i s p o s a l  s i t e s  i n  terms of p o t e n t i a l  env i ronmenta l  i m -  

p a c t s ,  i r r e v e r s i b l e  commitment of r e sou rce s ,  and c o s t s .  No d i s p o s a l  a l -  

t e r n a t i v e  i s  i n i t i a l l y  cons idered  more d e s i r a b l e  t.han any o t h e r  and t h e  

eva lua t i on  is  t o  be  made on a  case-by-case b a s i s .  That  i s ,  conf ined  o r  

upland d i s p o s a l  cannot be  cons idered  environmental ly  p r e f e r a b l e  t o  

a q u a t i c  d i s p o s a l  u n l e s s  c o n s i d e r a t i o n  of t h e  p o t e n t i a l  environmental  i m -  

p a c t s  ( i nc lud ing  groundwater contaminat ion,  l e a c h a t e  and runoff  impacts ,  

and permanent a l t e r a t i o n  of t h e  s i t e )  show i t  t o  be  s o .  S i m i l a r l y ,  
) 

ocean d i s p o s a l  should n o t  a u t o m a t i c a l l y  be considered t h e  most d e s i r a b l e  

a l t e r n a t i v e .  A s  po in ted  o u t  i n  Sec t ion  227.14, s p e c i f i c  q u a n t i t a t i v e  

c r i t e r i a  f o r  eva lua t i ng  t h e  need f o r  ocean dumping cannot  b e  g iven ,  and 

t h i s  eva lua t i on  remains e s s e n t i a l l y  a s u b j e c t i v e  one. 

I Impacts on E s t h e t i c s ,  Recrea t ion ,  and Economics (Subpar t  D) 

38. Before a  permit  may be  g ran ted ,  t h e  p robab l e  impacts  on 

e s t h e t i c s ,  r e c r e a t i o n a l ,  and economic v a l u e s  must be eva lua t ed ,  a s  de- 

s c r i b e d  i n  Subpar t  D. Although t h i s ,  t oo ,  i s  a n o n q u a n t i t a t i v e  evalua-  

t i o n ,  cons ide r a t i on  of  i n fo rma t ion  from t h e  Subpar t  B t e c h n i c a l  a s s e s s -  

ments is  r equ i r ed  i n  paragraph  227.18. Desp i te  t h e  q u a l i t a t i v e  n a t u r e  

of t h e  r e q u i r e d  assessment ,  pa ragraph  227.19 r e q u i r e s  t h a t  t h e  r e s u l t s  

b e  expressed ,  i n s o f a r  a s  p o s s i b l e ,  i n  q u a n t i t a t i v e  terms.  

Impacts on Other  Uses of t h e  Ocean (Subpar t  E) 

39. Subpar t  E is  r e l a t e d  t o  t h e  above requ i rements ,  b u t  i t  re- 

q u i r e s  e v a l u a t i o n  of s p e c i f i c  a c t u a l  o r  p o t e n t i a l  u s e s  of t h e  d i s p o s a l  

s i t e ,  i nc lud ing  b u t  no t  l i m i t e d  t o  those  l i s t e d  i n  paragraph  227.21. 

These aga in  a r e  c r i t e r i a  f o r  which s p e c i f i c  q u a n t i t a t i v e  t e s t s  of com- 



Subpar t  B t e c h n i c a l  e v a l u a t i o n s  w i l l  b e  d i r e c t l y  r e l e v a n t  t o  t h e  a s s e s s -  

ment of p o t e n t i a l  impacts  on l i v i n g  r e s o u r c e s  and t h e i r  u t i l i z a t i o n .  

S i t e  Management Cons idera t ions  

40. The e v a l u a t i o n  o f  t h e  proposed d i s p o s a l  s i t e  i n  r e l a t i o n  t o  

requ i rements  f o r  e f f e c t i v e  s i t e  management must a l s o  b e  c o n s i d e r e d ,  

accord ing  t o  paragraph 227.13(a).  This  i s  covered i n  P a r t  228 o f  t h e  

R e g i s t e r ,  o f  which on ly  paragraph 228.4(e) and S e c t i o n s  228.9 and 228.12 

app ly  t o  dredged m a t e r i a l .  S p e c i f i c  implementat ion p r o c e d u r e s  f o r  t h e s e  

requ i rements  cannot b e  o f f e r e d  a t  p r e s e n t ,  and a p p r o p r i a t e  t e c h n i q u e s  

t o  s a t i s f y  t h e  c r i t e r i a  w i l l  have t o  b e  worked o u t  c o o p e r a t i v e l y  by t h e  

Regional  Admin is t ra to r  and t h e  D i s t r i c t  Engineer  on a case-by-case b a s i s .  

Dec i s ion  on t h e  Permi t  A p p l i c a t i o n  

41. It is  p o s s i b l e  t h a t  i n  some c a s e s  adequa te  i n f o r m a t i o n  upon 

which t o  b a s e  a sound env i ronmenta l  e v a l u a t i o n  of a p e r m i t  under  t h e  

c r i t e r i a  w i l l  n o t  b e  s u p p l i e d .  I n  such c a s e s  p a r a g r a p h  225.2(b) a l lows  

a d d i t i o n a l  i n f o r m a t i o n  t o  b e  r e q u e s t e d  and t h e  a p p l i c a t i o n  t o  b e  r e e v a l -  

ua ted .  

42. Only when dredged m a t e r i a l  can comply w i t h  a l l  t h e  a p p l i c a b l e  

requ i rements  of P a r t s  227 and 228, a s  d i s c u s s e d  e a r l i e r ,  may a p e r m i t  

b e  g ran ted  f o r  ocean dumping under  pa ragraph  227.2. The p e r m i t  must b e  

denied i n  a l l  o t h e r  c a s e s .  I f  t h e  p e r m i t  i s  den ied  b u t  t h e  d redg ing  is 

e s s e n t i a l  and no f e a s i b l e  a l t e r n a t i v e s  a r e  a v a i l a b l e ,  a wa iver  o f  t h e  

c r i t e r i a  may b e  sought  under  S e c t i o n s  225.3 and 225.4. 



Appendix A: Reorganization .of Section 227.13 from 
"Ocean Dumping-Final Revisions of Regulations and Criteria"" 

to  Incorporate Cross-References 

This appendix is appropriate for use by all regulatory elements concerned 
with the ocean disposal of dredged material. It is a compilation and 
reorganization of those sections of Part 227 of the l l January 1977 Federal 
Register that concern technical evaluation of dredged material proposed for 
ocean disposal. There have been no alterations of content, but the sections 
have simply been rearranged to incorporate cross-referenced items. This 
appendix concerns technical evaluation only and must be used in conjunction 
with the other pertinent sections of the Federal Register. 

* Environmental Protection Agency, "Ocean Dumping-Final Revisions of Regulations and 
Criteria," Federal Register, Part VI, Vol. 42, NO. 7, Tuesday, 11 January 1977. 



5 227.1 Applicability. 

(a) Section 102 of the Act requires that criteria for the issuance of ocean 
disposal permits be promulgated after consideration of the environmental effect 
of the proposed dumping operation, the need for ocean dumping, alternatives 
to ocean dumping, and the effect of the proposed action on esthetic, 
recreational and economic values, and on other uses of the ocean. This Part 227 
and Part 228 of this Subchapter H together constitute the criteria established 
pursuant to Section 102 of the Act. The decision of the Administrator, 
Regional Administrator or the District Engineer, as the case may be, to  issue 
or deny a permit and to impose specific conditions on any permit issued will 
be based on an evaluation of the permit application pursuant to  the criteria 
set forth in this Part 227 and upon the requirements for disposal site 
management pursuant to the criteria set forth in Part 228 of this Subchapter H. 

(b) With respect to the criteria to be used in evaluating disposal of dredged 
materials, this Section 227.1 and Subparts C, D, E, and G apply in their 
entirety. To determine whether the proposed dumping of dredged material 
complies with Subpart B, only Sections 227.4, 227.5, 227.6, 227.9, 227.10, 
and 227.13 apply. An applicant for a permit to dump dredged material must 
comply with all of Subparts C, D, E, G, and applicable sections of B, t o  be 
deemed to have met the EPA criteria for dredged material dumping promulgated 

. . - -  . - -- . - - - 
pursuant to Section 102(a) of the Act. If, in any case, the Chief of Engineers 
finds that, in the disposition of dredged material, there is no economically 
feasible method or site available other than a dumping site, the utilization of 
which would result in noncompliance with the criteria established pursuant to  
Subpart B relating to the effects of dumping or with the restrictions established 
pursuant to Section 102(c) of the Act relating to critical areas, he shall so 
certify and request that the Secretary of the Army seek a waiver from the 
Administrator pursuant to  Part 225. 

(c) The Criteria of this Part 227 are established pursuant to Section 102 
of the Act and apply to the evaluation of proposed dumping of materials under 
Title I of the Act. The Criteria of this Part 227 deal with the evaluation of 
proposed dumping of materials on a case-by-case basis from information 
supplied by the applicant or otherwise available to  EPA or the Corps of 
Engineers concerning the characteristics of the waste and other considerations 
relating to  the proposed dumping. 

(d) After consideration of the provisions of Sections 227.28 and 227.29, 
no permit will be issued when the dumping would result in a violation of 
applicable water quality standards. 

5 227.13 Dredged materials. 

(a) Dredged materials are bottom sediments or materials that have been 
dredged or excavated from the navigable waters of the United States, and their 
disposal into ocean waters is regulated by the U. S. Army Corps of Engineers 
using the criteria of applicable sections of Parts 227 and 228. Dredged material 
consists primarily of natural sediments or materials which may be contaminated 



by municipal or industrial wastes or by runoff from terrestrial sources such 
as agricultural lands. 

(b) Dredged material which meets the criteria set forth in the following 
paragraphs (I), (2) ,  or (3) is environmentally acceptable for ocean dumping 
without further testing under this section: 

(1) Dredged material is composed predominantly of sand, gravel, 
rock, or any other naturally occurring bottom material with particle sizes larger 
than silt, and the material is found in areas of high current or wave energy 
such as streams with large bed loads or coastal areas with shifting bars and 
channels; #or 

(2) Dredged material is for beach nourishment or restoration and 
is composed predominantly of sand, gravel, or shell with particle sizes 
compatible with material on the receiving beaches; or 

(3) When: 

(i) The material proposed for dumping is substantially the same 
as the substrate at the proposed disposal site; and 

(ii) The site from which the material proposed for dumping 
is t o  be taken is far removed from known existing and historical sources of 
pollution so as to provide reasonable assurance that such material has not been 
contaminated by such pollution. 

(c) When dredged material proposed for ocean dumping does not meet 
the criteria of paragraph (b) of this section, further testing of the liquid, 
suspended particulate, and solid phases, as defined in Section 227.32, is 
required . . . . 
5 227.32 Liquid, suspended particulate, and solid phases o f  a material. 

(a) For the purposes of these regulations, the liquid phase o f  a material, 
subject to the exclusions o f  paragraph (b )  o f  this section, is the supernatant 
remaining after one hour undisturbed settling, after centrifugation and filtration 
throzcgh a 0.45 micron filter. The suspended particulate phase is the supernatant 

, as obtained above prior to centrifugation and filtration. The solid phase includes 
all material settling to the bottom in one hour. Settling shall be conducted 
according to procedures approved by EPA. 

(b)  For dredged material, other material containing large proportions of 
insoluble matter, materials which may interact with ocean water to form 
insoluble matter or new toxic compounds, or materials which may release toxic 
compounds upon deposition, the Administrator, Regional Administrator, or the 
District Engineer, as the case may be, may require that the separation o f  liquid, 
suspended particulate, and solid phases o f  the material be performed upon a 
mixture o f  the waste with ocean water rather than on the material itself: In 
such cases the following procedures shall be used: 

A2 



( I )  For dredged material, the liquid phase is considered to he the 
centrifuged and 0.45 micron filtered supernatant remaining after orze hour 
undisturbed settling of  the mixture resulting from a vigorous 30-minute agitation 
of one part bottom sediment from the dredging site with four parts water 
(vol/vol) collected from the dredging site or from the disposal site, as 
appropriate for the type of dredging operation. The suspended particulate phase 
is the supernatant as obtained above prior to centrifugation and filtration. The 
solid phase is considered to be all material settling to the bottom within one 
hour. Settling shall be conducted by procedures approved by EPA and the 
Corps of  Engineers. 

(2) For other materials, the proportion of  ocean water used shall 
be the minimum amount necessary to produce the anticipated effect (e.g., 
complete neutralization of an acid or alkaline waste) based on guidance provided 
by EPA on particular cases, or in accordance with approved EPA procedures. 
For such material the liquid phase is the filtered and centrifuged supernatant 
resulting from the mixture after 30 minutes of vigorous shaking followed by 
undisturbed settling for one hour. The suspended particulate phase is the 
supernatant as obtained above prior to centrifugation and filtration. The solid 
phase is the insoluble material settling to the bottom in that period. 

5 227.13(c) Continued 

. . .Based on the results of such testing, dredged material can be considered 
to be environmentally acceptable for ocean dumping only under the following 
conditions: 

(1) The material is in compliance with the requirements of 
Section 227.6; and. . . 

I 5 227.6 Constituents prohibited as other than trace contaminants. 
I 

(a) Subject to the exclusion of paragraphs ( f) ,  (g), and (h)  of this section, 
I the ocean dumping, or transportation for dumping, of  materials containing the 

following constituents as other than trace contaminants will not be approved 
on other than an emergency basis: 

( I  I Organohalogen compounds; 

(2)  Mercury and mercury compounds; 

(3)  Cadmium and cadmium compounds; 

(4) Oil o f  any kind or in any form, including but not limited to 
petroleum, oil sludge, oil refuse, crude oil, fuel oil, heavy diesel oil, lubricating 
oils, hydraulic fluids, and any mixtures containing these, transported for the 
purpose of dumping insofar as these are not regulated under the FWPCA; 

(5)  Known carcinogens, mutagens, or teratogens or materials 
suspected to be carcinogens, mutagens, or teratogens by responsible scientific 
opinion. 



(b)  These constituents will be considered to be present as trace 
contaminants only when they are present in materials otherwise acceptable for 
ocean dumping in such forms and amounts in liquid, suspended particulate, 
and solid phases that the dumping of the materials will not cause significant 
undesirable effects, including the possibility of danger associated with their 
bioaccumulation in marine organisms. 

(c)  The potential for significant undesirable effects due to the presence 
of these constituents shall be determined by application of  results o f  bioassays 
on liquid, suspended particulate, and solid phases of  wastes according to 
procedures acceptable to EPA, and for dredged material, acceptable to EPA 
and the Corps of Engineers. Material shall be deemed environmentally acceptable 
for ocean dumping only when the following conditions are met: 

( I )  The liquid phase does not contain any of these constituents in 
concentrations which will exceed applicable marine water quality criteria after 
allowance for initial mixing; provided that mercury concentrations in the 
disposal site, after allowing for initial mixing, may exceed the average normal 
ambient concentrations of mercury in ocean waters at or near the dumping 
sites which would be present in the absence of dumping, by not more than 
50 percent; and 

(2) Bioassay results on the suspended particulate phase of  the waste 
do not indicate occurrance of  significant mortality or significant adverse 
sublethal effects including bioaccumulation due to .the dumping o f  wastes 
containing the constituents listed in paragraph (a )  o f  this section. These 
bioassays shall be conducted with appropriate sensitive marine organisms as 
defined in Section 22 7.2 7(c) using procedures for suspended particulate -7hase 
bioassays approved by EPA, or, for dredged material, approved by EPA and 
the Corps of Engineers. Procedures approved for bioassays under this section 
will require exposure of organisms for a sufficient period of  time and under 
appropriate conditions to provide reasonable assurance, based on consideration 
of the statistical significance of effects at the 95 percent confidence level, that, 
when the materials are dumped, no significant undesirable effects will occur 
due either to chronic toxicity or to bioaccumulation of the constituents listed 
in paragraph (a) o f  this section; and 

(3) Bioassay results on the solid phase o f  the wastes do not indicate 
occurrence of  significant mortality or significant adverse sublethal effects due 
to the dumping of wastes containing the constituents listed in paragraph (a) 
of this section. These bioassays shall be conducted with sensitive benthic 
organisms using benthic bioassay procedures approved by EPA, .or, for dredged 
material, approved by EPA and the Corps of Engineers. Procedures approved 
for bioassays under this section will require exposure of organisms for a 
sufficient period of  time to provide reasonable assurance, based on 
considerations o f  statistic$ significance of  effects at the 95 percent confidence 
level, that, when the materials are dumped, no significant undesirable effects 
will occur due either to chronic toxicity or to bioaccumulation of the 
constituents listed in paragraph (a) o f  this section; and 

(4 )  For persistent organohalogens not included in the applicable 



marine water quality criteria, bioassay results on the liquid phase of the wusw 
show that such compounds are not present in concentrations large enough (o 
cause significant undesirable effects due either to chronic toxicity or to 
bioaccumulation in marine organisms after allowance for initial mixing. 

(d) When the Administrator, Regional Administrator or District Engineer, 
as the case may be, has reasonable cause to believe that a material proposed 
for ocean dumping con rains compounds identified as carcinogens, rn utagens, 
or teratogens for which criteria have not been included in the applicable marine 
water quality criteria, he may require special studies to be done prior to issuance 
of a permit to determine the impact of disposal on human health and/or marine 
ecosystems. Such studies must provide information comparable to that required 
under paragraph (c)  (3)  of this section. 

(e) The criteria stated in paragraphs (c) (2)  and (3)  o f  this section will 
become mandatory as soon as announcement of the availability o f  acceptable 
procedures is made in the FEDERAL REGISTER. At that time the interim 
criteria contained in this Section 227.6te) shall no longer be applicable. 

NOTE: The remainder of this paragraph has been made inapplicable by the 
notice of "Availability of Implementation Manual, 'Ecological 
Evaluation of ~ r o ~ o s e d   isc char& of Dredged Material into ~ E e a n  
Waters,'" Federal Register, Vol. 42, No. 7, 7 September 1977, page 
44835. 

( f )  The prohibitions and limitations of this section do not apply to the 
constituents identified in paragraph (a) of this section when the applicant can 
demonstrate that such constituents are ( I )  present in the material only as 
chemical compounds or forms (e.g., inert insoluble solid materials) non-toxic 
to marine life and non-bioaccumulative in the marine environment upon disposal 
and thereafter, or (2) present in the material only as chenzical compounds or 
forms which, at the time of dumping and thereafter, will be rapidly rendered 
non-toxic to marine life and non-bioaccumulative in the marine environment 
by chemical or biological degradation in the sea; provided they will not make 
edible marine organisms unpalatable; or will not endanger human health or 
that of domestic animals, fish, shellfish, or wildlife. 

(g) The prohibitions and limitations of this section do not apply to the 
constituents identified in paragraph (a) of this section for the granting of  
research permits if the substances are rapidly rendered harmless by physical, 
chemical or biological processes in the sea; provided they will not make edible 
marine organisms unpalatable and will not endanger human health or that of 
domestic animals. 

$ 227.1 3(c) Continued 

. . .(2)(i) All major constituents of the liquid phase are in compliance 
with the applicable marine water quality criteria after allowance for initial 
mixing; or. . . 



8 227.3 1 Applicable marine water quality criteria. 

Applicable marine water quality criteria means the criteria given for marine 
waters in the EPA publication "Quality Criteria for Water" as published in 
1976 and amended b y  subsequent supplements or additions. 

8 227.29 Initial mixing. 

(a) Initial mixing is defined to be that dispersion or diffusion of liquid, 
suspended particulate, and solid phases of a waste which occurs within four 
hours after dumping. The limiting permissible concentration shall not be 
exceeded beyond the boundaries o f  the disposal site during initial mixing, and 
shall not be exceeded at any point in the marine environment after initial 
mixing. The maximum concentration of the liquid, suspended particulate, and 
solid phases of a dumped material after initial mixing shall be estimated by 
one of these methods, in order of preference: 

( I )  When field data on the proposed dumping are adequate to predict 
initial dispersion and diffusion of the waste, these shall be used, i f  necessary, 
in conjunction with an appropriate mathematical model acceptable to  EPA or 
the District Engineer, as appropriate. 

(2)  When field data on the dispersion and diffusion o f  a waste of 
characteristics similar to that proposed for discharge are available, these shall 
be used in conjunction with an appropriate mathematical model acceptable to 
EPA or the District Engineer, as appropriate. 

(3) When no field data are available, theoretical oceanic turbulent 
diffusion relationships may be applied to known characteristics o f  the waste 
and the disposal site. 

( b )  When no other means o f  estimation are feasible, 

( I )  The liquid and suspended particulate phases o f  the dumped waste 
may be assumed to  be evenly distributed after four hours over a column of 
water bounded on the surface by the release zone and extending to the ocean 
floor, thermocline, or halocline i f  one. exists, or to a depth of 20 meters, 
whichever is shallower, and 

(2)  The solid phase of a dumped waste may be assumed to settle 
rapidly to the ocean bottom and to be distributed evenly over the ocean bottom 
in an area equal to that o f  the release zone as defined in Section 227.28. . . . 

5 227.28 Release zone. 

The release zone is the area swept out by the locus o f  points constantly 
100 meters from the perimetei. o f  the conveyance engaged in dumping activities, 
beginning at the first moment in which dumping is scheduled to occur and 
ending at the last moment in which dumping is scheduled to occur. No release 
zone shall exceed the total surface area o f  the dumpsite. 



5 227.29 Continued 

. . .(c) When there is reasonable scientific evidence to demonstrute that other 
methods of estimating a reasonable allowance for initial mixing are uppropriate 
for a specific material, such methods may be used with the concurrence of 
EPA after appropriate scientific review. 

5 227.1 3(c) Continued 

. . .(ii) When the liquid phase contains major constituents not 
included in the applicable marine water criteria, or there is reason to  suspect 
synergistic effects of certain contaminants, bioassays on the liquid phase of 
the dredged material show that it can be discharged so as not t o  exceed the 
limiting permissible concentration as defined in paragraph (a) of 
Section 227.27; and. . . 
5 227.27 Limiting permissible concentration (L PC). 

(a) The limiting permissible concentration of the liquid phase of a 
material is: 

( I )  That concentration of a constituent which, after allowance for 
initial mixing as provided in Section 227.29, does not exceed applicable marine 
water quality criteria; or, when there are no applicable marine water quality 
criteria, 

(2) That concentration of waste or dredged material in the receiving 
water which, after allowance for initial mixing, as specified in Section 227.29, 
will not exceed a toxicity threshold defined as 0.01 of a concentration shown 
to be acutely toxic to appropriate sensitive marine organisms in a bioassay 
carried out in accordance with approved EPA procedures. 

(3) When there is reasonable scientific evidence on a specific waste 
material to justify the use o f  an application factor other than 0.01 as specified 
in paragraph (a)(2) of  this section, such alternative application factor shall be 
used in calculating the LPC 

(b)  The limiting permissible concentration of the suspended particulate 
and solid phases o f  a material means that concentration which will not cause 
unreasonable acute or chronic toxicity or other sublethal adverse effects based 
on bioassay results using appropriate sensitive marine organisms in the case 
of  the suspended particulate phase, or appropriate sensitive benthic marine 
organisms in the case of the solid phase; or which will not cause accumulation 
of toxic materials in the human food chain. These bioassays are to be conducted 
in accordance with procedures approved by EPA, or, in the case o f  dredged 
material, approved by EPA and the Corps of Engineers (for instance, the 
procedure contained in this manual). 

(c)  "Appropriate sensitive marine organisms" means at least one species 
each representative of  phytoplankton or zooplankton, crustacean or mollusk, 



and fish species chosen from among the most sensitive species documented 
in the scientific literature or accepted by EPA as being reliable test organisms 
to determine the anticipated impact of  the wastes on the ecosystem at the 
disposal site. Bioassays, except on phytoplankton or zooplankton, shall be run 
for a minimum o f  96 hours under temperature, salinity, and dissolved oxygen 
conditions representing the extremes of environmental stress at the disposal 
site. Bioassays on phytoplankton or zooplankton may be run for shorter periods 
of time as appropriate for the organisms tested at the discretion o f  EPA, or 
EPA and the Corps of Engineers, as the case may be. 

(d )  "Appropriate sensitive benthic marine organisms " means at least one 
species each representing filter-feeding, deposit-feeding, and burrowing species 
chosen from among the most sensitive species accepted by EPA as being reliable 
test organisms to determine the anticipated impact on the site; provided, 
however, that un ti1 sufficient species are adequately tested and documented, 
interim guidance on appropriate organisms available for use will be provided 
by the Administrator, Regional Administrator, or the District Engineer, as the 
case may be. 

5 Section 227.1 3(c) Concluded 

. . ( 3  Bioassays on the suspended particulate and solid phases show 
that it can be discharged so as not t o  exceed the limiting permissible 
concentration as defined in paragraph (b) of Section 227.27. 

(d) For the purposes of paragraph (c)(2), major constituents to  be 
analyzed in the liquid phase are those deemed critical by the District Engineer, 
after evaluating and considering any comments received from the Regional 
Administrator, and considering known sources of discharges in the area. 



APPENDIX B: DREDGED MATERIAL SAMPLE COLLECTION AND PREPARATION 

Introduction 

1. The c o l l e c t i o n  and prepara t ion  of d i sposa l  s i t e  water  and 

dredged m a t e r i a l  samples f o r  t e s t i n g  is one of t he  more important  

phases of eva lua t ing  the  impact of dredged m a t e r i a l  d i scharge  upon t h e  

a q u a t i c  environment. Samples t h a t  a r e  improperly c o l l e c t e d ,  preserved ,  

o r  prepared w i l l  t o t a l l y  i n v a l i d a t e  any t e s t i n g  conducted and w i l l  l e a d  

t o  erroneous conclusions regarding the  p o t e n t i a l  impact of t he  proposed 

d ischarge .  Meticulous a t t e n t i o n  must t he re fo re  be given t o  a l l  phases 

I of water  and sediment sampling, s to rage ,  and prepara t ion .  The proce- 

dures  descr ibed  he re in  spec i fy  the  apparatus  and procedures  t o  u se  f o r  
I 

I 
sampling water  and dredged m a t e r i a l  and prepar ing  t h e  water  and dredged 

m a t e r i a l  f o r  chemical ana lyses  and bioassay procedures .  

Sample Co l l ec t ion  and P rese rva t ion  

2.  Col lec t ion  and p re se rva t ion  of dredged m a t e r i a l  and water  

samples a r e  d iscussed  i n  t h i s  s e c t i o n .  The procedures  a r e  designed t o  

minimize sample contamination and a l t e r a t i o n  of t he  p h y s i c a l  o r  chemical 

p r o p e r t i e s  of t he  samples due t o  f r eez ing ,  a i r  ox ida t ion ,  o r  drying.  

Number of samples 

3 .  The number of sediment and water samples t o  be taken from the  

dredging o r  excavat ion  s i t e  f o r  process ing  must be c a r e f u l l y  considered 

because of t h e  extremely heterogeneous na tu re  of  samples of t h i s  type. 

The l a r g e s t  source  of v a r i a t i o n  between dredged m a t e r i a l  samples taken 
! 

a t  a dredging s i t e  has  been shown t o  be 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  of t h e  samples. ' Sediment should the re f  o r e  be c o l l e c t e d  

from a minimum of t h r e e  sampling s t a t i o n s  w i t h i n  t h e  dredging a rea .  

Many dredging p r o j e c t s  w i l l  r e q u i r e  more than  t h i s  minimum number of 

samples f o r  proper  c h a r a c t e r i z a t i o n .  The number of samples and t h e i r  

l oca t ion  should be s e l e c t e d  coopera t ive ly  by t h e  D i s t r i c t  Engineer and 

Regional Administrator  be fo re  sample c o l l e c t i o n  begins .  The sampling 



stations should be 1ocated.throughout the area to be dredged and 

should be selected to characterize obviously contaminated as well as 

noncontaminated areas. The amount of dredged material or water collected 

should be limited to the amount that can be used within 2 weeks after 

sampling. 

Apparatus 

4 .  The following items are required for water and dredged material 

sampling and storage. 

a. Noncontaminating sediment grab or core sampler (Smith- - 
McIntyre or Van Veen grab, K. B. corer, etc.). 

b. Noncontaminating water sampler (Van Dorn water sampler, - 
etc.) . 

c. Acid-rinsed linear polyethylene bottles for water samples - 
to be analyzed for metals and nutrients. 

d. Solvent-rinsed glass bottles with Teflon-lined screw-type - 
lids for water samples to be analyzed for pesticide mate- 
rials. 

e. Plastic jars or bags for collection of dredged material - 
samples. 

f. Ice chests-for preservation and shipping of dredged mate- - 
rial and water samples. 

Water sampling 

.5. Collection of water samples should be made with appropriate 

noncontaminating water-sampling devices. Special care must be taken to 

avoid the introduction of contaminants from the sampling devices and 

containers. To avoid trace metal contamination, sampling devices should. 

be constructed of plastic materials. Prior to use, the sampling de- 

vices and containers should be thoroughly cleaned with a detergent solu- 

tion, rinsed with tap water, soaked in 10-percent hydrochloric acid 

(HC1) for 4 hr, and then thoroughly rinsed with metal-free water. Water 

samples taken for trace organic analyses should be taken with glass or 

stainless steel devices. If plastic devices must be used, they must 

be cleaned, aged, and characterized as to the material that may leach 

from them into the samples. The sampling devices should be thoroughly 

cleaned, following the procedures outlined in the "Manual of Analytical 

Methods for the Analysis of Pesticide Residues in Human and Environmental 



~ n m p l e s , " ~  and then  r i n s e d  j u s t  be£ o r e  u s ing  w i th  t h e  same s o l v e n t  t o  b e  

U H C ~  i n  t h e  a n a l y s i s ,  most probably hexane. 

6.  A r e p r e s e n t a t i v e  d i s p o s a l  s i t e  wate r  sample is  ob t a ined  by 

c o l l e c t i n g  1 1 3  of t h e  sample volume d i r e c t l y  below t h e  w a t e r  s u r f a c e ,  

1 / 3  from mid-depth i n  t h e  wate r  column, and 113  from approx imate ly  1 m 

above t h e  sediment  s u r f a c e .  The p o r t i o n  of t h e  samples t o  be used f o r  

p e s t i c i d e  m a t e r i a l  ana ly se s  must b e  s t o r e d  i n  g l a s s  o r  aluminum con t a in -  

e r s .  Dredging s i te  wa t e r  should  be c o l l e c t e d  approximately  1 m above 

t h e  bottom. 

7.  The samples should  be s t o r e d  immediately a t  2 t o  ~ O C ,  n eve r  

f rozen .  The s t o r a g e  pe r i od  should  be as s h o r t  as p o s s i b l e  t o  minimize 

changes i n  t h e  c h a r a c t e r i s t i c s  of t h e  wate r .  It is  recommended t h a t  

samples be processed w i t h i n  two weeks of c o l l e c t i o n .  

Sediment sampling 

8. Sediment samples should  be  t aken  w i t h  a c o r e r  o r  a g r ab  sampler  

i n  a manner des igned  t o  en su re  t h a t  t h e i r  c h a r a c t e r i s t i c s  a r e  r e p r e s e n t a -  

t i v e  of t h e  proposed dredg ing  s i te .  Sampling s t a t i o n s  should  i n c l u d e  

known o r  suspec ted  a r e a s  of h igh  con tamina t ion  as. w e l l  a s  more r ep r e sen -  
I t a t i v e  a r e a s .  The l a r g e r  t h e  proposed dredg ing  s i te ,  t h e  more samples 

w i l l .  be r e q u i r e d  f o r  adequa te  coverage  and c h a r a c t e r i z a t i o n .  The 
1 

i samples should  be p laced  i n  a i r t i g h t  l i n e a r  po lye thy l ene  c o n t a i n e r s .  I f  

o rgan i c  m a t e r i a l s  a r e  of primary concern ,  a i r t i g h t  g l a s s  s t o r a g e  con- 

i t a i n e r s  should  be used. Care should  be  t aken  t o  en su re  t h a t  t h e  con- 

I L iqu id  Phase Sample P r e p a r a t i o n  

1 

j 

9. Water and l i q u i d  phase samples  should  b e  p repared  f o r  b ioa s says  

and/or  chemical  a n a l y s i s  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 .  The 

t a i n e r s  a r e  complete ly  f i l l e d  by t h e  samples and t h a t  a i r  bubbles  are 

no t  t rapped  i n  t h e  c o n t a i n e r s .  The samples  should  be s t o r e d  immediate ly  

a t  2 t o  4 ' ~ .  The samples must neve r  be  f r o z e n  o r  d r i e d .  The s t o r a g e  

per iod  should  be  a s  s h o r t  as p o s s i b l e  t o  minimize changes i n  t h e  charac-  

t e r i s t i c s  of t h e  dredged material. It i s  recommended t h a t  t h e  samples 

be processed w i t h i n  two weeks of c o l l e c t i o n .  



l i q u i d  phase may be prepared with dredging s i t e  water  f o r  u se  i n  chemi- 

cal ana lyses  a s  given i n  Appendix C o r  with d i s p o s a l  s i t e  water  f o r  

b ioassay  t e s t i n g  a s  d e t a i l e d  i n  Appendices D and E. The volume of 

s o l u t i o n  needed f o r  chemical ana lyses  w i l l  vary depending upon t h e  

number and type  of ana lyses  t o  be conducted (Appendix C). Appendices D 

and E should be consulted t o  determine the  volumes requi red  f o r  bio- 

assays .  

Apparatus 

10. The fol lowing i t e m s  a r e  requi red .  

Laboratory shaker  capable of shaking 2-!L f l a s k s  a t  approxi- 
mately 100 excursion pe r  min. Box-type o r  wr i s t - ac t ion  
shakers  a r e  acceptab le .  

Several  1 - R  ( o r  l a r g e r )  graduated cy l inde r s .  

Large (15 cm) powder funnels .  

Severa l  2-R large-mouth graduated Erlenmeyer f l a s k s .  

Vacuum o r  p r e s s u r e  f i l t r a t i o n  equipment, i nc lud ing  vacuum 
pump o r  compressed a i r  sobrce  and an a p p r o p r i a t e  f i l t e r  
holder  capable  of accomodating 47-, 105-, o r  155-mm-diam 
f i l t e r s .  

Presoaked f i l t e r s  wi th  a 0.45-p pore-size diameter .  

Centr i fuge capable  of handl ing s i x  1.0- o r  0.5-R c e n t r i -  
fuge  b o t t l e s  and ope ra t ing  a t  3000 t o  5000 rpm. 

P l a s t i c  sample b o t t l e s ,  500-ml capac i ty  f o r  s t o r a g e  of 
water and l i q u i d  phase samples f o r  metal  and n u t r i e n t  
analyses .  

Wide-mouth, 1-gal capac i ty  g l a s s  j a r s  w i th  Teflon-lined 
screw-type l i d s  should be used f o r  sample c o n t a i n e r s  when 
samples a r e  t o  be analyzed f o r  p e s t i c i d e  m a t e r i a l s .  ( I t  
may be necessary  t o  purchase j a r s  and Teflon s h e e t s  
s epa ra t e ly ;  i n  which case ,  t h e  Teflon l i d  l i n e r s  may be  
prepared by t h e  l abo ra to ry  personnel . )  

11. P r i o r  t o  use ,  a l l  glassware,  f i l t r a t i o n  equipment, and f i l t e r s  

should be thoroughly cleaned.  Wash a l l  glassware wi th  d e t e r g e n t ,  r i n s e  

f i v e  t i m e s  w i th  t a p  water ,  p l a c e  i n  a c l e a n  10-percent (or s t r o n g e r )  H C 1  

ac id  ba th  f o r  a minimum of 4 h r ,  r i n s e  f i v e  t imes wi th  t a p  wa te r ,  and 

then r i n s e  f i v e  t imes with d i s t i l l e d  o r  deionized water .  Soak f i l t e r s  

f o r  a minimum of 2 h r  i n  a 5-M H C 1  ba th  and then  r i n s e  10 t i m e s  w i t h  

d i s t i l l e d  water .  It i s  a l s o  a good p r a c t i c e  t o  d i sca rd  t h e  f i r s t  50 m l  



of water o r  l i q u i d  phase f i l t e r e d .  Wash a l l  glassware t o  be  used i n  

and a n a l y s i s  of p e s t i c i d e  res idues  using t h e  e igh t - s t ep  

procedure given i n  t h e  "Manual of Analy t ica l  Methods f o r  t h e  Analysis  

of P e s t i c i d e  Residues i n  Human and Environmental Samples. 112 Flush t h e  

glassware j u s t  before  us ing  wi th  t h e  same so lvent  t o  be used i n  t h e  

p e s t i c i d e  analyses .  

Sample prepara t ion  

12. I n  order  t o  proper ly  prepare  l i q u i d  phase samples f o r  chemical 

analyses  o r  f o r  use  i n  b ioassays ,  t h e  s tepwise procedure g iven  below 

must be followed. For procedura l  reasons,  l i q u i d  phase f o r  chemical 

ana lyses  should be prepared w i t h  dredging s i t e  water ,  and l i q u i d  phase 

f o r  bioassays should be  prepared w i t h  d i sposa l  s i t e  water .  

13. Step 1. Subsample approximately 1 R of sediment from t h e  

well-mixed o r i g i n a l  sample. Mix t h e  sediment and u n f i l t e r e d  d i s p o s a l  

s i t e  o r  dredging s i t e  water  i n  a volumetr ic  sediment-to-water r a t i o  of 

1 : 4  a t  room temperature (22 - + 2 ' ~ ) .  This i s  b e s t  done by t h e  method of 

. i volumetr ic  displacement.  One hundred m l  of u n f i l t e r e d  water  i s  p laced  

i n t o  a graduated Erlenmeyer f l a s k .  The sediment subsample i s  then  care-  

f u l l y  added v i a  a powder funne l  t o  ob ta in  a t o t a l  volume of 300 r n l .  (A 

200-ml volume of sediment w i l l  now be i n  t he  f l a s k . )  The f l a s k  i s  then  

f i l l e d  t o  t h e  1000-ml mark wi th  u n f i l t e r e d  water ,  which produces a 

s l u r r y  with a f i n a l  r a t i o  of one volume sediment t o  four  volumes water .  

I f  t he  volume of l i q u i d  phase r equ i r ed  f o r  bioassay o r  a n a l y s i s  exceeds 

700 t o  800 m l ,  t h e  i n i t i a l  volumes should be p ropor t iona te ly  increased  

i (e.g. ,  mix 400 m l  of sediment and 1600 m l  of wa te r ) .  A l t e r n a t e l y ,  

s e v e r a l  1-2 dredged m a t e r i a l l w a t e r  s l u r r i e s  may be prepared a s  o u t l i n e d  

above and t h e  f i l t r a t e s  combined t o  provide s u f f i c i e n t  l i q u i d  phase. 

14 .  Step 2. 

a .  I n s e r t  an  a i r - d i f f u s e r  tube almost t o  t h e  bottom of t h e  - 
f l a s k .  Compressed a i r  should be  passed through a de- 
ionized wa te r  t r a p  and then  through the  d i f f u s e r  tube and 
t h e  s l u r r y .  The flow r a t e  should be ad jus t ed  t o  a g i t a t e  
t h e  mixture  v igo rous ly  f o r  30 min. I n  a d d i t i o n ,  t he  
f l a s k s  should be  s t i r r e d  manually a t  10-min i n t e r v a l s  t o  
ensure complete mixing. 

b .  I f  i t  i s  known t h a t  anoxic condi t ions  (zero d isso lved  - 



oxygen) w i l l  occur a t  t h e  d i sposa l  s i te  o r  i f  reproduci-  
b i l i t y  of l i q u i d  phase analyses  is  no t  a p o t e n t i a l  problem, 
the  mixing may be accomplished by shaking.  During shaking, 
t he  oxygen demand of t h e  dredged m a t e r i a l  may cause t h e  
d isso lved  oxygen concentrat ion i n  t h e  f l a s k  t o  be reduced 
t o  zero. This  change can a l t e r  t he  r e l e a s e  of chemical 
contaminants from dredged ma te r i a l  t o  t h e  water  and reduce 
t h e  r e p r o d u c i b i l i t y  of t he  l i q u i d  phase tests.3 Shaking is 
accomplished by capping the  f l a s k  t i g h t l y  w i th  a noncontami- 
na t ing  s toppe r  and shaking vigorously on an automatic 
shaker a t  about 100 o s c i l l a t i o n s  p e r  min f o r  30 min. A 
polyfilm-covered rubber s topper  is accep tab le  f o r  minimum 
contamination. 

15. S tep  3. Af t e r  mixing wi th  a i r  o r  shaking,  a l low t h e  suspen- 

s i o n  t o  s e t t l e  f o r  1 h r .  . . 

16. S tep  4. 

a .  I f  a n a l y s i s  of p e s t i c i d e  o r  po lychlor ina ted  biphenyl  (PCB) - 
m a t e r i a l s  i s  des i r ed ,  c a r e f u l l y  decant  an appropr i a t e  
po r t ion  of t h e  superna tan t  a f t e r  t h e  s e t t l i n g  period.  
Samples t o  be analyzed f o r  p e s t i c i d e  o r  PCB m a t e r i a l s  
must be f r e e  of p a r t i c u l a t e s  but  should n o t  be f i l t e r e d ,  
due t o  t h e  tendency f o r  t hese  m a t e r i a l s  t o  adsorb on t h e  
f i l t e r .  However, p a r t i c u l a t e  ma t t e r  can be  removed before  
a n a l y s i s  by high-speed c e n t r i f u g a t i o n  a t  10,000 t i m e s  

gravitZ u s ing  Teflon, g l a s s ,  o r  aluminum c e n t r i f u g e  
tubes.  

b. I f  ana lyses  f o r  nonpes t ic ide  o r  non-PCB m a t e r i a l s  a r e  - 
des i red  o r  i f  l i q u i d  phase b ioassays  a r e  t o  be  conducted, 
a t  t he  end of t h e  s e t t l i n g  per iod ,  c a r e f u l l y  decant  t h e  
superna tan t  i n t o  app ropr i a t e  c e n t r i f u g e  b o t t l e s  and then  
cen t r i fuge .  The t i m e  and rpm's du r ing  c e n t r i f u g a t i o n  
should be  s e l e c t e d  t o  reduce t h e  suspended s o l i d s  concen- 
t r a t i o n  s u b s t a n t i a l l y  and t h e r e f o r e  sho r t en  t h e  f i n a l  
f i l t r a t i o n  process .  Af t e r  c e n t r i f u g a t i o n ,  vacuum o r  
pressure  f i l t e r  approximately 50 m l  of sample through a 
0.45-LI f i l t e r  and d i sca rd  t h e  f i l t r a t e .  F i l t e r  t h e  re -  
mainder of t h e  sample t o  g ive  a c l e a r  f i n a l  s o l u t i o n .  

17. S tep  5. 

a .  Samples t o  be analyzed f o r  p e s t i c i d e  o r  PCB m a t e r i a l s  - 
should immediately undergo so lven t  e x t r a c t i o n ,  a s  de- 
s c r ibed  i n  t h e  a n a l y t i c a l  r e f e rences  given i n  paragraph 3 
Appendix C. The e x t r a c t  may then be  he ld  i n  c l ean  un- 
contaminat ing c o n t a i n e r s  f o r  pe r iods  up t o  t h r e e  o r  fou r  
weeks a t  -15 t o  -20°c b e f o r e  t h e  ana lyses  a r e  performed. 

b .  Samples f o r  me ta l s  a n a l y s i s  should be preserved imme- - 
d i a t e l y  a f t e r  f f l t r a t i o n  by lowering t h e  pH t o  <2 with  



3 t o  5 m l  of concentrated n i t r i c  ac id  per l i t r e . )  High  
p u r i t y  a c i d ,  e i t h e r  purchased commercially o r  prepared by  
a subboi l ing  u n i t ,  must be  used. 

c. Nutrient analyses should be conducted immediately. Acidi- - 
f i c a t i o n  wi th  H SO t o  pH <2 and s t o r a g e  a t  40C may allow 

2 4 
t h e  sample t o  be he ld  f o r  a maximum of 24 h r  f o r  ammonia 
n i t rogen ,  Kje ldahl  n i t rogen ,  and n i t r a t e  n i t rogen  
analyses .5 Storage a t  40C w i l l  a l low hold ing  of samples 
t o  be analyzed f o r  d i sso lved  orthophosphate and t o t a l  
d i sso lved  phosphorus f o r  up t o  24 hr .5  Subsamples t o  be  
analyzed f o r  cyanide should be  preserved w i t h  2 m l  of 1 0  N 
sodium hydroxide pe r  l i t r e  of sample (pH > 12).5 

d. Liquid phase samples t o  be  used i n  b ioassays  must n o t  be - 
preserved o r  s to red .  Bioassays should begin  a s  soon a s  
t h e . l i q u i d  phase i s  prepared. 

~ i s ~ b s a l  S i t e  Water Sample P repa ra t ion  

18. Disposal  s i t e  water  samples a r e  prepared by fol lowing t h e  f i l -  

t r a t i o n  and preserva t ion  s t e p s  discussed i n  paragraphs 11, 16, and 17. 

Suspended P a r t i c u l a t e  Phase Sample P repa ra t ion  

19. The suspended p a r t i c u l a t e  phase, which is  used exc lus ive ly  

f o r  bioassays,  is  prepared i n  a'manner very s i m i l a r  t o  t h a t  f o r  t h e  

l i q u i d  phase. The s t e p s  given i n  paragraphs 11, 13, 14,  and 15 a r e  

followed exac t ly .  The suspended p a r t i c u l a t e  phase is t h e  l i q u i d  and 

t h a t  m a t e r i a l  remaining i n  suspension a f t e r  t h e  1-hr s e t t l i n g  per iod  

( i n  o the r  words, t he  suspended p a r t i c u l a t e  phase i s  an u n f i l t e r e d  

l i q u i d  phase).  With some very  f ine-grained sediments ,  i t  may be 

necessary t o  c e n t r i f u g e  t h e  superna tan t  a f t e r  t h e  1-hr s e t t l i n g  per2od. 

This c e n t r i f u g a t i o n ,  i f  used a t  a l l ,  should be  only enough t o  make t h e  

t e s t  organism's v i s i b l e  dur ing  t h e  bioassay.  The suspended p a r t i c u l a t e  

phase b ioassay  should begin  a s  soon a s  t h e  suspended p a r t i c u l a t e  phase 

is prepared. 



Sol id  Phase Sample Prepara t ion  

20. The s o l i d  phase of dredged m a t e r i a l  i s  used exc lus ive ly  i n  

b ioassays  o r  bioaccumulation s t u d i e s  a s  discussed i n  Appendices F and 

G .  The s o l i d  phase is  def ined  f o r  bioassessment purposes a s  sediments 

of i n  s i t u  d e n s i t y  co l l ec t ed  wi th in  t h e  dredging s i te .  These sediment 

samples should be co l l ec t ed  and s t o r e d  a s  descr ibed  i n  paragraph 8. 

The s o l i d  p h a s e . f o r  u se  i n  bioassays should be prepared immediately 

p r i o r  t o  beginning t h e  bioassays.  Indeed, t h e  s o l i d  phase p repa ra t ion  

is  an i n t e g r a l  p a r t  of t h e  bioassay procedure and is  described i n  

d e t a i l  i n  Appendix F, "Guidance f o r  Performing So l id  Phase Bioassays." 
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APPENDIX C: LIQUID PHASE CHEMICAL ANALYSES 

1. Presen ted  h e r e i n  a r e  p rocedura l  r e f e r ences  fo r  chemical 

a n a l y s e s  of d i s p o s a l  s i t e  wate r  and t h e  l i q u i d  phase o f  dredged 

m a t e r i a l .  Samples must be c o l l e c t e d ,  p rese rved ,  and prepared  accord ing  

t o  d i r e c t i o n s  i n  Appendix B. Trace meta l  ana ly se s  i n  t h e  l i q u i d  phase 

of dredged m a t e r i a l  from s a l i n e  wate rs  a r e  both d i f f i c u l t  and compli- 

c a t e d  because of t h e  high s a l t  content .  Spec i a l  a n a l y t i c a l  methods 

such a s  s o l v e n t  e x t r a c t i o n  p r i o r  t o  meta l  ana ly se s  a r e  o f t e n  r equ i r ed .  

Also,  because of t h e  comparat ively  low background concen t r a t i ons  of 

some c o n s t i t u e n t s  i n  samples o f ' t h i s  type,  t h e  number of r e p l i c a t e  

a n a l y s e s  of composite l i q u i d  phase o r  d i s p o s a l  s i te  wa t e r  samples must 

be c a r e f u l l y  considered.  

Apparatus 

2. The s p e c i f i c  equipment necessa ry  f o r  l i q u i d  phase chemical 

a n a l y s e s  w i l l  va ry  depending on t h e  chemical  c o n s t i t u e n t ( s )  t o  be 

ana lyzed .  Referenced procedure  manuals should be consu l t ed  t o  d e t e r -  

mine s p e c i f i c  needs ,  sample s i z e ,  p roper  c leanup  procedures  f o r  g l a s s -  

ware and o t h e r  appara tus ,  and p o s s i b l e  i n t e r f e r e n c e s  i n  t h e  

a n a l y s i s .  1, 2, 3 

Procedures  

3 .  The l i q u i d  phase may b e  t r e a t e d  a s  a  wate r  sample and ana lyzed  

a s  de sc r i bed  i n  t h e  r e f e r enced  methods. Standard procedures  f o r  ana l -  

y s i s  f o r  s p e c i f i c  c o n s t i t u e n t s  o t h e r  t han  p e s t i c i d e s  and p o l y c h l o r i n a t e d  

b iphenyl  (PCB) m a t e r i a l s  a r e  g iven  i n  Table  C l  and a n a l y t i c a l  p rocedures  

f o r  p e s t i c i d e s  and PCB m a t e r i a l s  a r e  g iven  i n  Table  C2. 

4 .  Prepa re  and ana lyze  t h e  l i q u i d  phase i n  t r i p l i c a t e  and r e p o r t  

t h e  average  concen t r a t i on  of t h e  t h r e e  r e p l i c a t e s  a s  t h e  c o n c e n t r a t i o n  

of t h e  contaminant o f  concern i n  t h e  l i q u i d  phase.  Report  a l l  concen- 

t r a t i o n s  i n  mi l l ig rams  o r  micrograms p e r  l i t r e .  

I n t e r p r e t a t i o n  of R e s u l t s  

5 .  Paragraph 227 .29(a ) ( l )  of t h e  R e g i s t e r  d e f i n e s  t h e  l i m i t i n g  per -  

m i s s i b l e  concen t r a t i on  (LPC) of t h e  l i q u i d  phase  as t h a t  c o n c e n t r a t i o n  



Table C1 

Procedural References for Liquid Phase Analytical Methods for 

Specific Constituents Other than Pesticides and PCBs 

Parameter Reference 1 Reference 2 Reference 3 

Inorganic Constituents 

- Cyanide (total) 

Flouride (total) 

Metals (dissolved) 
Ant imony 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Vanadium 
Zinc 

Nitrogen 
Ammonia 
Nitrate-Nitrite . 

Total Kjeldahl 

Phosphorus 
Tot a1 

Ortho 

Method 413 Method D2036 
p. 361 p. 503 

Method 414A and C Method Dl179 
p. 389 p. 310 

- - 
Method 419C - 

p. 423 

Method 421 - 
p. 437 

Method 425C Method D515 
111 p. 474 p. 387 

Method 425F Method D515 
p. 481 p. 389 

Organic Constituents (except chlorinated hydrocarbons1 

Amines - - - 
Benzidine - - - 
Methyl mercury - - 
Oil and grease p. 229 - 

Step 7.3 

Petroleum hydrocarbons p. 226 - - 
Step 6.3 

Phenol p. 241 Method 510 Method Dl783 
p. 574 ' p. 542 

Phenols (specific) - - Method D2580 
p. 548 
Step 13.1 

Other 
References 

Ref. 4 

Ref. 5 
Step 8.2 

Ref. 6 

- 



Table C 2  

Procedural References f o r  Liquid Phase Analyt ical  Methods f o r  

Pes t i c ides  and PCB Materials 

Parameter Reference 7 Other References 

PCBs ' Section 10 ,  A Reference 8 

Pes t i c ides  : 
N-Aryl carbamates - Reference 9,, Step  9.3 

barban 
chloropropham 
diuron 
l inuron 
monuron 

0-Aryl c arbamates 
baygon 
carbaryl  ( sevin)  
metaci l  
mesural 
zec t ran  

Organochlorine 
a l d r i n  
Dm' 
d i e l d r i n  

, endr in  
toxaphene 

Organophosphorus 
malathion 
methyl para th ion  
para th ion  
guthion 
demeton 
diazinon 
disyston 

Phenoxy a c i d s  
2, LD 
s i l v e x  
2,4,5-T 

Triazines 
a l t r a z i n e  
propazine 

Reference 10 ,  S tep  9.3 

Sect ion 10,  A Reference 11 , Step  9.3 

Sect ion  10 ,  A Refe rence12 ,  S tep  9.3 

- Reference 13 

- Reference 1 4  , Step  9.3 



a t  which none of the  cons t i t uen t s  of concern w i l l  exceed t h e i r  re- 

spec t ive  water-quality c r i t e r i a  a f t e r  allowance f o r  i n i t i a l  mixing. 

Whether the  LPC would be exceeded can be determined by comparing t h e  

volume of t h e  i n i t i a l  mixing zone t o  the  volume of water  required t o  

d i l u t e  the  l i q u i d  phase s u f f i c i e n t l y  t o  meet t h e  water-qual i ty  c r i t e r i a  

f o r  t h e  cons t i t uen t  of concern. The appropr ia te  c a l c u l a t i o n s  a r e  i l l u s -  

t r a t e d  i n  paragraphs 15 through 20 of Appendix H, "Estimation of I n i t i a l  

Mixing." The LPC would be exceeded only i f  t h e  requi red  d i l u t i o n  volume 

exceeds the  volume of the  i n i t i a l  mixing zone. 
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APPENDIX D: GUIDANCE FOR PERFORMING LIQUID PHASE AND SUSPENDED 
PARTICULATE PHASE ANIMAL BIOASSAYS 

I n t r o d u c t i o n  

1. The desc r ibed  b ioassay  of a p p r o p r i a t e  s e n s i t i v e  marine or-  

ganisms can b e  used a s  an a i d  i n  e v a l u a t i n g  t h e  importance o f  d i s s o l v e d  

chemical  c o n s t i t u e n t s  r e l e a s e d  from t h e  sediment d u r i n g  d i s p o s a l  opera-  

t i o n s .  T h i s  procedure  can a l s o  b e  used t o  e v a l u a t e  t h e  e f f e c t  o f  sus -  

pended p a r t i c u l a t e  m a t t e r  t h a t  is p r e s e n t  i n  t h e  w a t e r  column f o r  

c e r t a i n  p e r i o d s  of t i m e  dur ing  d i s p o s a l  o f  dredged m a t e r i a l .  A series 

o f  e x p e r i m e n t a l  t r e a t m e n t s  and c o n t r o l s  a r e  e s t a b l i s h e d  u s i n g  t h e  l i q u i d  

phase  o r  suspended p a r t i c u l a t e  phase  o f  t h e  dredged m a t e r i a l  and d i s -  

p o s a l  s i t e  water .  The t e s t  organisms a r e  added t o  t h e  test chambers and 

incuba ted  under  s t a n d a r d  c o n d i t i o n s  f o r  a p r e s c r i b e d  p e r i o d  o f  t i m e .  

The s u r v i v i n g  organisms a r e  examined a t  a p p r o p r i a t e  i n t e r v a l s  t o  d e t e r -  
I 

mine i f  t h e  test m a t e r i a l  i s  produc ing  a n  e f f e c t .  Phytoplankton bio-  

a s s a y s  r e q u i r e  a somewhat d i f f e r e n t  approach and a r e  d e s c r i b e d  i n  

Appendix E ,  "Guidance f o r  Performing Liqu id  Phase  and Suspended P a r t i c u -  

l a t e  Phase  Phytoplankton Bioassays." 

Apparatus  

i 

1 2. The f o l l o w i n g  i t ems  a r e  r e q u i r e d  f o r  each s e p a r a t e  test series, 

\ 
which c o n s i s t s  o f  one set of c o n t r o l  and test  a q u a r i a  w i t h  t h r e e  r e p l i -  

c a t e s  o f  each.  A p p r o p r i a t e  a d d i t i o n a l  i t e m s  w i l l  b e  needed f o r  e a c h  

a d d i t i o n a l  test series. 

a. Twelve c r y s t a l l i z i n g  d i s h e s  (100 mm x 50 m) t o  b e  used  as - 
t e s t  c o n t a i n e r s  f o r  zoop lank ton  and l a r v a e .  

b .  Covers f o r  t h e  c r y s t a l l i z i n g  d i s h e s .  Shee t s  o f  window - 
g l a s s  o r  c l e a r  p l a s t i c  a r e  s u i t a b l e .  

c .  Twelve 10-gal lon (37.8-R) a l l - g l a s s  a q u a r i a ,  26 cm wide,  - 
5 1  cm long ,  and 3 1  cm deep,  t o  b e  used  a s  test c o n t a i n e r s  
f o r  c r u s t a c e a n s ,  m o l l u s c s ,  and f i s h .  

d. T r a n s f e r  p i p e t t e s  w i t h  a 0.2- t o  0.3-mm bore  s i z e  and - 
rubber  b u l b s ;  t r a n s f e r  p i p e t t e s  w i t h  7- t o  9-mm b o r e  s i z e .  



e .  Fine-mesh d ip  n e t s .  - 
f .  F a c i l i t y  f o r  maintaining constant temperature and appro- - 

p r i a t e  photoperiod i n  the  t e s t  containers .  Any incubator  
t h a t  allows c o n t r o l  of the  temperature wi th in  + 1°C and 
provides acceptable  l i g h t i n g  w i l l  s u f f i c e .  . COZ-white 
f lourescent  l i g h t i n g  loca ted  above the t e s t  u n i t s  a t  a  
d is tance  of approximately 0.5 t o  1 m should be used. 

g. A l i g h t  box with i l luminat ion  from below f o r  ease  i n  
counting zooplankton and la rvae .  

Species Selec t ion  

3 .  Liquid phase and suspended p a r t i c u l a t e  phase bioassays must 

u t i l i z e  appropriate  s e n s i t i v e  marine organisms a s  described i n  para- 

graph 227.27(c) of the R e r i s t e r  (see Appendix A ) .  The s e n s i t i v i t y  of 

a l l  bioassays is  dependent p r imar i ly  on t h e  se l ec t ion  of appropr ia te  

species .  

4. I f  a t  a l l  poss ib le  t h e  test spec ies  should be co l l ec ted  from a  

and s u b s t r a t e  sedimentology, b u t  wi th  no recent  h i s t o r y  of d i sposa l .  

They should be  the  same spec ies  o r  be c l o s e l y  r e l a t ed  t o  those spec ies  

t h a t  n a t u r a l l y  dominate b i o l o g i c a l  assemblages i n  the  v i c i n i t y  of the  

d i s p o s a l  s i t e  i n  the  season of t h e  proposed operat ion.  Experience has 

shown t h a t  with reasonable c a r e  it is p o s s i b l e  t o  c o l l e c t  t e s t  organ- 

i s m s  from wild populations and mainta in  them under cont ro l led  cond i t ions  

wi th  low mor ta l i ty .  However, a  pre l iminary  study of the  a b i l i t y  of 

f i e ld -co l l ec ted  t e s t  organisms t o  acc l imate  t o  labora tory  condi t ions  is  

h igh ly  des i r ab le .  

5. I f  i t  i s  not p r a c t i c a l  t o  use t h e  dominant species  co l l ec ted  

from near  t h e  d isposa l  s i t e ,  t e s t  s p e c i e s  may be se l ec ted  from Table D l  

i f  they a r e  chosen so t h a t ,  i n s o f a r  a s  p o s s i b l e ,  they a r e  r e l a t ed  

phylogenet ica l ly  and/or by e c o l o g i c a l  requirements t o  t h e  dominant 

appropr ia te  s e n s i t i v e  marine organisms expected i n  t h e  a rea  of t h e  

d i sposa l  s i te  a t  t he  t i m e  of t h e  proposed opera t ion .  Commercially 

I 

included i f  des i red .  I n  Table D l ,  s p e c i e s  a r e  no t  l i s t e d  i n  order  of , 
: 

D2 



Table D l  

Recommended Appropriate Sens i t ive  Marine Organisms f o r  Use i n  
Liquid Phase and Suspended P a r t i c u l a t e  Phase Bloassays* 

Zooplankton Crustacean o r  Mollusc 

Copepod s , Acartia sp . Mysid shrimp, %sidopsis sp. ** 
Neomysis sp** Larvae of recommended 

crustacean o r  mollusc Grass shrimp, Palaemonetes ep. 
species  Palaemon sp. 

Commercial shrimp, Penaeus sp . 
Sand shrimp, Crangon sp. 

Oceanic. shrimp, PandaZus sp. 

American l o b s t e r ,  Homrua americanus 

Blue crab,  Caztinectes sapidus 

Cancer crab,  Cancer sp. 

Amphipods , AmpeZisca sp . 
Paraphorns sp. 

Cumacean, Xasty lopis sp . 
Macoma clam, Macoma sp. 

Nucula clam, Nucula sp. 

Yoldia clam, Yoldia sp. 

Surf clam, Spisuk solidissima 

Hard clam (quahog), Mercenaria sp. 

Ocean quahog, Arctica islandica 

Scal lop,  Argopectin sp.  
Aequipectin sp. 

Gema clam, Gema g m a  

Edible mussel, Mytitus edulis 

Fish 

Group I 

S i lve rs ides ,  Menidia sp.  

Pinf i s h  , Lagodon rhombiodes 

Spot, Leiostomus xanthurus 

Shiner perch, Cymatogaster aggregata 

Group I1 

English s o l e ,  Parophrys oetulus 

Flounder, Platichthys sp. 
~aral ichthys  sp.  
Limanda sp.  

Group 111 

Sheepshead minnow, Cyprinodon 
o d e g a t u s  

~ m i c h o g  , Fundulus heteroclitus 

K i l l i f i s h ,  Fundulus sp . 

L i s t s  a r e  no t  i n  order  o f  preference o r  d e s i r a b i l i t y  except f o r  t h e  groups of  f i sh .  

** A l l  l i q u i d  phase and suspended p a r t i c u l a t e  phase bioassays should include one o f  these  species.  



preference,  except t h a t  t h e  f i s h  of group I a r e  t h e  most d e s i r a b l e  f o r  

b ioassay  purposes, and those i n  group I11 a r e  considered gene ra l ly  l e s s  

l i k e l y  t o  be s e n s i t i v e  i n d i c a t o r s  of p o t e n t i a l  e f f e c t s .  

6 .  A l l  l iqu id  phase and suspended part iculate  phase bioassays 

should inc lude  a spec i e s  of mysid shrimp of t h e  genus Mysidopsis o r  

Neomysis. This w i l l  provide an i n t e r n a l  s tandard i n  a l l  b ioassays  and 

form a b a s i s  f o r  q u a l i t y  assurance i n  t h e  r egu la to ry  program. 

7. It i s  recommended t h a t  juveni le  forms, p a r t i c u l a r l y  of f i s h ,  be 

u t i l i z ' ed  because of t h e i r  gene ra l ly  g r e a t e r  s e n s i t i v i t y  than  a d u l t s .  

The wet weight of i nd iv idua l  t e s t  specimens shou ld 'no t  be g r e a t e r  than  

3 g. Molluscs genera l ly  a r e  r e l a t i v e l y  r e s i s t a n t  t o  many t o x i c a n t s  and 

t h e r e f o r e  a r e  o f t e n  undes i r ab le  f o r  bioassays,  bu t  they  a r e  very  u s e f u l  

f o r  bioaccumulation s t u d i e s .  I f  used i n  bioassays,  t hey  should be l e s s  

than  2 cm long. To avoid p reda t ion ,  i t  probably w i l l  b e  necessary  t o  

conduct t he  bioassay with p o t e n t i a l  p reda tor  and prey s p e c i e s  i s o l a t e d  

from each o the r .  For example, f i s h  and zooplankton o r  l a r v a e  must be 

separa ted  t o  avoid predat ion.  The i d e n t i t y  of a l l  test  s p e c i e s  must 

be v e r i f i e d  by experienced taxonomists.  I f  t h e  b ioassay  animals a r e  

a l s o  t o  be used i n  e s t ima t ing  bioaccumulation p o t e n t i a l ,  spec i e s  s e l ec -  

t i o n  should cons ider  t h e  f a c t o r s  discussed i n  paragraphs 5, 6 ,  and 7 of 

Appendix G ,  "Guidance on Assessing Bioaccumulation P o t e n t i a l . "  

8. Whatever t h e  source  of t h e  animals,  c o l l e c t i o n  and handl ing  

should be a s  g e n t l e  a s  poss ib l e .  Transpor ta t ion  t o  t h e  l abo ra to ry  

should be i n  wel l-aerated water  from t h e  animal c o l l e c t i o n  s i t e  i n  

which t h e  animals a r e  held a t  t h e  temperature and s a l i n i t y  from which 

they were obtained. Animals from es t ab l i shed  l a b o r a t o r y  popula t ions  

may, of course,  be he ld  i n d e f i n i t e l y ,  bu t  animals  c o l l e c t e d  from t h e  

f i e l d  should be he ld  i n  t h e  l a b o r a t o r y  no more than  two weeks be fo re  

bioassays a r e  begun. During t h i s  per iod they must be g radua l ly  a c c l i -  

mated t o  t h e  s a l i n i t y  and tempera ture  a t  which t h e  b ioassay  w i l l  be  

conducted. Acclimation from one seasonal  extreme t o  t h e  o the r  should 

be avoided. Methods f o r  c o l l e c t i n g ,  handl ing,  acc l ima t ing ,  and s i z i n g  

bioassay organisms given i n  "Bioassay Procedures f o r  t h e  Ocean Disposal  

~ r o ~ r a m " '  and "Standard Methods f o r  t h e  Examination of Water and 



wastewater112 should be followed i n  a l l  mat te rs  f o r  which no guidancc 

i s  given here .  

Sample Col lec t ion  and Preserva t ion  

9. Sediment and water samples a r e  co l l ec t ed  and s t o r e d  and t h e  

l i q u i d  phase and suspended p a r t i c u l a t e  phase a r e  prepared a s  descr ibed 

i n  Appendix B ,  "Dredged Mate r i a l  Sample Co l l ec t ion  and Preparat ion."  

Water c o l l e c t e d  from t h e  d i sposa l  s i t e  should be  used i f  a t  a l l  pos s ib l e .  

Otherwise uncontaminated seawater o r  an  a r t i f i c i a l  s e a  s a l t s  mixture 

( such .as  t h a t  given on page 32 of Reference 1 )  of t h e  proper  s a l i n i t y  

may be used. 
I 
1 

Experimental Conditions 

10. Liquid and suspended p a r t i c u l a t e  phase b ioassays  should be 

I conducted a t  a s a l i n i t y  near  t h a t  expected a t  t h e  d i s p o s a l  s i t e  a t  t h e  
I 

time of t h e  proposed opera t ion .  Experimental temperature should be held 
0 

s t a b l e  w i th in  + 2 C of a temperature approximating t h a t  expected a t  t h e  

d i sposa l  s i te  i n  t h e  season of t h e  proposed opera t ion .  Recommended ex- 

I perimental  temperatures  a r e  given on a s easona l  b a s i s  f o r  va r ious  zoo- 

geographic a r e a s  i n  t h e  fol lowing t abu la t ion .  
P 

I 
Summer Winter CE Divis ion  EPA Region 

20 5 New England, North A t l a n t i c  I, 11*, I11 

25 12 South A t l a n t i c ,  Lower M i s s i s s i p p i  Val ley ,  I V ,  V I  
Southwestern 

I 
I 1 0  1 0  North P a c i f i c ,  South P a c i f i c  IX**, X 

25 25 P a c i f i c  Ocean IX** 
I 

* Puerto Rico and Virg in  I s l a n d s  a r e  i n  EPA Region 11, but  should use 
temperatures recommended f o r  Region I V .  

** Mainland p o r t i o n s  of Region I X  should use  South P a c i f i c  Divis ion 
temperatures;  P a c i f i c  i s l a n d  po r t ions  of Region I X  should use Paciflc 
Ocean Divis ion  temperatures .  



11. Dissolved oxygen should not  be allowed t o  f a l l  below 4 ppm, 

u n l e s s  t h e r e  i s  reason t o  be l i eve  t h a t  depression t o  lower l e v e l s  would 

occur  f o r  a  s u b s t a n t i a l  period of time i n  t h e  f i e l d  dur ing  t h e  proposed 

d i sposa l  opera t ion  o r  i f  lower l e v e l s  occur n a t u r a l l y  a t  t h e  s i t e .  
2  

Light  i n t e n s i t y  should be approximately 1200 pw/cm us ing  cool-white 

f lou rescen t  bulbs with a  14-hr l i g h t  and 10-hr dark cyc le .  The tempera- 

t u r e ,  s a l i n i t y ,  dissolved oxygen, and pH i n  t h e  t e s t  conta iners  shou.ld 

be measured and reported da i ly .  

12. Glassware must be extremely clean.  Wash a l l  glassware wi th  

de tergent ,  r i n s e  f i v e  times wi th  t ap  water,  p lace  i n  a  clean 10-percent 

H C 1  ac id  ba th  f o r  a  minimum of 4 h r ,  r i n s e  f i v e  times wi th  tap  water ,  

and then r i n s e  f i v e  times wi th  d i s t i l l e d  water.  

13. Es t ab l i sh  treatment l e v e l s  using d i sposa l  s i t e  water  and 

l i q u i d  phase o r  suspended p a r t i c u l a t e  phase of t h e  ma te r i a l ,  prepared a s  

described i n  Appendix B. A minimum of t h r e e  r e p l i c a t e s  of each ex- 

perimental  and con t ro l  condit ion must be used. More r e p l i c a t e s  should 

be used whenever poss ib le ,  a s  t h i s  w i l l  i nc rease  the  s e n s i t i v i t y  and 

r e l i a b i l i t y  of t h e  t e s t .  The f i n a l  l i q u i d  volume i n  each d i s h  i s  200 m l  

and i n  each aquarium is  30 R. 

14. The following concent ra t ions  of t h e  t e s t  m a t e r i a l  a r e  recom- 

mended a s  a  minimum, with more being d e s i r a b l e  whenever possible .  

Percent  
Liquid Phase 

Percent  Suspended 
P a r t i c u l a t e  Phase 

Percent  
Disposal  S i t e  Water 

Percent 
Disposa l  S i t e  Water 

The fol lowing con t ro l s  should be used f o r  each phase: 

a .  100-percent f r e s h  c u l t u r e  water  of  the  type i n  which - 
t he  animals have been he ld  p r i o r  t o  t e s t ing .  



b. I f  t he  bioassays a r e  conducted with d i s p o s a l  s i t e  water ,  - 
i t  i s  advisable  t o  e s t a b l i s h  an a d d i t i o n a l  c o n t r o l  of 
100-percent d i s p o s a l  s i t e  water.  

15. Ten organisms a r e  exposed i n  each t e s t  d i s h  o r  aquarium. 

Ind iv idua l  organisms must be randomly assigned t o  t rea tments .  Make 

every a t tempt  t o  c o l l e c t  animals of approximately equal  s i z e .  U s e  a 

p i p e t t e  t o  t r a n s f e r  zooplankton and l a r v a e  from t h e  l abo ra to ry  c u l t u r e  

v e s s e l  t o  t he  t e s t  conta iners .  Care must be taken dur ing  t h e  t r a n s f e r  

process  t o  ensure t h a t  a i r  is no t  t rapped on t h e  zooplankton and l a r v a e .  

P l ace  t h e  p i p e t t e  under t he  s u r f a c e  of t h e  l i q u i d  i n  t h e  t e s t  con ta ine r  

and g e n t l y  r e l e a s e  the  l i q u i d  and animal i n t o  t h e  t e s t  s o l u t i o n .  Juve- 

n i l e  and a d u l t  crustaceans,  molluscs ,  and f i s h  a r e  t r a n s f e r r e d  t o  t h e  

test con ta ine r s  i n  fine-mesh n e t s .  Submerge t h e  n e t  i n  t h e  t e s t  con- 

t a i n e r  and gen t ly  eve r t  i t ,  r e l e a s i n g  t h e  animals.  During t h i s  process ,  

t r a n s f e r  t h e  minimum amount of c u l t u r e  medium p o s s i b l e  wi th  each animal  

and use  a d i f f e r e n t  p i p e t t e  o r  n e t  f o r  each concent ra t ion  of t e s t  so lu-  

t i o n .  The utmost c a r e  should be taken  when t r a n s f e r r i n g  any of t h e  

animals from holding f a c i l i t i e s  t o  t h e  exposure con ta ine r s  t o  avoid 

damaging t h e  organisms. Discard any animals  t h a t  a r e  dropped o r  physi- 

c a l l y  abused during t h e  t r a n s f e r .  Never touch animals by hand. Refer- 

ence 1 and 2 provide d e t a i l e d  i n s t r u c t i o n s  on handl ing and t r a n s f e r  

procedures.  

16. Cover t he  d i shes  and incuba te  t h e  test conta iners  i n  an appro- 

p r i a t e  t e s t  chamber. Pos i t i on ing  of t h e  test con ta ine r s  holding va r ious  

concen t r a t ions  of test s o l u t i o n  must be randomized. The test medium is  

n o t  rep laced  dur ing  t h e  96-hr exper imenta l  per iod .  No a e r a t i o n  is  

suppl ied  (un le s s  ind ica ted  by t h e  c o n s i d e r a t i o n s  i n  paragraph l l ) ,  and 

the  t e s t  medium i s  n o t  s t i r r e d .  Therefore ,  some sedimentat ion w i l l  t a k e  

p l ace  dur ing  suspended p a r t i c u l a t e  b ioas says ,  and a t  the end of t h e  t e s t  

only very f i n e  p a r t i c l e s  w i l l  remain i n  suspension.  

17 .  Observations should be  made a t  0 ,  4 ,  8, 24, 48, 72, and 96 h r .  

Animals a r e  counted v i s u a l l y  a t  each obse rva t ion  t i m e  with t h e  a i d  of a 

l i g h t  box o r  d i s s e c t i n g  microscope i f  necessary .  Take c a r e  t o  minimize 

s t r e s s e s  on t h e  animals dur ing  count ing .  Counting should be done 



quickly  and t h e  animals immediately re turned  t o  t h e  t e s t  con ta ine r s .  

Death i s  the  end poin t ,  s o  t h e  number of l i v i n g  organisms i s  recorded. 

Death i s  determined by l ack  of movement a f t e r  a g e n t l e  s w i r l  of t h e  d i s h  

o r  gent le ' touching  of a s e n s i t i v e  p a r t  with a probe. All crus taceans ,  

both l a r v a l  and adul t ,  molt a t  r egu la r  i n t e r v a l s ,  shedding a complete 

exoskeleton. Care should be taken not t o  count an exoskeleton a s  a 

dead animal. Dead animals may decompose o r  be eaten between observa t ions .  

Therefore,  always count l i v i n g ,  not  dead animals. Remove dead organisms 

and molted exoskeletons a t  each observa t ion  with a p i p e t t e  o r  forceps .  

Care must be taken not t o  d i s t u r b  l i v i n g  organisms and t o  minimize t h e  

amount of l i q u i d  withdrawn. 

Data Analysis and I n t e r p r e t a t i o n  

18. The c r i t e r i a  r e q u i r e  t h a t  l i q u i d  and suspended p a r t i c u l a t e  

phase bioassay r e s u l t s  be i n t e r p r e t e d  i n  view of t h e  mixing and d i l u t i o n  

expected a t  t he  d i sposa l  s i t e .  According t o  Sect ion 227.13 of t h e  

Regis te r ,  dredged ma te r i a l  can be considered environmentally acceptable  

f o r  ocean d i sposa l  only i f  b ioassay  r e s u l t s  and i n i t i a l  mixing e s t ima tes  

i n d i c a t e  t h a t  t h e  l i m i t i n g  pe rmiss ib l e  concent ra t ion  (LPC) w i l l  n o t  be 

exceeded (Section 227.27). Therefore,  bioassay r e s u l t s  cannot be 

i n t e r p r e t e d  u n t i l  i n i t i a l  mixing c a l c u l a t i o n s  a r e  performed, a s  de- 

scr ibed  i n  Appendix H,  "Estimation of I n i t i a l  Mixing." Procedures i n  

t h i s  s e c t i o n  apply t o  both l i q u i d  phase and suspended p a r t i c u l a t e  phase 

bioassays of a l l  appropr ia te  s e n s i t i v e  marine organisms. 

Data p resen ta t ion  

19. Complete s u r v i v a l  d a t a  i n  a l l  t e s t  conta iners  a t  each observa- 

t i o n  time should be presented a s  shown i n  Table D2. The spec ie s  must 

be i d e n t i f i e d  by s c i e n t i f i c  name. I f  g r e a t e r  than 10-percent m o r t a l i t y  

occurs  i n  t h e  con t ro l s ,  a l l  d a t a  must be discarded and t h e  experiment 

repeated.  Control m o r t a l i t i e s  of 20 percent  may be acceptable i n  zoo- 

plankton and l a r v a l  b ioassays .  Unacceptably high c o n t r o l  m o r t a l i t y  

i n d i c a t e s  the  presence of impor tant  s t r e s s e s  on t h e  organisms o t h e r  

than  t h e  m a t e r i a l  being t e s t e d ,  such a s  i n j u r y  o r  d i sease ,  s t r e s s f u l  





phys i ca l  o r  chemical condi t ions  i n  the  t e s t  con ta ine r s ,  o r  improper 

handling, accl imation,  o r  feeding.  I f  l e s s  than 10-percent (o r  20- 

percent )  mor t a l i t y  occurs  i n  the  con t ro l s ,  t he  da t a  may be evaluated.  

S t a t i s t i c a l  a n a l y s i s  

20. To a s ses s  the  p o s s i b i l i t y  of unacceptable adverse impacts i n  

t he  water column, i t  i s  necessary t o  s t a t i s t i c a l l y  compare the  96-hr 

s u r v i v a l  i n  t h e  appropr ia te  c o n t r o l  t o  s u r v i v a l  i n  t h e  100-percent t e s t  

medium and then t o  determine the  LPC. I f  m o r t a l i t i e s  a r e  s i m i l a r  i n  

both con t ro l s ,  t he  c u l t u r e  water  con t ro l  i s  appropr i a t e  f o r  comparison 

t o  the  100-percent t e s t  medium, Higher mor t a l i t y  i n  t h e  d i s p o s a l  s i ' t e  

water con t ro l  i n d i c a t e s  a p o t e n t i a l l y  adverse e f f e c t  of t he  water  a t  

t he  d i sposa l  s i t e .  I n  t h i s  case  the  d i sposa l  s i t e  c o n t r o l  i s  the  appro- 

p r i a t e  one f o r  comparison wi th  t h e  100-percent t e s t  medium i n  o r d e r  t o  

es t imate  what, i f  any, a d d i t i o n a l  e f f e c t  might be caused by t h e  proposed 

d i sposa l .  

21. It is  poss ib l e  t h a t  t he  l i q u i d  and suspended p a r t i c u l a t e  phases 

of some dredged m a t e r i a l s  w i l l  cause no mor t a l i t y ,  and t o t a l  s u r v i v a l  

i n  t he  t e s t  medium may be equa l  t o  o r  h igher  than s u r v i v a l  i n  t h e  con- 

t r o l s .  I f  s o ,  v i s u a l  i n spec t ion  of t h e  d a t a  is  adequate  and no s t a t i s -  

t i c a l  analyses  a r e  needed. Such cases  have been documented and i n  no 

way r e f l e c t  on the  q u a l i t y  of t h e  bioassay,  simply i n d i c a t i n g  an  absence 

of l e t h a l  e f f e c t s  of the  dredged ma te r i a l .  The LPC cannot be p r e c i s e l y  

spec i f i ed  i n  such cases  because t h e  acu te ly  t o x i c  concen t r a t ion  cannot 

be determined, bu t  is known t o  be a t  l e a s t  100-percent t e s t  medium con- 

cen t r a t ion .  However, i f  t h e  a c u t e l y  t o x i c  concen t r a t ion  is  assumed t o  

be 100-percent t e s t  medium concen t r a t ion ,  t he  LPC could be exceeded only 

i f  t he  c a l c u l a t i o n s  from t h e  appropr i a t e  p a r t  of Appendix H p red ic t ed  

d i l u t i o n  by a  f a c t o r  of 0 .01  o r  l e s s  dur ing  i n i t i a l  mixing. 

22. I f  s u r v i v a l  i n  t h e  app ropr i a t e  c o n t r o l  i s  h igher  than  t h a t  i n  

the  100-percent t e s t  medium a f t e r  96 h r ,  these  s e t s  of d a t a  must be 

compared s t a t i s t i c a l l y  by u s e  of t h e  t - t e s t  a s  i l l u s t r a t e d  below us ing  

t h e  d a t a  from Table D2. Before c a l c u l a t i o n  of t ,  i t  i s  necessary t o  

determine whether t h e  v a r i a n c e s  of t h e  two s e t s  of d a t a  a r e  homogeneous. 

This is determined by Cochran's t e s t  f o r  t h e  homogeneity of va r i ances ,  



i n  which C i s  ca l cu l a t ed  a s  t h e  r a t i o  of t h e  l a r g e s t  v a r i a n c e  t o  t h e  sum 

of a l l  t h e  var iances .  

where 
2 

= l a r g e r  va r i ance  of e i t h e r  t he  c o n t r o l  d a t a  o r  t h e  100- 
Smax percent  test medium d a t a ,  c a l c u l a t e d  a s  i n  the example 

of paragraph 25 

1s2 = sum of bo th  va r i ances  

23. This  C-value i s  eva lua ted  by comparing i t  t o  t h e  t abu la t ed  C- 

va lue  given i n  t h e  t a b l e  t h a t  i s  Enclosure 1 t o  t h i s  appendix. I n  t h e  

t a b l e ,  k is t h e  number of t reatment  va r i ances  summed i n  t h e  denominator 

(2 i n  t h i s  c a s e ) ,  and v i s  one l e s s  than the  number of obse rva t ions  con- 

t r i b u t i n g  t o  each va r i ance  (3 - 1 = 2 i n  t h i s  c a s e ) .  Therefore ,  t h e  

tabula ted  v a l u e  of C i n  t h i s  example i s  0.9750. 

24. I f  t h e  ca l cu l a t ed  C-value i s  smal le r  than  t h e  t abu la t ed  C- 

va lue ,  a s  i t  i s  he re ,  t h e  c a l c u l a t e d  va lue  i s  n o t  s i g n i f i c a n t  a t  t he  95- 

percent  confidence l e v e l ,  and the  va r i ances  may b e  considered homogene- 

ous; I f  t h e  ca l cu l a t ed  C-value i s  l a r g e r  than t h e  t a b u l a t e d  C-value, 

t he  va r i ances  a r e  no t  homogeneous. I n  such c a s e s ,  a l l  d a t a  should be 

transformed i n  o rde r  t o  achieve homogeneity of va r i ances .  Such t rans-  

I formations a r e  performed on each datum by ob ta in ing  e i t h e r  t h e  n a t u r a l  

logari thm of (X + 1 )  o r  t h e  a r c s i n  where X i s  t h e  datum. I n  o rde r  

t o  use  t h e  a r c s i n  &-transformation, t he  d a t a  must be  i n  t h e  form of a 

percent  expressed a s  a decimal f r a c t i o n  ( i . e . ,  0.80 s u r v i v a l ,  n o t  80- 

percent  s u r v i v a l ) .  Reca lcu la te  t h e  C-value u s ing  d a t a  transformed by 

e i t h e r  of t he se  methods. I f  va r i ances  a r e  now found t o  b e  homogeneous, 

use the  transformed d a t a  i n  a l l  t - c a l c u l a t i o n s .  I f  v a r i a n c e s  a r e  s t i l l  

nonhomogeneous, t i s  c a l c u l a t e d  by us ing  t h e  o r i g i n a l  d a t a ,  w i th  a 

d i f f e r e n t  eva lua t ion  g iven  i n  paragraph 27. 

25. The t-value f o r  t he  96-hr c o n t r o l  and 100-percent t e s t  medium 

da t a  i n  Table D2 is c a l c u l a t e d  a s  fo l lows:  
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Number of Surv ivors  
Repl ica te  Control 100% t e s t  medium 

1 10 
2 8 
3 10  - 

sum of da t a  = CX = 28 

CX 
mean ii = - = 

n 
9.33 3.00 

2 
sum of squares  SS = C(X-2) = 2.67 2.00 

2 SS 
va r i ance  S = - = 1.33 

n-1 
1.00 

where 

- ? l O O 1 =  abso lu te  v a l u e  of mean of c o n t r o l  minus mean of t h e  
100-percent test medium d a t a  

2 2 
S and SIOO = var iances  f o r  c o n t r o l  and 100-percent t e s t  medium 

C da ta ,  r e s p e c t i v e l y  

n = number of d a t a  p o i n t s  i n  each set 

26. This  t-value i s  eva lua ted  by comparing i t  t o  t he  t abu la t ed  t- 

va lue  given i n  Reference 3 a t  t h e  0.05-probabi l i ty  l e v e l  w i th  t h e  appro- 

p r i a t e  degrees of freedom ( d f ) ;  i n  t h i s  case ,  2(n-1) = 4. It is  

important t h a t  t h e  t a b u l a t e d  t va lue  be obta ined  from a t a b l e  l abe l ed  
.05 

"one-tailed t values" o r  "t va lues ,  s i g n  considered," o r  some s i m i l a r  

designat ion.  A l t e r n a t i v e l y ,  t h e  app ropr i a t e  t -value may be obta ined  

from a s tandard  t a b l e  a t  t h e  0 .1-probabi l i ty  l e v e l .  I n  t h i s  example, 

t h e  app ropr i a t e  t value is: 

Since t h e  c a l c u l a t e d  t -value i s  l a r g e r  than  t h e  t abu la t ed  t -value,  t h e  

d i f f e r ence  between the  c o n t r o l  s u r v i v a l  and t h e  100-percent test medium 

s u r v i v a l  is s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  95-percent confidence l e v e l .  



27.  When var iances  of both t h e  o r i g i n a l  and transformed t l r i t r ~  art! 

nonhomogeneous, analyze the  o r i g i n a l  da ta  a s  described above. Howuvsr ,  

when nonhomogeneous da ta  a r e  analyzed, t he  ca lcula ted  t -value must I I ~ .  

evaluated by comparing i t  t o  t h e  tabula ted  va lue  f o r  (n-1) = 2 d f , '  

ins tead  of 2(n-1) = 4 d f .  This i n  e f f e c t  r a i s e s  the  t abu la t ed  t-value, 

making a d i f f e rence  l e s s  l i k e l y  t o  be de tec ted .  

28. I f  no s t a t i s t i c a l  d i f f e rence  a t  . t he  95-percent confidence 

l e v e l  had been shown between su rv iva l  i n  the  c o n t r o l  and t e s t  medium, 

t h e  s i t u a t i o n  with regard t o  t h e  LPC would be i d e n t i c a l  t o  t h a t  described 

i n  paragraph 21.  I f  no d i f f e rence  a t  the  95-percent confidence l e v e l  

is shown between su rv iva l  i n  t h e  c o n t r o l  and t e s t  medium, no e f f e c t  of 

t he  l i q u i d  o r  suspended p a r t i c u l a t e  phase could be  predic ted  f o r  t h e  
I 

I d i sposa l  s i t e ,  even i f  no d i l u t i o n  occurred f o r  96 h r .  This  obviously 

w i l l  not a c t u a l l y  occur a t  any ocean d i sposa l  s i t e .  Thus, when no. 

d i f f e rences  a r e  de tec ted  between c o n t r o l  and t e s t  s u r v i v a l  a f t e r  96 h r ,  ! 
t h e  a n a l y s i s  may be considered complete a t  t h i s  point  with no i n d i c a t i o n  

of p o t e n t i a l  impact of the  l i qu id ,  (or  suspended p a r t i c u l a t e )  phase i f  
' 

I 
t h e  proposed d i sposa l  ope-ration occurs.  

I 29. However, some dredged m a t e r i a l  may produce d a t a  such a s  t h e  

1 example from Table D2, which showed a s t a t i s t i c a l l y  s i g n i f i c a n t  reduc- 

t i o n  i n  s u r v i v a l  a f t e r  96-hr exposure t o  100-percent t e s t  medium. I n  

1 such cases  i t  i s  necessary t o  compare bioassay r e s u l t s  t o  t h e  mixing 
, 
I and d i l u t i o n  expected a t  t h e  d i s p o s a l  s i t e  i n  order  t o  determine whether 

1 t he  LPC would be  exceeded. Only then  can a p red ic t ion  be  made of t h e  

I 
l ike l ihood of adverse e f f e c t s  i n  t h e  water  column i f  t he  d i sposa l  occurs .  

Limiting permiss ib le  concent ra t ion  

30. The l ike l ihood  of adverse e f f e c t s  i s  evaluated by f i r s t  con- 

s t r u c t i n g  a t ime-concentration m o r t a l i t y  curve from t h e  bioassay d a t a ,  

which can be compared g raph ica l ly  t o  t h e  time-concentration r e l a t i o n s h i p  

f o r  d i l u t i o n  of the  m a t e r i a l  a s  c a l c u l a t e d  i n  Appendix H ,  "Estimation 

of I n i t i a l  Mixing." A t ime-concentration m o r t a l i t y  curve i s  constructed 

from the  bioassay da ta  by c a l c u l a t i n g  the  LC50 ( l e t h a l  concent ra t ion  t o  

50 percent  of t h e  sample) f o r  each observa t ion  time. This  is poss ib l e  

only when 50-percent o r  g r e a t e r  m o r t a l i t y  a c t u a l l y  occurs  i n  the h ighes t  
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concent ra t ion  of t e s t  medium. Thus f o r  

can be ca l cu la t ed  f o r  t h e  72- and 96-hr 

l i e r  observat ions.  Calcu la t ion  of LC50 
m 

t h e  da t a  i n  Table D2, a n  LC50 

observa t ions ,  b u t  no t  f o r  ea r -  

values can be  performed by a 
L 

v a r i e t y  of methods; where v e r i f i e d  computer programs a r e  no t  a v a i l a b l e ,  

t h e  method of L i t c h f i e l d  and wilcoxon4 is recommended. A sample calcu-  

l a t i o n  us ing  t h e  da t a  from Table D2 is given i n  the. fol lowing paragraphs. 

31. Mor ta l i ty  of a t  l e a s t  50 percent  was f i r s t  observed a f t e r  

72 h r .  The 72-hr LC50 is ca l cu la t ed  by ar ranging  t h e  72-h.r experimental  

d a t a  from Table D2 a s  shown i n  t h e  f i r s t  t h r e e  columns of t h e  fo l lowing  

t abu la t ion .  

Percent  Dead 
Percent  Dead / Observed Minus Cont r ibut ion  

Dose Tested Observed Expected Expected t o  X2 

10 2/30 6.7 2.0 4 .7 .  0.110 
5 0 8/30 26.7 30.0 3.3 0.005 

100 17/30 56.7 57.0 0.3 0.000 

0.115 
x 30 

2 Overa l l  con t r ibu t ion  t o  x = 3.45 

32. Spec ia l  so-cal led "p robab i l i t y  paper1' i s  then  used t o  p l o t  ob- 

served percent  dead on t h e  p r o b a b i l i t y  a x i s  a g a i n s t  concent ra t ion  of 

t e s t  medium, a s  with t h e  c losed  c i r c l e s  and s o l i d  l i n e  i n  F igure  D l .  A 

l i n e  appearing t o  f i t  t h e  d a t a  i s  then  drawn through t h e  p l o t t e d  po in t s .  

Column 4 of t h e  preceding t a b u l a t i o n  i s  t h e  percent  dead "predicted" a t  

t h e  t e s t  concent ra t ions  by t h e  l i n e  j u s t  drawn. Column 5 is t h e  abso lu t e  

va lue  of t h e  d i f f e r ence  between columns 3 and 4. Column 6, t h e  c o n t r i -  
2 2 

bu t ion  of Chi (X ), is obta ined  from Nomograph l , i n  t h e  paper by 

L i t c h f i e l d  and ~ i l c o x o n . ~  The i n d i v i d u a l  c o n t r i b u t i o n s  t o  X2 a r e  summed 

and mul t ip l i ed  by t h e  number of animals p e r  dose,  30 i n  t h i s  example, 
2 

t o  ob ta in  t h e  o v e r a l l  c o n t r i b u t i o n  t o  x . The "goodness of f i t "  of 

t he  l i n e  drawn above t o  t h e  d a t a  is then  t e s t e d  by comparing t h e  calcu- 

l a t e d  o v e r a l l  con t r ibu t ion  t o  x2  t o  t h e  t abu la t ed  va lue  a t  t he  95- 

percent  confidence l e v e l  w i t h  n - 2 d f .  I n  t h i s  ca se ,  3.45 i s  l e s s  than  

t h e  t abu la t ed  va lue  of 3.84 (df = n - 2 = 3 - 2 = 1 )  i n  L i t c h f i e l d  and 
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Wilcoxon's Table 2.4 Therefore the l i n e  i s  considered t o  f i t  the  da ta  

adequately. I f  the  calculated value had exceeded the  tabulated value, 

the  l i n e  would not  be considered an acceptable representa t ion of the  

data ,  and another l i n e  would have t o  be t r i e d  u n t i l  an acceptable f i t  

was obtained . 
33. Once a sa t i s fac to ry  l i n e  is  obtained, t h e  LC16, LC50, and 

LC84 values ( l e t h a l  concentration t o  the  s t a ted  percent  of the  sample) 

f o r  t h i s  observation time a r e  read from the  graph. In t h i s  case: 

LC16 = 30-percent t e s t  medium 
LC50 = 84-percent t e s t  medium 
LC84 = 123-percent t e s t  medium 

34. The slope S of t h e  l i n e  is then calculated as:  

35. It is  then necessary t o  d e t e r m i n e f i  where N' is  the  t o t a l  

number of t e s t  animals represented by t h e  observed data  points  f a l l i n g  

between 16 and 84 percent expected e f f e c t s .  In  t h i s  case,  N' = 60, * = = 7.75. 

36. The next s t ep  is  calcula ted  of FLC50, the  f a c t o r  by which the  

LC50 is manipulated t o  obta in  the  95-percent confidence l i m i t s  about 

the  LC50. 

where 2.77 is  constant .  The expoent ia l  ca lcu la t ion  can be solved from 

Litchf i e l d  and Wilcoxon's Nomograph 2. The upper confidence l i m i t  

(UCL) and lower confidence l i m i t  (LCL) about the  LC50 a t  the  95-percent 

confidence l e v e l  a r e  then determined a s  follows: 

UCL = (~C50)  x (FLC50) = (84%) x (1.31) = 110% 0 5 )  
LCL = ( ~ ~ 5 0 )  + (FLC50) = (84%) + (1.31) = 64% (D6) 

37. According t o  these ca lcu la t ions ,  the  es t imate  of the concen- 

t r a t i o n  of t e s t  ma te r i a l  required t o  k i l l  50 percent of the  t e s t  organ- 

i s m s  a f t e r  72-hr exposure i s  84-percent t e s t  medium. That is ,  the 

ca lcula ted  72-hr LC50 equals  64 percent ,  and we can say with 95 percent 

Dl6. 



confidence t h a t  t he  t r u e  72-hr LC50 l i e s  between 64- and 110-percen~ 

t e s t  medium. 

38. The same process i s  used t o  c a l c u l a t e  t h e  96-hr LC50 and i t s  

confidence l i m i t s ,  a s  i l l u s t r a t e d  by the  open c i r c l e s  and broken l i n e  

i n  Figure D l  and shown i n  Table D3. According t o  these  c a l c u l a t i o n s ,  

Table D3 

Calculat ion of 96-hr LC50 f o r  Data from Table D2 

Percent  Dead/ Percent Dead Observed minus Contr ibut ion 
Dose Tested Observed Expected Expected t o  X2 

1 0  2/30 6.7 4.0 2.7 0.019 
5 0 12/30 40.0 42.0 2.0 0.002 

100 21/30 70.0 69.0 1.0 0.001 

0.022 
x 30 

Overal l  con t r ibu t ion  t o  x 2 
= 0.66 

2 
df = n-2 = 3-2 = 1, tabula ted  x = 3.84 

LC16 = 22% t e s t  medium 

LC50 = 60% t e s t  medium 

LC84 = 117% t e s t  medium 

LC84 LC50 - +- 117 60 - 
Slope S = 

LC50 LC16 - - 60 + 22 
2 2 = 2.34 

UCL = (LC50) x (FCL50) = (60%) x (1.35) = 81% 

LCL = (LC50) + (FLC50) = (60%) + (1.35) = 44% 

t h e  96-hr LC50 i s  60-percent t e s t  medium, and we can say with 95 percent  

confidence t h a t  the  t r u e  96-hr LC50 l i e s  between 44- and 81-percent 

t e s t  medium. 

39. The LC50 es t ima tes  and t h e i r  95-percent confidence l i m i t s  

f o r  each observat ion a r e  then p l o t t e d  aga ins t  t ime, a s  i n  F3gure 112. 

This i l l u s t r a t e s  the  r e l a t i o n s h i p  of concent ra t ion  and exposure t j n w  

causing 50-percent m o r t a l i t y  i n  t h e  b ioassay  and is  an e s t i~n t l t c  oI 
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cond i t i ons  required t o  produce a s i m i l a r  e f f e c t  i n  t h e  f i e l d .  To deter- 

mine whether t h e  LPC might be exceeded i n  t h e  f i e l d ,  t h i s  time- . 

' concen t r a t ion  mor t a l i t y  curve i s  g raph ica l ly  compared t o  t h e  expected 

d i l u t i o n  curve from Appendix H (Figure D2). The b e s t  a v a i l a b l e  mixing 

e s t ima te ,  a s  descr ibed i n  Sect ion 227.29 of t h e  Reg i s t e r  and d iscussed  

i n  Appendix H,  should be used t o  de r ive  t h e  t ime-concentrat ion r e l a t i o n -  

s h i p  f o r  d i l u t i o n  t o  be compared t o  t h e  t ime-concentration m o r t a l i t y  

curve. The i n i t i a l  mixing example used h e r e  is f o r  t h e  suspended 

p a r t i c u l a t e  phase and was taken from Appendix H ,  paragraphs 24 through 

28. It assumes complete l ack  of knowledge concerning mixing a t  t h e  

d i s p o s a l  s i t e  and u t i l i z e s  a hypo the t i ca l  d i s p o s a l  ope ra t ion  and t h e  

a r b i t r a r y  mixing c a l c u l a t i o n  of paragraph 227,29(b) ( l )  of t h e  Regis te r .  

40. Paragraphs 227.29(a) and 227.27(a) of t h e  Reg i s t e r  s t a t e  t h a t  

a concent ra t ion  of 0.01 (or  o the r  f a c t o r )  of t h e  t o x i c  concent ra t ion  

of t h e  l i q u i d  phase s h a l l  never be  exceeded beyond t h e  boundaries of 

t h e  d i s p o s a l  s i t e  and may be exceeded w i t h i n  t h e  d i s p o s a l  s i t e  only 

dur ing  t h e  4 h r  following dumping. The suspended p a r t i c u l a t e  phase is 

t r e a t e d  s i m i l a r l y ,  except t h a t  t h e  a p p l i c a t i o n  f a c t o r  i s  no t  included 

and in s t ead  t h e  Regis te r  s p e c i f i e s  t h a t  "unreasonable e f f ec t s1 '  a r e  for -  

bidden. To h e l p  ensure t h a t  such e f f e c t s  do no t  occur and f o r  t h e  sake 

of uniformity of i n t e r p r e t a t i o n ,  i t  is  recommended t h a t  t h e  a p p l i c a t i o n  

f a c t o r  of 0.01 of t h e  t o x i c  concen t r a t ion  (or o t h e r  f a c t o r  a s  s p e c i f i e d  

i n  paragraph 227.27(a)(3)) be appl ied  t o  suspended p a r t i c u l a t e  a s  w e l l  

a s  l i q u i d  phase bioassay i n t e r p r e t a t i o n s .  

41. I n  Figure D2, i l l u s t r a t i n g  t h e  d a t a  from Table D2, both t h e  

4-hr and long-term requirements of t h e  LPC a r e  met. A f t e r  4 h r ,  t h e  

t o x i c  concent ra t ion  cannot be  p r e c i s e l y  s p e c i f i e d  b u t  i s  g r e a t e r  than 

100 percent  of t h e  o r i g i n a l  suspended p a r t i c u l a t e  phase concent ra t ion ,  

and during i n i t i a l  mixing t h e  p red ic t ed  d i l u t i o n  is by a f a c t o r  of more 

than 1600, t o  0.06 percent  of t h e  o r i g i n a l  suspended p a r t i c u l a t e  phase 

concent ra t ion .  Since t h e  d i l u t i o n  curve and m o r t a l i t y  curve cont inue 

t o  diverge,  t h e  LPC requirement t h a t  a concen t r a t ion  of 0.01 of t h e  

t o x i c  concent ra t ion  s h a l l  n o t  be  exceeded i s  met both  a t  t h e  end of and 

beyond t h e  4-hr i n i t i a l  mixing pe r iod .  Therefore,  t h e  bioassay would 



be considered t o  have given no ind ica t ion  t h a t  t h e  m a t e r i a l  might pro- 

duce any environmentally unacceptable impacts i n  t h e  water  column. 

42. Figure D3 is a hypothe t ica l  case  i l l u s t r a t i n g  a s i t u a t i o n  

where t h e  LPC would not be met. It should be emphasized t h a t  a s i t u a -  

t i o n  a s  severe  as t h i s ,  both i n  terms of high m o r t a l i t y  and low d i lu -  

t i o n ,  has never been documented f o r  e i t h e r  t h e  l i q u i d  o r  suspended 

p a r t i c u l a t e  phase of dredged ma te r i a l .  This  hypo the t i ca l  s i t u a t i o n  i s  

pure ly  f o r  i l l u s t r a t i v e  purposes. In Figure D3, t h e  LPC is  exceeded 

a f t e r  t he  4-hr i n i t i a l  mixing period and a t  8 and 24 h r  because t h e  

concent ra t ion  predicted by t h e  d i l u t i o n  curve is  g r e a t e r  than 0.01 of 

t h e  lower 95-percent confidence l i m i t  about t he  time-concentration 

m o r t a l i t y  curve. A t  48 h r  t h e  LPC is  s a t i s f i e d ,  s i n c e  t h e  p red ic t ed  

concent ra t ion  i s  l e s s  than 0.01 of t h e  lower 95-percent confidence l i m i t  

about t h e  t o x i c  concentrat ion.  However, a t  72 h r ,  t h e  LPC i s  again  ex- 

ceeded. Both t h e  4-hr and long-term cons idera t ions  of t h e  LPC must be 

met t o  s a t i s f y  t h e  c r i t e r i a .  Therefore, t h i s  hypo the t i ca l  s i t u a t i o n  

does not  meet t h e  LPC, and i f  a bioassay gave similar r e s u l t s ,  i t  would 

be considered t o  have shown t h e  m a t e r i a l  t o  have a r e a l  p o t e n t i a l  f o r  

causing environmentally unacceptable impacts i n  t h e  water column. 

43. Procedures f o r  using the  b ioassay  animals t o  e s t ima te  t h e  po- 

t e n t i a l  f o r  bioaccumulation of contaminants from t h e  l i q u i d  o r  suspended 

p a r t i c u l a t e  phases of dredged m a t e r i a l  a r e  d iscussed  i n  Appendix G ,  

"Guidance f o r  Assessing Bioaccumulation Po ten t i a l . "  
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Figure D3. Comparison of hypothetical time-concentration mortality 
curve with hypothetical dilution curve 
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APPENDIX E: GUIDANCE FOR PERFORMING LIQUID PHASE AND SUSPENDED 
PARTICULATE PHASE PHYTOPLANKTON BIOASSAYS 

In t roduc t ion  

1. Paragraph 227.27(c) of t h e  Reg i s t e r  (see.Appendix A) i nc ludes  
I I phytoplankton o r  zooplankton" a s  one of t h e  t h r e e  groups of app rop r i a t e  

s e n s i t i v e  marine organisms t o  be used i n  bioassays.  Phytoplankton bio- 

a s says  can g ive  information on t h e  p o t e n t i a l  a v a i l a b i l i t y  of  contami- 

nan t s  a s soc i a t ed  wi th  t h e  sediment proposed f o r  dredging. However, 

because of t h e  extremely dynamic and v a r i a b l e  n a t u r e  of  normal phyto- 

plankton assemblages and because of t h e  r ap id  mixing and d i l u t i o n  t h a t  

t akes  p l ace  i n  t h e  water  column, i t  is  widely f e l t  t h a t  e f f e c t s  on phy- 

toplankton a r e  gene ra l l y  of minimal environmental concern a t  ocean si tes 

f o r  dredged m a t e r i a l  d i sposa l .  

2. Phytoplankton b ioassays  a r e  of such a n a t u r e  t h a t  t h e  s t a t i s t i -  

c a l  c a l c u l a t i o n  of dose-response d a t a  w i th  confidence l i m i t s  is  n o t  

p r a c t i c a l ,  making ana lyses  and i n t e r p r e t a t i o n  of r e s u l t s  somewhat un- 

c e r t a i n .  I n  add i t i on ,  phytoplankton b ioassays  u s ing  t h e  suspended 

p a r t i c u l a t e  phase a r e  extremely d i f f i c u l t  t o  conduct and i n t e r p r e t  be- 

cause of i n t e r f e r e n c e s  and p reda t ion  on t h e  test s p e c i e s  by indigenous 

protozoans i n  t h e  dredged m a t e r i a l  be ing  t e s t e d .  The presence  o f  sus-  

pended p a r t i c u l a t e s  s i g n i f i c a n t l y  i n t e r f e r e s  w i th  t h e  de te rmina t ion  of 

response i n  many cases ,  l e a d i n g  t o  a recommendation a g a i n s t  a t t empt s  t o  

u se  suspended p a r t i c u l a t e  phase  phytoplankton b ioassays .  For t h e s e  

reasons ,  u n l e s s  t h e r e  i s  p a r t i c u l a r  concern about e f f e c t s  on phyto- 

plankton by t h e  d i s p o s a l  o p e r a t i o n  i n  ques t i on ,  i t  i s  recommended t h a t  

zooplankton, r a t h e r  than phytoplankton,  b ioassays  b e  employed t o  f u l f i l l  

t h i s  requirement of t h e  c r i t e r i a .  This  approach would gene ra l l y  provide  

the  most u s e f u l  in format ion  on p o t e n t i a l  e f f e c t s  of t h e  d i s p o s a l  being 

evaluated.  

3 .  I f  t h e  s p e c i a l  c i rcumstances of t h e  c a s e  warran t  a phytoplank- 

ton bioassay,  i t  'is conducted by e s t a b l i s h i n g  a s e r i e s  of t r ea tmen t s  and 

c o n t r o l s  u s ing  t h e  l i q u i d  phase  and f i l t e r e d  d i s p o s a l  s i te  water .  The 



Thirty 500-ml Erlenmeyer f l a s k s  made of Pyrex o r  Kimex 
glass .  

P l a s t i c  beakers o r  s t a i n l e s s  s t e e l  caps t o  cover the  500-ml 
Erlenmeyer f l a sks .  

F a c i l i t y  f o r  growing algae a t  constant temperature, 
i l lumination,  and shaking ra te .  Any incubator t h a t  allows 
temperature control  within+20C, l i g h t  i n t e n s i t y  of 
approximately 1100 t o  1500 pw/cm2 using cool-white 
f lourescent  bulbs, and a shaking r a t e  of 100 rpm w i l l  
suf f ice .  

Ske Zetonema s p  . USEPA Environmental Research Center 
Corva l l i s ,  Oregon 37330 

o r  

experimental u n i t s  a r e  then inoculated with t e s t  organisms and held 

under a speci f ied  set of t e s t  conditions while a sampling program i s  

conducted t o  determine response. 

Apparatus 

4. The following items a r e  required: 

5. Phytoplankton should be col lec ted  from t h e  d i sposa l  s i t e  and 

Equipment required f o r  evaluation of response. Require- 
ments w i l l  depend on whether c e l l  counts, c14 uptake, 
productivi ty,  o r  chlorophyll values a r e  t h e  responses t o  
be measured. 1, 2, 3 

Species Select ion 

i s o l a t e d  i n t o  axenic cu l tu res  f o r  use i n  t h e  bioassays when t h i s  is  

permitted by p r a c t i c a l  considerat ions and t h e  e x p e r t i s e  of the  experi- 

menter. Otherwise, t h e  species  l i s t e d  i n  t h e  following tabula t ion a r e  

recommended and may be purchased f o r  labora tory  c u l t u r e  a s  indicated.  

Methods f o r  co l l ec t ing  and cu l tu r ing  algae a r e  given i n  "Standard 

Methods f o r  t h e  Examination of Water and Wastewater, 1 1 1  11 Bioassay Pro- 

cedures f o r  t h e  Ocean Disposal Permit program,"' and "Marine Algal 

Assay Procedure: Bo t t l e  ~ e s t . " ~  

Species Source 



Species  Source 

USEPA Environmental Research Center 
Nar raganse t t ,  Rhode I s l a n d  02874 

ChZorococcwn (Milford "C") 819 Department of Botany 
CycZoteZZa sp. 1269 Cul ture  Col lec t ion  of Algae 
Porphyridiwn sp.  637 Indiana Un ive r s i t y  

Bloomington, Ind iana  41701 

CycZoteZZa sp. 1269 USEPA Environmental Research Center  
Nar raganse t t ,  Rhode I s l a n d  02874 

Sample Col lec t ion  and P re se rva t ion  

6. Sediment and water samples a r e  c o l l e c t e d  and s t o r e d  and t h e  

l i q u i d  phase ( o r  suspended p a r t i c u l a t e  phase)  i s  prepared  a s  descr ibed  

i n  Appendix B ,  "Dredged Ma te r i a l  Sample Co l l ec t i on  and Prepara t ion ."  

Experimental Conditions (Liquid o r  Suspended P a r t i c u l a t e  Phase) 

7. Procedures  f o r  t h e  a l g a l  assay  f o r  marine d i s p o s a l  sites a r e  

s i m i l a r  t o  t hose  descr ibed i n  Reference 3. This  r e f e r e n c e  g ives  d e t a i l s  

of t h e  procedure and r a t i o n a l e  and must be used i n  conjunc t ion  wi th  t h e  

guidance provided here .  

8. Grow s t o c k  a l g a l  c u l t u r e s  i n  s y n t h e t i c  n u t r i e n t  medium. 3 

S t a r t  new c u l t u r e s  each week by t r a n s f e r r i n g  0.5 m l  of  a  one-week-old' 

c u l t u r e  t o  100 m l  of f r e s h  medium us ing  a s e p t i c  technique.  Grow s tock  
0 

c u l t u r e s  a t  approximately 18-20 C under cont inuous cool-white f l ou re s -  
2 

cent  l i g h t i n g  a t  an i n t e n s i t y  of approximately 1500 uw/cm and shake 

cont inuous ly  a t  110 rpm. I f  shaking t a b l e s  a r e  n o t  a v a i l a b l e ,  s w i r l  a l l  

f l a s k s  a t  r e g u l a r  i n t e r v a l s  a t  l e a s t  twice  d a i l y .  Acclimation o f  t h e  

s t o c k  a l g a l  c u l t u r e s  should begin  a t  l e a s t  two weeks p r i o r  t o  t h e  

a c t u a l  test. S a l i n i t y  of t h e  test  water  should b e  approximately t h a t  

expected a t  t h e  d i s p o s a l  s i te.  I f  test  s p e c i e s  a r e  no t  maintained a t  

t h e  proper  s a l i n i t y ,  they  should be t r a n s f e r r e d  t o  medium of app rop r i a t e  

s a l i n i t y  fo l lowing  procedures f o r  a d j u s t i n g  s a l i n i t y  given i n  Reference 

3. The concen t r a t i on  of n u t r i e n t s  i n  t h e  growth medium should be  reduced 



t o  20 percent  of t h e  s tock  growth medium during t h e  acc l imat ion  period.  

The a lgae  should a l s o  be  acclimated t o  the  temperature given i n  para- 

graph 10 of Appendix D. The r a t e  of temperature change should not  ex- 
0 

ceed 2 C every 24 h r .  Photoperiod should b e  1 4  h r  dark and 10 h r  l i g h t  

dur ing  t h e  accl imation period. 

9. Use 500-ml Erlenmeyer f l a s k s  covered wi th  beakers  o r  s t a i n l e s s  

s t e e l  caps f o r  c u l t u r e  vesse ls .  Wash a l l  glassware wi th  nonphosphate 

de te rgen t ,  r i n s e  with tap water ,  p l ace  i n  a  c lean  10-percent H C 1  ac id  

ba th  f o r  a  minimum of 4 h r ,  and then r i n s e  f i v e  times wi th  d i s t i l l e d  

water.  

Experimental Procedure 

10. Es t ab l i sh  t reatment  l e v e l s  using t h e  l i q u i d  o r  suspended 

p a r t i c u l a t e  phase, d i sposa l  s i t e  water ,  and a n  inoculum of t h e  t e s t  

organism t o  produce a  t o t a l  l i q u i d  volume of 100 m l  i n  500-ml Erlenmeyer 

f l a s k s  when c e l l  counts a r e  t h e  parameter of i n t e r e s t .  A g r e a t e r  volume 

w i l l  be requi red  f o r  some of t h e  techniques requi red  f o r  measuring o t h e r  

responses,  such a s  c14 uptake o r  chlorophyll .  2 '  Es t ab l i sh  a t  l e a s t  

t h r e e  r e p l i c a t e s  of each of t h e  fol lowing t rea tment  l e v e l s  and cont ro ls :  

Percent  Percent  
Liquid Phase Disposal  S i t e  Water 

100 0 
5 0 50 
10 9 0 

Controls :  100-per'cent d i s p o s a l  s i t e  water  
100-percent s y n t h e t i c  a l g a l  growth medium 

11. I n h i b i t i o n  of growth could be t h e  r e s u l t  of l a c k  of requi red  

n u t r i e n t s  o r  t h e  a v a i l a b i l i t y  of t ox ican t s .  As an a i d  i n  determining 

i f  t o x i c  chemicals a r e  a v a i l a b l e  t o  t h e  phytoplankton from t h e  l i q u i d  

o r  suspended p a r t i c u l a t e  phase being t e s t e d ,  n u t r i e n t  a d d i t i o n s  a r e  

use fu l .  Adjust  t h e  concent ra t ion  of a  s t o c k  s o l u t i o n  of growth medium 

such t h a t  when 1 m l  is  added t o  t h e  fo l lowing f l a s k s ,  t h e  f i n a l  concen- 

t r a t i o n  of t h e  n u t r i e n t s  i n  each f l a s k  i s  equ iva len t  t o  10  percent  of 



t h e  s t o c k  growth medium. The fol lowing t reatments  should r ece ive  

n u t r i e n t  add i t i ons :  

Percent  Percent  
Liquid Phase Disposal S i t e  Water 

100 0 
50 50 
10 9 0 

Control:  100-percent d i sposa l  si te water 

Also, e s t a b l i s h  a  s e t  of c o n t r o l  f l a s k s  t h a t  conta in  on ly  10  percent  of 

t h e  n u t r i e n t s  of t h e  s tock  growth medium. 

12. Prepare t h e  inoculum by cen t r i fug ing  and washing s t o c k  c u l t u r e  

c e l l s  wi th  s t e r i l e  a r t i f i c i a l  seawater  of appropr ia te  s a l i n i t y  wi thout  

n u t r i e n t s .  Adjust t h e  inoculum c e l l  concent ra t ion  by d i l u t i o n  wi th  

s t e r i l e  seawater;  then p i p e t t e  t h e  inoculum i n t o  t h e  t e s t  water  t o  g ive  

a  s t a r t i n g  concent ra t ion  i n  t h e  t e s t  waters  of 1000 c e l l s  p e r  m l .  

13. D i s t r i b u t e  t h e  f l a s k s  randomly i n  incubat ion  chambers. 

Temperature should be s e t  a t  t h e  l e v e l  recommended i n  paragraph 10 of 

Appendix D (+zOc), l i g h t i n g  i n t e n s i t y  a t  approximately 1100 t o  1500 
2 

vw/cm using cool-white f l ou rescen t  bulbs on a  14 h r  dark  and 10 h r  

l i g h t  photoperiod, and t h e  shaking r a t e  a t  110 rpm throughout t h e  assays .  

Test s a l i n i t y  should be approximately t h a t  expected a t  t h e  d i s p o s a l  

s i t e .  It is important t h a t  a l l  t e s t  con ta ine r s  a r e  exposed t o  t h e  same 

condi t ions .  Continue t h e  a s says  u n t i l  t h e  maximum c e l l  number occurs  i n  

each t rea tment  l eve l .  This does n o t  n e c e s s a r i l y  occur  on t h e  same day 

f o r  each t reatment .  C e l l  numbers can be used t o  determine c e l l  volume 

a s  descr ibed  i n  Reference 3 and a r e  a  s u i t a b l e  method f o r  r e p o r t i n g  

r e s u l t s  and comparing e f f e c t s  among t rea tment  l e v e l s .  

14. Determine t h e  e f f e c t  of t h e  t e s t  s o l u t i o n  on t h e  a l g a e  by 

comparing t h e  response i n  t h e  c o n t r o l s  t o  t h a t  i n  t h e  f l a s k s  conta in ing  

t h e  t e s t  s o l u t i o n .  This  may b e  done by comparing c e l l  counts ,  c e l l  

volume, c14 uptake, o r  ch lo rophy l l  values.  Procedures f o r  t h e s e  methods 

f o r  measuring a l g a l  response may be found i n  Reference 1, 2, and 3. 

Whatever method of measurement is chosen, observa t ions  should be made 

a f t e r  4  h r ,  24 h r ,  and a t  24-hr i n t e r v a l s  t h e r e a f t e r .  



15. The d i f fe rences  measured (e.g., c e l l  counts)  can be  compared 

a t  d i f f e r e n t  times during t h e  bioassay depending upon t h e  type  of 

information needed. The maximum standing crop can be compared when 

con t ro l s  and treatments have reached t h e  maximum biomass. This param- 

e t e r  i s  h e l p f u l  i n  p red ic t ing  t o t a l  e f f e c t s  i n  s i t u a t i o n s  where t h e r e  i s  

concern t h a t  f requent  use  of the  d i sposa l  s i t e  may a f f e c t  water  q u a l i t y  

f o r  extended periods of time. Shor ter  term e f f e c t s  can be  compared by 

c a l c u l a t i n g  t h e  maxi& s p e c i f i c  growth r a t e 3  between t h e  c o n t r o l s  and 

experimental  t reatments .  Addit ional  information about  p o t e n t i a l  shor t -  

term e f f e c t s  can be  gained by comparing the  measured parameter a t  d a i l y  

i n t e r v a l s  during t h e  bioassay. I f  t h e r e  i s  a l a g  i n  t h e  i n i t i a t i o n  of 

growth, comparing d a i l y  measurements w i l l  show t h i s  and could i n d i c a t e  

short- term problems. For example, i t  is  conceivable t h a t  t h e  c o n t r o l  

and experimental c u l t u r e s  w i l l  a l l  reach the  same maximum biomass, b u t  

t h e i r  r a t e  of a t t a i n i n g  t h a t  biomass may vary because of d i f f e r e n c e s  i n  

t h e  onset  of rapid growth o r  d i f f e r e n t  maximum s p e c i f i c  growth r a t e s .  

.. Data Analysis  and I n t e r p r e t a t i o n  

16. The i n t e r p r e t a t i o n  of phytoplankton bioassay r e s u l t s  must 

consider  mixing and d i l u t i o n ,  and i t  must be  determined whether t h e  

l i m i t i n g  permissible  concent ra t ion  (LPC) would be exceeded i f  t h e  pro- 

posed d i s p o s a l  occurred. To do s o  f o r  phytoplankton, i t  i s  f i r s t  

necessary t o  c a l c u l a t e  t h e  e f f e c t i v e  concent ra t ion  causing 50 percent  

i n h i b i t i o n  (EC50) of t h e  sample r e l a t i v e  t o  t h e  c o n t r o l s ,  r a t h e r  than 

t h e  l e t h a l  concentrat ion (LC50). 

17. Because phytoplankton d a t a  a r e  es t imates  of popula t ion  re- 

sponse, r a t h e r  than d i s c r e t e  counts  of i nd iv idua l  responses l i k e  

animal bioassay da ta ,  t h e  s t a t i s t i c a l  ana lyses  described f o r  animal 

bioassays a r e  no t  a p p l i c a b l e  t o  photoplankton data .  Therefore,  an  

approximate graphica l  method i s  used t o  e s t ima te  t h e  EC50. These e s t i -  

mates a r e  made a t  each observa t ion  time by f i r s t  express ing  t h e  responqe 

i n  each t e s t  concent ra t ion  a s  a percent  of c o n t r o l  response. Using 

semi-logarithmic coordina te  paper ,  graph response a s  pe rcen t  of c o n t r o l  



response on t h e  a r i t h m e t i c  a x i s  and percent of l i q u i d  phase  (or  s u s -  

pended p a r t i c u l a t e  phase) concentrat ion on t h e  logar i thmic  a x i s .  On 

t h i s  graph p l o t  t h e  average response a t  t h e  t e s t  concen t ra t ion  g iv ing  

somewhat l e s s  than 50 percent  of t h e  con t ro l  response and t h e  average 

response a t  t h e  test concent ra t ion  giving somewhat g r e a t e r  than  50 per- 

cent  of t he  c o n t r o l  response. Zero and 100-percent response  should no t  

be used f o r  t h i s  purpose. Draw a s t r a i g h t  l i n e  between t h e  two po in t s .  

The concentrat ion a t  which t h i s  l i n e  crosses the  50-percent response 

l i n e  i s  an  e s t ima te  of t h e  EC50 value. This procedure i s  descr ibed  i n  

Reference 2 on pages 24-25 and i l l u s t r a t e d  on page 13. 

18. It i s  p o s s i b l e  t o  es t imate  an EC50 value only when a t  l e a s t  

one t e s t  condi t ion  produces less and one produces more than  50 percent  

of t h e  con t ro l  response. I n  some bioassays l e s s  than  50 pe rcen t  e f f e c t  

may occur i n  a l l  t e s t  condi t ions .  Such cases have been documented and 

i f i  no way r e f l e c t  on t h e  q u a l i t y  of t h e  bioassay; t h e  d a t a  simply 

i n d i c a t e s  an absence of marked tox ic  e f f e c t s  of t h e  dredged m a t e r i a l .  

The LPC cannot b e  p r e c i s e l y  s p e c i f i e d  i n  such cases because t h e  acu te ly  

t o x i c  concentrat ion cannot be  determined. However, s i n c e  t h e  a c u t e l y  

t o x i c  concent ra t ion  i s  known t o  b e  a t  l e a s t  100-percent t e s t  medium 

concentrat ion,  t h e  LPC could b e  exceeded only i f  t h e  c a l c u l a t i o n s  from 

t h e  appropr ia te  p a r t  of Appendix H predic ted  d i l u t i o n  by a f a c t o r  of 

0.01 o r  l e s s  dur ing  i n i t i a l  mixing. 

19. A t ime-concentrat ion e f f e c t  curve is  cons t ruc ted  from t h e  

bioassay da ta  by p l o t t i n g  t h e  EC50 value f o r  each obse rva t ion  a g a i n s t  

time. This response curve is  then compared t o  t h e  expected d i l u t i o n  

curve from Appendix H t o  determine whether t h e  LPC might be  exceeded 

i n  t h e  f i e l d .  The c o n s t r u c t i o n  and comparison of t h e s e  curves is  de- 

scr ibed  i n  paragraphs 39 through 41  of Appendix D. 
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APPENDIX F: GUIDANCE FOR PERFORMING SOLID PHASE BIOASSAYS 

In t roduct ion  

1. This  bioassay of appropr ia te  s e n s i t i v e  b e n t h i c  marine organisms 

can a i d  i n  a s se s s ing  the  p o t e n t i a l  environmental impact of t h e  s o l i d  

phase of dredged ma te r i a l  proposed f o r  ocean d i s p o s a l  and a c t s  a s  an 

i n d i r e c t  i n d i c a t o r  of chemical t o x i c i t y  of t h e  sediment. It provides ex- 

posure condi t ions  approximating those t h a t  would be  experienced by 

animals l i v i n g  near  the  boundaries of t he  d i s p o s a l  s i t e .  Seve ra l  benth ic  

spec i e s  a r e  allowed t o  e s t a b l i s h  themselves i n  an a p p r o p r i a t e  r e f e rence  

sediment and a r e  then covered wi th  a  l a y e r  of t he  dredged m a t e r i a l  being 

evaluated.  Su rv iva l  i n  t h e  dredged m a t e r i a l  r e l a t i v e  t o  t h a t  i n  t he  

r e f e rence  sediment c o n t r o l  is used a s  t h e  primary b i o t i c  response c r i -  

t e r i o n .  

2 .  The o b j e c t i v e  i s  t o  determine t h e  p o t e n t i a l  impact of t he  s o l i d  

phase on benthos a t  and beyond the  d i s p o s a l  s i t e  boundaries .  The con- 

cept  of a  d i s p o s a l  s i t e  impl ies  t h a t  condi t ions  w i t h i n  t h a t  s i t e  may be 

I adverse,  bu t  t h a t  condi t ions  beyond i ts  boundaries  cannor be. There- 

f o r e ,  t h i s  b ioas say  does not  dup l i ca t e  t h e  depths of sediment depos i t i on  

I t h a t  may cover animals d i r e c t l y  under t h e  d i s p o s a l  v e s s e l ,  bu t  r a t h e r  i t  

approximates t h e  condi t ions  found w i t h i n  o r  a t  t h e  d i s p o s a l  s i t e  boun- 

da r i e s .  The b ioassay  i s  designed t o  determine whether a  b i o l o g i c a l  

e f f e c t  i s  l i k e l y ,  b u t  t he  b ioassay  cannot  be  used t o  determine t h e  cause 

of t h e  observed e f f e c t s .  Indeed, i f  an  adverse e f f e c t  may occur  ou t s ide  

the  d i sposa l  s i t e ,  i t  m a t t e r s  l i t t l e  from a r egu la to ry  viewpoint whether 

t h a t  e f f e c t  is due t o  t h e  phys i ca l  presence  of t h e  sediment o r  is due t o  

some chemical c o n s t i t u e n t  ( s )  a s soc i a t ed  w i t h  t h e  sediment c a r r i e d  

beyond t h e  s i t e .    here fore, i t  i s  impor tan t  t o  r e a l i z e  t h a t  t h i s  benth ic  

bioassay measures t h e  t o t a l  impact of t h e  dredged ma te r i a l .  That impact 

may be due t o  an  unrecognized p o l l u t a n t  o r  t o  t he  s y n e r g i s t i c  e f f e c t s  of 

many p o l l u t a n t s ,  none of which may have an excep t iona l ly  e l eva t ed  con- 

cen t r a t ion .  A t  t h e  p re sen t  t e c h n i c a l  s t a t e -o f - the -a r t ,  i t  is no t  possi- 

b l e  t o  determine by any known chemical a n a l y s i s  which p o l l u t a n t ( s )  may 

be t h e  c a u s a t i v e  a g e n t ( s ) .  

F1 . 



Aquarium System 

3.  The exact  dimensions of t he  t e s t  aquaria  a r e  n o t  c r i t i c a l ,  
2 

bu t  t h e i r  bottom a rea  should no t  be l e s s  than 1000 cm nor t h e i r  volume 

l e s s  than 20 R .  Standard 10-gal (37.8-R) a l l - g l a s s  aquar ia  26 cm wide, 

5 1  cm long, and 3 1  cm deep a r e  s a t i s f a c t o r y .  Five aqua r i a  w i l l  be need- 

ed f o r  t h e  cont ro ls  and f o r  each dredged m a t e r i a l  sampling s i t e  t e s t e d .  

4. Seawater of approximately t h e  same temperature, s a l i n i t y ,  
' I 

and d isso lved  oxygen a ~ t h e  water nea r  t h e  bottom a t  t h e  d i sposa l  s i t e  

should be passed through a 20-p pore s i z e  f i l t e r  and flow i n t o  each 

aquarium a t  a r a t e  t h a t  w i l l  r ep lace  the  aquarium volume a t  l e a s t  once 

every 4 h r .  The flow should be d i r e c t e d  t o  achieve good mixing wi thout  

d i s t u r b i n g  a l a y e r  of sediment on the  aquarium bottom. Water l e a v e s  

t h e  aquarium through a per fora ted  s tandpipe  covered wi th  a 0.5-mn nylon 

screen .  I f  a continuous-flow seawater  system i s  not  ava i l ab le ,  animals 

can be t e s t e d  i n  s t a t i c  water  aqua r i a  provided t h a t  75  percent  of t h e  . 

seawater volume i s  replaced 1 and 48 h r  a f t e r  t he  t e s t  is begun and a t  

48-hr i n t e r v a l s  t h e r e a f t e r .  The frequency of changing should be i n -  

creased i f  t he  con t ro l  animals appear s t r e s s e d .  

Collect ion of Sediments and Tes t  Organisms 

5. Co l l ec t  sediments, water ,  and t e s t  spec ie s  from the  f i e l d  wi th  

an appropr i a t e  benth ic  sampler such a s  t h e  Smith-McIntyre o r  Van Veen 

grab.  Sediment should be placed i n  c l e a n  nonmetal l ic  conta iners  and 

maintained a t  2 t o  4 ' ~  from t h e  t i m e  of c o l l e c t i o n  u n t i l  t h e  bioassay 

begins .  Sediment samples must never be f rozen  o r  d r i ed .  Deta i led  

guidance f o r  c o l l e c t i o n  of sediment and water  samples is given i n  Appen- 

d i x  B. The bioassay must b e  i n i t i a t e d  w i t h i n  two weeks a f t e r  t h e  

sediment and faunal  c o l l e c t i o n s .  Field-caught t e s t  spec ie s  and t h e  

r e fe rence  sediment must be obtained from an uncontaminated a r e a  i n  t h e  

v i c i n i t y  of t he  d i sposa l  site. This  r e fe rence  sediment must have sedi-  

mentological  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h e  d i sposa l  s i t e  and should be 

an approximation of t he  sediment t h a t  would be found a t  the  d i s p o s a l  



s i t e  i f  no d i s p o s a l  had e v e r  taken p l a c e  t he r e .  I n  t h e  1ikeJ.y c s v c s ~ ~ t  

t h a t  sediment condi t ions  va ry  s u b s t a n t i a l l y  w i th in  t h e  proposed d r 1 ~ ~ 1 ~ : i 1 1 ~ ;  

s i t e ,  sediment samples from more than one l o c a t i o n  must be  t e s t e d .  TIIIIS, 

t h e  b ioassay  w i l l  inc lude  a t  l e a s t  two and probably more t r e a t m e n t s ,  

i .e . ,  t h e  r e f e r ence  s u b s t r a t e  c o n t r o l  and sediments from one o r  morc 

l o c a t i o n s  w i t h i n  t h e  dredging s i t e .  F ive  r e p l i c a t e  a q u a r i a  a r e  es tnb-  

l i s h e d  f o r  each t rea tment ,  i nc lud ing  t h e  c o n t r o l s .  

6 .  The quan t i t y  of sediment needed f o r  t h e  b ioassay  i s  dependent 

on t h e  s i z e  of t h e  test a q u a r i a ,  a s  d i scussed  i n  paragraph 3.  A 30-mm 

l a y e r  of r e f e r e n c e  sediment i s  placed on t h e  bottom of a l l  r e p l i c a t e s  of 

a l l  t r ea tmen t s ,  inc lud ing  t h e  c o n t r o l s .  A 15-mm l a y e r  of t h e  dredged 

m a t e r i a l  i n  ques t ion  is p laced  on top of t h e  30-mm r e f e r e n c e  sediment  
I l a y e r  i n  a l l  test r e p l i c a t e s ,  b u t  no t  t h e  c o n t r o l s .  An a d d i t i o n a l  15-mm 

l a y e r  of t h e  re fe rence  sediment i s  p laced  on t h e  c o n t r o l s .  Sediments 
I 

f o r  a  s i n g l e  t reatment  should be  mixed t o  ensu re  homogeneity, and a l i -  

quo t s  taken f o r  t h e  b ioassay  aqua r i a .  I f  s t anda rd  10-gal a q u a r i a  a r e  

I used ,  a  minimum of 4.5 R of r e f e r e n c e  sediment and 2.5 R of dredged 

m a t e r i a l  should be c o l l e c t e d  f o r  each  aquarium. 

Spec i e s  S e l e c t i o n  

7. S o l i d  phase b ioa s says  must be  conducted w i t h  a p p r o p r i a t e  sen- 

s i t i v e  b e n t h i c  marine organisms. Paragraph 227.27(d) of t h e  R e g i s t e r  

( s e e  Appendix A) de f ine s  t h i s  t o  mean a t  l e a s t  t h r e e  s p e c i e s ,  c o n s i s t i n g  

of one f i l t e r - f e e d i n g ,  one depos i t - feed ing ,  and one burrowZng s p e c i e s .  

These are broad over lapping g e n e r a l  c a t e g o r i e s  and i t  is  recommended 

t h a t  t h e  s p e c i e s  be  s e l e c t e d  t o  i n c l u d e  a c ru s t acean ,  an i n f a u n a l  b i -  

v a l v e ,  and an  i n f a u n a l  po lychae te .  I n f a u n a l  amphipods seem t o  be among 

t h e  most s e n s i t i v e  c ru s t acenas  and, f o r  t h i s  reason,  a r e  among t h e  p r r b -  

f e r r e d  organisms f o r  s o l i d  phase  b ioa s says .  A l l  s o l i d  phase bic):t~:;r~yt: 

should  i n c l u d e  a s p e c i e s  of mysid shrimp of t h e  genus M y s i d q x i : :  0 1  

Neomysis. This  w i l l  p rov ide  an i n t e r n a l  s t anda rd  i n  a l l  ~ ~ O ; I N H : I V I ,  r l t ~ t l  

form a b a s i s  f o r  q u a l i t y  a s su rance  i n  t h e  r e g u l a t o r y  program. 

8. The s e n s i t i v i t y  of t h i s  and a l l  b ioa s says  is dcpc.1ltl4.111 



Table F1 

Recommended Appropriate Sensitive Benthic Marine Organisms for Use in Solid Phase Bioassays* 

Crustacean Infaunal Bivalve Infaunal Polychaete 

Mysid shrimp, Mysidopsis sp.** (D) Macoma clam, Mcoma sp. (F, D) Neanthes sp. (D, B) 
Neomysis sp.** (D) Nucula clam, NucuZa sp. (F, D) Nereis sp. (B) 

Infaunal amphipods, 
AmpeZisca sp. (F, D) surf clam, SpisuZa soZidissim (F) ~ e p t h y s  sp. (B) 

~ & a ~ h o x u s  ip. (k, D, B) Hard clam (quahog), Mereenaria sp. (F) GZycera sp. (B, D )  

Grass shrimp, PaZaemone t e s  sp . (D) Ocean quahog, Arctica iszandica (F) Urechis sp. (B, F) 
PaZaemon sp. (D) Gemma clam, Gema g e m  (F) Mage Zona sp . (B , D) 

Comercia' shrimp9 Pameus Littleneck clam, protothaea s t d n e a  (F) &en& sp. (8, D) - * 
Sand shrimp, Crangon sp. (D) Cockle, CZinocardim 'nutta t i  (F) Diopatra sp. (B, D) 
Oceanic shrimp, PandaZus sp. (Dl GZycinde sp. (B) 
Blue crab, CaZZinectes sapidus (0) 

Cancer crab, Cancer sp. (D) 

Cumacean, DiastyZopis sp. (F, D, B) 
DiastyZis sp. (F, D, B) 
*pops spa (F, D, B) 

Note: Parenthetical notations as follows: F - filter-feeding species 
D - deposit-feeding species 
B - burrawing species 

*Lists are not in order of preference or desirability 
** All solid phase bioassays should include one of these species 



pr imar i ly  on t h e  s e l e c t i o n  of appropr ia te  spec ies .  I f  a t  a l l  p o s s i b l e ,  

t h e  t e s t  spec i e s  should be c o l l e c t e d  from t h e  a rea  i n  which t h e  

r e f e rence  s u b s t r a t e  i s  c o l l e c t e d .  They should be the same species or  

c l o s e l y  r e l a t e d  t o  those  spec i e s  t h a t  n a t u r a l l y  dominant b e n t h i c  assem- 

blages i n  t h e  v i c i n i t y  of t h e  d i sposa l  s i t e  i n  t h e  season  of t h e  pro- 

posed operat ion.  Experience has  shown t h a t  wi th  reasonable  c a r e ,  it is 

poss ib l e  t o  c o l l e c t  test organisms from wild popula t ions  and main ta in  

them under c o n t r o l  condi t ions  wi th  low mor t a l i t y .  However, a pre l imi-  

nary s tudy of t h e  a b i l i t y  of f i e ld -co l l ec t ed  test organisms t o  acc l imate  

t o  labora tory  cond i t i ons  is h ighly  des i r ab l e .  

9. I f  i t  is no t  p r a c t i c a l  t o  use t h e  dominant s p e c i e s  c o l l e c t e d  

from near  t h e  d i s p o s a l  s i te ,  t e s t  spec'ies may be s e l e c t e d  from Table F1 

i f  they a r e  chosen s o  t h a t  i n s o f a r  a s  p o s s i b l e  they a r e  r e l a t e d '  phylo- 

g e n e t i c a l l y  and/or  by e c o l o g i c a l  requirements t o  t h e  dominant appro- 
I 
I 

p r i a t e  s e n s i t i v e  ben th i c  marine organisms expected i n  t h e  a r e a  of t h e  

d i s p o s a l  s i t e  a t  t h e  t ime of t h e  proposed opera t ion .  Spec ies  a r e  not  

l i s t e d  i n  Table F1  in . any  o rde r  of preference  o r  d e s i r a b i l i t y .  Com- 

merc ia l ly  important organisms from t h e  v i c i n i t y  of t h e  d i s p o s a l  s i te  may 

I a l s o  be included i f  d e s i r e d .  The cons idera t ions  of paragraph 7 must be 

kept  i n  mind when s e l e c t i n g  s o l i d  phase bioassay s p e c i e s  from any source.  

10. Although t h e  R e g i s t e r  r e q u i r e s  t h e  use  of a t  least t h r e e  

spec i e s ,  t h e  s o l i d  phase b ioassay  example given h e r e  u ses  f i v e  s p e c i e s  

I i n  order  t o  broaden t h e  d a t a  base  by t e s t i n g  more s p e c i e s  of d i f f e r i n g  

s e n s i t i v i t i e s .  A s  number of test spec i e s  is inc reased ,  i t  may be 

necessary t o  u s e  l a r g e r  a q u a r i a  t o  avoid overcrowding. Regardless  of ! 
number of s p e c i e s  t e s t e d ,  each should be represented  by 20 i n d i v i d u a l s  

i n  each r e p l i c a t e  aquarium. It is  recommended t h a t  j u v e n i l e  forms, 

p a r t i c u l a r l y  of molluscs and l a r g e  c rus taceans ,  be u t i l i z e d  because of 

, 

1 t h e i r  gene ra l ly  g r e a t e r  s e n s i t i v i t y  than a d u l t s .  The wet weight of 

i n d i v i d u a l  t e s t  specimens should  no t  be g r e a t e r  t h a n  3 g. Molluscs a r e  

o f t e n  most u s e f u l  i n  bioaccumulat ion s t u d i e s  bu t  should be  l e s s  than  

2 cm long i f  used i n  b ioassays .  To avoid p reda t ion ,  it  probably w i l l  

be necessary t o  conduct t h e  b ioassay  wi th  p o t e n t i a l  p reda to r  and prey 

s p e c i e s  i s o l a t e d  from each o t h e r .  The i d e n t i t y  of a l l  test s p e c i e s  



should be v e r i f i e d  by experienced taxonomists. If t h e  bioassay animals 

a r e  a l s o  t o  be used i n  es t imat ing  bioaccumulation p o t e n t i a l ,  spec ie s  

s e l e c t i o n  should consider  t h e  f a c t o r s  discussed i n  paragraphs 5, 6, and 

7 of Appendix G ,  "Guidance f o r  Assessing Bioaccumulation p o t e n t i a l  ." 
11. Test  organisms should be co l l ec t ed  from t h e  reg ion  of t h e  

d i sposa l  s i t e  o r  cu l tu red  i n  the  laboratory.  I f  t h e  organisms a r e  

c o l l e c t e d  from t h e  f i e l d  wi th  t h e  re ference  s u b s t r a t e ,  grab samples f o r  

f auna l  c o l l e c t i o n s  should be gent ly s ieved  through a 1.0-mm sc reen ,  and 

t h e  animals placed i n  buckets  containing a 2- t o  3-cm l aye r  of sediment 

and s e v e r a l  l i t r e s  of seawater .  Whatever the  source of t he  animals ,  

c o l l e c t i o n  and handling should be a s  r ap id  and g e n t l e  a s  poss ib le .  

12. Transpor ta t ion  t o  t h e  labora tory  should be i n  well-aerated 

water  from t h e  c o l l e c t i o n  s i t e  i n  which t h e  animals a r e  held a t  t h e  

temperature and s a l i n i t y  from which they were obta ined .  Benthic animals 

should be he ld  i n  t h e  l abora to ry  i n  aquar ia  i n  which approximately 30 mm 

of re ference  sediment has been placed. This sediment should conta in  no 

o t h e r  animals and should be from an uncontaminated source  s i m i l a r  t o  the  

d i sposa l  s i t e  i n  sedimentological  c h a r a c t e r i s t i c s .  Animals from estab-  

l i s h e d  l abora to ry  popula t ions  may, of course,  be he ld  i n d e f i n i t e l y ,  but  

animals co l l ec t ed  from t h e  f i e l d  should be  held i n  t h e  labora tory  f o r  no 

more than two weeks be fo re  bioassays a r e  begun. During t h i s  period they 

must be g radua l ly  acc l imated ,  i f  necessary,  t o  t h e  s a l i n i t y  and tempera- 

t u r e  a t  which t h e  bioassay w i l l  be conducted. Acclimation of animals 

from one seasonal  extreme t o  t h e  o t h e r  should be avoided. 

13. Methods f o r  c o l l e c t i n g ,  handling,  acc l imat ing ,  and s i z i n g  

bioassay organisms given i n  "Bioassay Procedures f o r  t h e  Ocean Disposal  

Permit ~ r o ~ r a r n , " '  and "Standard Methods f o r  t h e  Examination of Water and 

~ a s t e w a t e r . " ~  should be followed i n  a l l  ma t t e r s  f o r  which no guidance is  

given here .  

Experimental Conditions 

14. S o l i d  phase b ioassays  should be conducted a t  a s a l i n i t y  

approximating t h a t  expected a t  t h e  d i s p o s a l  s i t e  i n  t h e  season of t h e  



proposed opera t ion .  Water co l l ec t ed  from the  d i sposa l  s i t e  tihou.ld bt. 

used i f  a t  a l l  possible .  Otherwise uncontaminated seawater ,  o r  rln ilrr I -  

f i c i a l  s e a  s a l t s  mixture such a s  t h a t  given on page 32 of Refercnrc I ,  

of t h e  proper  s a l i n t i y  may be used. Experimental temperature shou.ltl I,(. 
0 

held s t a b l e  w i th in  5 2  C of a temperature approximating t h a t  expected a t  

t he  d i s p o s a l  s i t e  i n  t h e  season of t h e  proposed opera t ion .  Recommended 

experimental  temperatures a r e  given i n  t h e  fol lowing t a b u l a t i o n  on a 

seasonal  b a s i s  f o r  var ious  zoogeographic a r eas .  

Summer Winter CE Divis ion  EPA Region 

2 0 5 New England, North A t l a n t i c  I, 11*, I11 

2 5 12 South A t l a n t i c ,  Lower Miss i s s ipp i  Val ley ,  I V Y  V I  
Southwestern 

10  10  North P a c i f i c ,  South P a c i f i c  

2 5 25 P a c i f i c  Ocean 

* Puerto Rico and Virg in  I s l ands  a r e  i n  EPA Region 11, b u t  should u s e  
temperatures  recommended f o r  Region I V .  

** Mainland po r t ions  of Region I X  should use  South P a c i f i c  Div is ion  
temperatures;  P a c i f i c  i s l and  por t ions  of Region I X  should use  P a c i f i c  
Ocean Divis ion  temperatures.  

Bioassay Procedure 

15. The re ference  s u b s t r a t e ,  and perhaps t h e  dredged m a t e r i a l  

being t e s t e d ,  may i n i t i a l l y  conta in  l i v e  organisms of t h e  same spec ie s  

t o  be used i n  t h e  bioassay.  These must be removed by wet s i e v i n g  t h e  

sediment through a 1.0-nun sc reen  us ing  t h e  s m a l l e s t  amount of seawater 

poss ib le .  The water  and sediment must a l l  be r e t a i n e d  i n  a s e t t l i n g  

conta iner .  P lace  t h e  m a t e r i a l  r e t a i n e d  on t h e  sc reen  i n  a s o r t i n g  t r a y ,  

remove t h e  animals,  and r e t u r n  t h e  remainder t o  t h e  s e t t l i n g  conta iner .  

Allow t h e  sediment t o  s e t t l e  f o r  6 h r ,  decant  t h e  seawater  without  d i s -  

tu rb ing  t h e  sediment s u r f a c e ,  and then  mix t h e  sediment t o  ensure  homo- 

genei ty.  The animal-free dredged m a t e r i a l  i s  then  re turned  t o  i t s  

s to rage  con ta ine r s  and he ld  under t h e  cond i t i ons  s p e c i f i e d  i n  paragraph 

8 of Appendix B f o r  approximately 4 8  h r  u n t i l  needed. The animal-free 



r e fe rence  sediment i s  used a t  once a s  described i n  the  fol lowing para-  

graphs.  It i s  recognized t h a t  t he  screening and sedimentat ion procedure 

descr ibed  i n  t h i s  paragraph may r e s u l t  i n  some a l t e r a t i o n  of t he  b io log i -  

c a l  a v a i l a b i l i t y  of any contaminants present .  Although t h e  degree of 

a l t e r a t i o n  is unknown, i ts inf luence  on t e s t  r e s u l t s  i s  f e l t  t o  be mini- 

mal. This is  the  l e a s t  d i s r u p t i v e  method by which t h e  necessary t a s k  of 

removing indigenous animals from the  sediments can be accomplished. 

16. P a r t i a l l y  f i l l  each aquarium wi th  seawater and then add enough 

r e fe rence  sediment t o  produce an even 30-mm laye r  on t h e  bottom. A f t e r  

1 h r  t u r n  on t h e  seawater and allow it t o  run f o r  2 h r  before  any ani-  

mals a r e  added. I n  a s t a t i c  water system, t h e  seawater i s  replaced  

a f t e r  t h e  30-m l a y e r  of re ference  sediment has s e t t l e d  f o r  1 h r ,  be ing  

c a r e f u l  not  t o  resuspend the  deposi ted ma te r i a l .  

17. While the  re ference  sediment is  s e t t l i n g  i n  t h e  t e s t  a q u a r i a ,  

sediments i n  t h e  animal-holding tanks can be gen t ly  siphoned and s i eved  

through a 1.0-mm screen t o  r ecap tu re  t h e  t e s t  organisms. The utmost 

c a r e  should be taken when handling any of t he  animals t o  avoid damaging 

t h e  organisms. Discard any animals t h a t  a r e  dropped o r  phys ica l ly  

abused during t h e  t r a n s f e r .  References 1 and 2 provide i n s t r u c t i o n s  on 

handling and t r a n s f e r  procedures.  Specimens of each of t h e  f i v e  s p e c i e s  

a r e  randomly divided among f i n g e r  bowls equal  i n  number t o  a l l  a q u a r i a  

i n  t h e  bioassay.  Each bowl w i l l  conta in  20 ind iv idua l s  of each s p e c i e s .  

Af ter  t h e  water over t h e  r e fe rence  sediment has been c leared  a s  descr ib-  

ed i n  paragraph 16, the  t e s t  organisms a r e  re leased  from the  bowls t o  

t h e  aqua r i a  and allowed t o  acc l imate  f o r  48 h r .  I n  a s t a t i c  system, 75 

percent  of t h e  water i n  the  aqua r i a  may be replaced 24 h r  a f t e r  t h e  ani- 

mals a r e  introduced. 

18. During the  acc l imat ion  per iod ,  dead specimens can be removed 

from t h e  t e s t  aquar ia  and replaced  wi th  hea l thy  ind iv idua l s .  It is 

d i f f i c u l t  t o  determine t h e  exac t  m o r t a l i t y  of i n fauna l  spec ies  wi thout  

d i s t u r b i n g  t h e  sediment l a y e r .  However, i f  apparent  m o r t a l i t i e s  exceed 

10  percent  of t h e  seeded specimens of any spec ie s ,  t h i s  t e s t  must be  

discontinued and a new one begun. Species  s e l e c t i o n ,  c o l l e c t i o n ,  and 

holding techniques must then be  reexamined i n  an  e f f o r t  t o  reduce 



p r e t e s t i n g  mor ta l i ty  i n  t h e  new t e s t .  The bioassay procedure assumes 

a l l  o r i g i n a l  animals a r e  a l i v e  when the  dredged ma te r i a l  i s  in t roduced,  

and any undiscovered dead animals i n  the  re ference  sediment w i l l  there-  

f o r e  g ive  a f a l s e  impression of t he  e f f e c t s  of the  dredged m a t e r i a l .  

19. Af ter  t he  48-hr acc l imat ion  period,  t he  animals should be 

e s t ab l i shed  i n  the  re ference  sediment. The dredged m a t e r i a l  i s  d iv ided  

i n t o  a l i q u o t s  s u f f i c i e n t  t o  produce a 15-mm laye r  on top of t he  30-mm 

reference  sediment l a y e r  i n  t h e  t e s t  aquaria .  An a d d i t i o n a l  15-mm l a y e r  

of r e fe rence  sediment is  placed on the  con t ro l s .  The temperature of  t h e  

sediment a l i q u o t s  must be approximately t h a t  of the  s e a w a t e r ' i n  t h e  

aquar ia .  Turn the  water o f f  and remove a seawater volume s l i g h t l y  

g r e a t e r  than  the  dredged m a t e r i a l  volume to  be introduced. Treatments 

must be randomly assigned t o  t h e  aquar ia .  Each bioassay w i l l  c o n s i s t  of 

f i v e  a l i q u o t s  of c o n t r o l  sediment and f i v e  a l i q u o t s  from each sampling 

s i t e  w i th in  t h e  proposed dredging area .  The 15-mm laye r  i s  depos i t ed  

by evenly d i s t r i b u t i n g  the  sediment a l i q u o t  over the  water  su r face .  

Many sediments can be poured onto t h e  su r face  i f  they a r e  mixed w i t h  a 

small  volume of seawater.  Some crus taceans ,  such a s  mysid shrimp, w i l l  

no t  surv ive  the  phys ica l  d i s r u p t i o n  of t he  sediment addi,tion and must 

be placed i n  the aquar ia  immediately a f t e r  t he  t e s t  sediment a d d i t i o n .  

Af ter  allowing 1 h r  f o r  s e t t l i n g ,  t h e  seawater i s  turned on again.  I n  

a s t a t i c  water system, 75 percent  of t he  seawater is  replaced 1 and 48 

h r  a f t e r  t he  15-mm sediment a l i q u o t  i s  added and a t  48-hr i n t e r v a l s  

t h e r e a f t e r .  

20. The bioassay cont inues  f o r  10 days, during which d a i l y  

records should be kept  of obvious m o r t a l i t i e s ,  formation of tubes  o r  

burrows, and unusual behavior  p a t t e r n s .  Daily l e v e l s  of s a l i n i t y ,  

temperature, and d isso lved  oxygen content  of aquaria  water should be  

repor ted .  Gentle a e r a t i o n  o r  i nc reased  flow r a t e  should be used t o  

keep d isso lved  oxygen concen t ra t ion  above 4 ppm un les s  t h e r e  a r e  r e l i -  

a b l e  d a t a  t o  i n d i c a t e  t h a t  lower d isso lved  oxygen l e v e l s  would occur  

f o r  a s u b s t a n t i a l  period of t i m e  i n  t h e  f i e l d  during the  proposed 

d i sposa l  opera t ion  o r  t h a t  lower l e v e l s  occur n a t u r a l l y  a t  t h e  site. 

21. A f t e r  10 days, t u r n  o f f  t he  flow of water  and siphon the  



sediments through a 0.5-mm sc reen .  Mix t h e  m a t e r i a l  r e t a i n e d  on t h e  

sc reen  w i th  some seawater and s e a r c h  it thoroughly f o r  an imals .  Consider  

animals a l i v e  i f  they  show any response t o  g e n t l e  p rob ing  of a s e n s i -  

t i v e  p a r t .  Sub l e tha l  e f f e c t s  such a s  p a r t i a l  p a r a l y s i s  should  a l s o  

be  recorded.  For many ben th i c  spec i e s ,  an a p p r o p r i a t e  s u b l e t h a l  re- 

sponse c r i t e r i o n  is t h e  i n a b i l i t y  t o  burrow i n  sediments  o r  t o  excava te  

burrows. Specimens n o t  recovered must be considered dead. A l l  c r u s t a -  

ceans mol t  a t  r e g u l a r  i n t e r v a l s ,  shedding a complete exoske le ton .  Care 

should be  taken n o t  t o  count  an exoskeleton a s  a dead animal .  Dead an i -  

m a l s  may decompose o r  be  e a t e n  between observa t ions .  Therefore ,  always 

count l i v i n g ,  no t  dead an imals .  A sample of recovered specimens n o t  

needed f o r  f u r t h e r  a n a l y s i s  should  be preserved i n  fo rma l in  i f  needed 

f o r  v e r i f i c a t i o n  of s p e c i e s  i d e n t i f i c a t i o n .  I f  animals  from t h e  bio- 

a s say  a r e  t o  be  used i n  e s t i m a t i n g  bioaccumulation p o t e n t i a l ,  t h e  s u r v i -  

v o r s  should be  g e n t l y  and r a p i d l y  counted and t r e a t e d  as d i s cus sed  i n  

Appendix G ,  beginning w i t h  paragraph 12.. 

Analys i s  and I n t e r p r e t a t i o n  of Resu l t s  

22. According t o  Secti0.n 227.13 of t h e  Reg i s t e r ,  

can be  considered envi ronmenta l ly  accep t ab l e  f o r  ocean 

b ioassay  and mixing r e s u l t s  i n d i c a t e  t h a t  t h e  l i m i t i n g  p e r m i s s i b l e  con- 

dredged material 

d i s p o s a l  on ly  i f  

c e n t r a t i o n  (LPC) w i l l  n o t  be  exceeded (Sec t ion  227.27). The pr imary 

o b j e c t i v e  of t h e  b ioa s say  is  t o  de te rmine  i f  t h e r e  is a s t a t i s t i c a l l y  

s i g n i f i c a n t  dec rea se  i n  mean s u r v i v a l  of a l l  s p e c i e s  in  t h e  dredged 

m a t e r i a l  t r e a tmen t ( s )  r e l a t i v e  t o  t h e  c o n t r o l .  

23. It is  impor tan t  t o  r e a l i z e  t h a t  a s t a t i s t i c a l l y  s i g n i f i c a n t  

e f f e c t  i n  a b ioas say  does  n o t  n e c e s s a r i l y  imply t h a t  an e c o l o g i c a l l y  

important  impact would occur  i n  t h e  f i e l d .  Th i s  must be  kep t  i n  mind 

when i n t e r p r e t i n g  r e s u l t s ,  p a r t i c u l a r l y  i n  c a s e s  where a d i f f e r e n c e  of 

smal l  magnitude between s u r v i v a l  i n  t h e  c o n t r o l  and test sediments  is 

shown t o  b e  s t a t i s t i c a l l y  s i g n i f i c a n t .  A t  p r e s e n t  t h e r e  is  no quant i -  

t a t i v e  method f o r  e s t i m a t i n g  t h e  magnitude of such a d i f f e r e n c e  t h a t  

might r e l i a b l y  be assumed t o  p r e d i c t  t h e  occur rence  of adve r se  impact 



on animals i n  the  f i e l d .  However, there  is a general  f e e l i n g  among ln r l l l y  

s c i e n t i s t s  t h a t  d i f f e rences  between contro l  and treatment surv ivn l  of 10 

percent a r e  necessary i n  most cases before predic t ions  of probable 

impact can be made. Of course, regardless of the  magnitude of the  

d i f ference  between mean s u r v i v a l  l eve l s ,  i f  the means a r e  not shown t o  

be s t a t i s t i c a l l y  d i f f e r e n t ,  they must be regarded a s  equal .  

24. The s t a t i s t i c a l  example given l a t e r  analyzes t o t a l  mor ta l i ty  

of a l l  species.  The s e n s i t i v i t y  of t h i s  procedure may be increased,  i f  

desired,  by blocking the  da ta  on species using the  method given i n  Table 

11.7 on page 327 of Sokal and ~ o h l f  .3 Survival of ind iv idua l  species  

can be analyzed by the  same s t a t i s t i c a l  t e s t s  a s  the  combined s u r v i v a l  

of a l l  f i v e  t e s t  species .  The r e l a t i v e  s e n s i t i v i t y  of the  d i f f e r e n t  

species could r e f l e c t  phylogenetic s u s c e p t i b i l i t y  t o  c e r t a i n  toxicants .  

I f  d i f ferences  i n  mean su rv iva l  a r e  not s i g n i f i c a n t ,  a n a l y s i s  of sub- 

l e t h a l  responses such a s  pa ra lys i s ,  i n a b i l i t y  t o  burrow, o r  bioaccumula- 

t i o n  may i n d i c a t e  p o t e n t i a l l y  unacceptable impact. Such responses may 

a l s o  be analyzed by t h e  s t a t i s t i c a l  method presented below. 

Data presenta t ion  

25. Present da ta  i n  a t a b l e  giving the  s c i e n t i f i c  name of the  t e s t  

species,  the  number of animals seeded, and the  of animals re- 

covered a l i v e  from each aquarium. I f  g rea te r  than an average of 10- 

percent mor ta l i ty  occurs i n  the  con t ro l s ,  a l l  da ta  must be discarded and 

the  experiment repeated. The 10-day t e s t  period rep resen t s  a major por- 

t ion  of the  l i f e  span of some species  such a s  mysid shrimp, and unless  

the  t e s t  i s  begun with juven i l e s ,  mor ta l i ty  g r e a t e r  than 10-percent may 

be expected from n a t u r a l  causes.  Unacceptably high c o n t r o l  mor ta l i ty  

indica tes  the  presence of important s t r e s s e s  on the  organisms o the r  than 

the  mater ia l  being t e s t e d ,  such a s  in jury  o r  d isease ,  s t r e s s f u l  physical  

o r  chemical condit ions i n  t h e  t e s t  conta iners ,  improper handling o r  

acclimation, o r  perhaps an adverse impact from an unsu i t ab le  o r  contami- 

nated reference  sediment. 

26. I f  l e s s  than 10-percent mor ta l i ty  occurs i n  t h e  con t ro l s ,  the  

da ta  may be evaluated.  I t  i s  poss ib le  t h a t  the  s o l i d  phase of some 

dredged mate r i a l  w i l l  produce no morta l i ty ,  and t o t a l  s u r v i v a l  i n  the  



dredged m a t e r i a l  may b e  equa l  t o  o r  h ighe r  than s u r v i v a l  i n  t h e  r e f e r e n c e  

s u b s t r a t e  con t ro l s .  I f  s o ,  v i s u a l  i n s p e c t i o n  of t h e  d a t a  is  adequate ,  

and no s t a t i s t i c a l  ana ly se s  a r e  needed. Such cases have  been documented 

and i n  no way r e f l e c t  on t h e  q u a l i t y  of t h e  b ioassay ,  simply i n d i c a t i n g  

an  absence of l e t h a l  e f f e c t s  of t h e  dredged m a t e r i a l .  

S t a t i s t i c a l  a n a l y s i s  

27. I f  s u r v i v a l  i n  t h e  r e f e r ence  s u b s t r a t e  c o n t r o l  i s  h ighe r  than 

t h a t  i n  t h e  dredged m a t e r i a l ,  t h e  d a t a  must be compared s t a t i s t i c a l l y .  

The fo l lowing  example is a hypo the t i ca l  c a se  i n  which dredged m a t e r i a l  

from t h r e e  sampling s t a t i o n s  i n  t h e  dredging s i t e  were analyzed,  g iv ing  

a t o t a l  o f  f ou r  t r ea tmen t s  i nc lud ing  t h e  r e f e r e n c e  s u b s t r a t e .  The hypo- 

t h e t i c a l  d a t a  a r e  shown i n  Table F2. 

Table  F2 

Hypothe t ica l  Resu l t s  of a S o l i d  Phase Dredge M a t e r i a l  
Bioassay Using Three Samples of Dredged M a t e r i a l  

T o t a l  Surv iv ing  Animals 
Reference 

R e p l i c a t e  S u b s t r a t e  Dredged M a t e r i a l  Sample 
(n = 5 )  Con t ro l  1 2  3 

1 85 7 1 94 7 9 

3 9 2 

4 96 

5 9 2 - 
sum of d a t a  = C X  = 455 

- C X  - 
mean, X = - - n 

91.0 

2 
sum of squared d a t a  = C X  = 41,469 

c o r r e c t e d  sum of squa re s ,  

2 ( C X ) ~  CSS = C X  - - = n 64.0 

2 CSS - v a r i a n c e ,  S = - - n-1 
16.0 

28. An a n a l y s i s  of va r i ance  (ANOVA) i s  used t o  compare t h e  mean 

s u r v i v a l  i n  t h e  r e f e r e n c e  s u b s t r a t e  c o n t r o l  t o  t h e  mean s u r v i v a l  i n  t h e  

dredged m a t e r i a l  samples.  I n  ca se s  where i t  is  f e l t  t h a t  adequate 



information may be obtained from one sampling s t a t i o n  i n  the drcdglng  

s i t e ,  t h e  da ta  may be analyzed by a t - t e s t  analogous t o  t h a t  discusucd 

i n  paragraphs :20 through 27 of Appendix D. 

29.  Before an ANOVA can be performed, i t  i s  necessary t o  determine 

whether the  variances of t h e  da ta  s e t s  a r e  homogeneous. This i s  de te r -  

mined by Cochran's t e s t  f o r  the  homogeneity of variances.  The C-value 

is ca lcu la t ed  a s  the  r a t i o  of the  l a r g e s t  var iance  t o  t h e  sum of a l l  

var iances .  

3 
max c=-=-- 

702 
71*8 - 0.5366 133.8 

where 

s2 = l a r g e s t  var iance  among the  d a t a  s e t s  max 

,Zs2 = sum of a l l  the  var iances  

30. This C-value i s  evaluated by comparing i t  t o  the  tabula ted  

C-value given i n  the  t a b l e  t h a t  i s  Enclosure 1 t o  Appendix D.  I n  t h e  

t ab le ,  k i s  t h e  number of t reatment  var iances  summed i n  t h e  denominator 

(4 i n  t h i s  case ) ,  and v i s  one l e s s  than the  number of observat ions con- 

t r i b u t i n g  t o  each variance (5 - 1 = 4 i n  t h i s  case) .  Therefore, t h e  

tabulated C-value i n  t h i s  example is  0.6287. 

31. Since the  ca lcu la t ed  C-value is  smal ler  than t h e  tabula ted  C- 

value,  the  ca lcu la t ed  value i s  no t  s i g n i f i c a n t  a t  the 95-percent conf i -  

dence l e v e l ,  and the  var iances  may be considered homogeneous. If  the  

ca lcula ted  C-value is  l a r g e r  than t h e  t abu la t ed  C-value, the  var iances  

a r e  no t  homogeneous. I n  t h i s  case  before  any ANOVA ca lcu la t ions  a r e  

performed, a t r ans fo rna t ion  should be performed on a l l  d a t a  i n  order  t o  

achieve homogeneity of var iances .  This may be done by obtaining e i t h e r  

the  n a t u r a l  logarithm of (X + l ) ,  o r  t h e  a r c s i n  fi where X i s  t h e  datum. 

I f  the a r c s i n  K t r a n s f o r m a t i o n  i s  t o  be used, t h e  da ta  must f i r s t  be 

converted t o  percents  and expressed a s  decimal f r a c t i o n s  ( i . e . ,  0.92 

su rv iva l ,  no t  92-percent s u r v i v a l ) .  Recalcula te  the  C-value using d a t a  

transformed by e i t h e r  of these  methods. I f  var iances  a r e  now found t o  

be homogeneous, use t h e  transformed d a t a  i n  a l l  ANOVA ca lcu la t ions .  I f  



var iances  a r e  st i l l  nonhomogeneous, an approximate t e s t  of t h e  e q u a l i t y  

of means given by Sokal and Rohlf i n  t h e i r  Box 1 3 . 2 ~  should be used. 

32. ANOVA equat ions and ca l cu la t ions  f o r  t h e  da ta  of Table F2 a r e  

given i n  Table F3. The va lues  on t h e  t h i r d  l i n e  of t h e  t a b l e  (Tota l )  

should be the same whether they a r e  ca lcula ted  by t h e  equat ion  o r  ob- 

t a ined  by summing the  corresponding treatment and e r r o r  va lues ,  t hus  

providing an easy means of checking t h e  accuracy of t h e  c a l c u l a t i o n s .  

The ca lcula ted  F-value i s  evaluated by comparison wi th  the  t abu la t ed  F- 

va lue  from Reference 4 a t  t he  0.05-probability l e v e l  wi th  t h e  appropri-  

a t e  df .  The d f ' s  a r e  those  given f o r  t h e  t reatments  and e r r o r ,  re- 

spec t ive ly ,  i n  Table F3. The tabula ted  F-value wi th  3 and 16 df is  

shown a t  t he  bottom of Table F3. Since t h e  ca l cu la t ed  F-value exceeds 

t h e  tabula ted  value, t h e r e  is  a s t a t i s t i c a l  d i f f e rence  between mean 

s u r v i v a l  among t h e  four  s e t s  of da t a .  I f  t h e  ca l cu la t ed  F-value had 

been equal  t o  o r  l e s s  than  t h e  t abu la t ed  value,  t h e r e  would b e  no 

s t a t i s t i c a l  d i f f e rences  between s u r v i v a l  i n  t h e  re ference  s u b s t r a t e  

con t ro l s  and any of t h e  dredged m a t e r i a l  samples. I n  t h a t  ca se ,  t h e  

a n a l y s i s  would be complete a t  t h i s  p o i n t  wi th  no ind ica t ion  of p o t e n t i a l  

adverse impact of t h e  s o l i d  phase. 

33. When the  c a l c u l a t e d  F-value exceeds t h e  t abu la t ed  va lue ,  it i s  

then necessary t o  determine which dredged ma te r i a l  means d i f f e r  s i g n i f i -  

can t ly  from t h e  r e fe rence  s u b s t r a t e  c o n t r o l  mean. This may be  done by 

t h e  Student-Newman-Keuls mult iple-range t e s t  given by Sokal and Rohlf i n  

t h e i r  Box 9 .gm3 Least  s i g n i f i c a n t  ranges (LSR) used i n  t h i s  process  a r e  
' 

t h e  product of t he  pooled s tandard  e r r o r  of t he  group mean (SX) and t h e  

s tudent ized  ranges (Q) g iven  i n  Rohlf and Sokal 's  Table U .  4  

where t h e  terms a r e  t aken  from Table F3. 

34. A t  t he  0.05-level of s i g n i f i c a n c e ,  t h e  Q and LSR va lues  f o r  

t h e  number of means (K) = 2, 3,  and 4 a re :  



Table F3 

ANOVA Equations and Calculations for the Data from Table F2 

Source of 
Variation 

Treatmentst 

Error 

Total 

Degree of 
Freedom 

Equation Value 
Sum of Squares (SS) 
Equation Value - 

CCSS 535.2 

Mean Square (MS) F 
Equation Value Equation Value 

"treatment 587*33 MStreatment 
17.56* 

a- 1 
MSerror 

tNumber of treatments a = 4 



L 3 4 4 --- 
Q(Roh1f and Sokal ,  Table U ) = 2.998 3.649 4.046 

35. The mult iple-range test i s  completed by a r r a n g i n g  f o r  f o u r  

t reatment  means i n  i n c r e a s i n g  o rde r  and then comparing t h e  d i f f e r e n c e  

between means with t h e  LSR f o r  t h e  number of means (K) i n  t h e  range 

sepa ra t i ng  t h e  two be ing  compared. That is, f o r  two a d j a c e n t  means K = 

2; f o r  comparing means s epa ra t ed  by one mean, t h e r e  is  t h e  i n t e rven ing  

mean and t h e  two be ing  compared, s o  t h a t  K = 3. It is  necessary  t o  

compare each dredged m a t e r i a l  mean t o  t h e  c o n t r o l  mean, b u t  no t  t o  com- 

pa re  t reatment  means among themselves.  Such comparisons between t r e a t -  

ment means are no t  neces sa ry  f o r  pe rmi t t i ng  d e c i s i o n s ,  b u t  could provide 

u s e f u l  managerial  in format ion  by d i s t i n g u i s h i n g  sediments  caus ing  a  

g r e a t  impact from t h o s e  caus ing  a  smaller bu t  s t i l l  s t a t i s t i c a l l y  s ign i f -  

i c a n t  impact. The comparison of t rea tment  means t o  t he  c o n t r o l  f o r  t h e  

above example i s  given below. 

Treatment Means Computed from Table F2 

Mean Comparison 
K LSR - Difference  Between Means - - 
3 9.45 Xc 

- X1 = 91.0 - 70.4 = 20.6* 

Note: En t ry  of * i n d i c a t e s  d i f f e r e n c e  between 
means i s  s i g n i f i c a n t  a t  t h e  0.05- 
p r o b a b i l i t y  l e v e l ;  n. s. i n d i c a t e s  
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  

36. When t h e  d i f f e r e n c e  between two means i s  g r e a t e r  than  t h e  LSR, 

t h e  d i f f e r e n c e  between t h o s e  means is  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  

0.05-probabi l i ty  l e v e l .  The re fo re ,  t h e  mult iple-range t e s t  ha s  shown 



t h a t  t he  mean s u r v i v a l  i n  dredged ma te r i a l  samples 1 and 3 i s  s t n t l s t l -  

c a l l y  lower than s u r v i v a l  i n  the  reference s u b s t r a t e  c o n t r o l ,  while tlw 

s u r v i v a l  i n  dredged ma te r i a l  sample 2 i s  not s t a t i s t i c a l l y  d i f f e r e n t  

from t h a t  i n  the con t ro l .  The d i f f e rence  between s u r v i v a l  i n  the con- 

t r o l  and samples 1 and 3 is  g r e a t e r  than the  minimum d i f f e r e n c e  genera l ly  

consi.dered t o  i n d i c a t e  the  p robab i l i t y  of b i o l o g i c a l l y  important e f f e c t s ,  

a s  discussed i n  paragraph 23. Had the  treatment and c o n t r o l  means shown 

a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rence  of only a few percent ,  t h e  predic-  

t i o n  of important e f f e c t s  would be much more tenuous. 

Limiting permissible  concentrat ion 

37. The LPC of t h e  s o l i d  phase of dredged m a t e r i a l  is  defined i n  

paragraph 227.27(b) of t h e  Regis te r  a s  t h a t  concent ra t ion  o f  s o l i d s  t h a t  

w i l l  no t  cause "unreasonable e f f e c t s "  beyond the  d i sposa l  s i t e  boundary. 

Paragraphs 227 .29 (a) and (b) (2) c l e a r l y  imply t h a t  t he  i n i t i a l  d i spe r s ion  

of t he  s o l i d  phase t h a t  occurs  wi th in  4 h r  a f t e r  d i s p o s a l  i s  t o  be con- 

s idered  i n  determining whether t h e  LPC would be exceeded. A t  p resent  

t he re  a r e  no o b j e c t i v e  methods f o r  considering i n i t i a l  mixing and 

d ispers ion  i n  the  i n t e r p r e t a t i o n  of s o l i d  phase b ioassay  da ta .  There- 

f o r e ,  t h i s  guidance takes  t h e  environmentally p r o t e c t i v e  approach t h a t  

the  LPC of t h e  s o l i d  phase is  ope ra t iona l ly  determined by the  r e s u l t s  

of t h e  s o l i d  phase b ioassays .  I f  t h e  d i f f e r e n c e  i n  mean s u r v i v a l  be- 

tween animals i n  the  c o n t r o l  and t e s t  sediments i s  s t a t i s t i c a l l y  s i g n i f i -  

cant  and g r e a t e r  than 10 percent ,  a s  i n  t h i s  example, t h e  LPC would be 

considered t o  be exceeded, and the  bioassay would be  considered t o  have 

shown the  m a t e r i a l  t o  have a r e a l  p o t e n t i a l  f o r  causing environmentally 

unacceptable impacts on ben th ic  organisms. This method of in t e rp re t a -  

t i o n  based on s t a t i s t i c a l l y  s i g n i f i c a n t  mean d i f f e r e n c e s  of a t  l e a s t  

10 percent  should be  used only  wi th  t h e  s o l i d  phase bioassay technique. 

The l e v e l  of 10 percent  i s  s u b j e c t  t o  r e v i s i o n  i f  warranted by f u r t h e r  

s t u d i e s  and experience,  b u t  i s  t h e  l e v e l  p r e s e n t l y  considered most 

r e a l i s t i c  f o r  environmental p r o t e c t i o n  purposes by those  most f a m i l i a r  

with so l id  phase dredged m a t e r i a l  b ioassays .  
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APPENDIX G: GUIDANCE FOR ASSESSING BIOACCUMULATION POTENTIAL 

In t roduct ion  

1. The ocean d isposa l  c r i t e r i a  r equ i re  t h a t  t he  p o t e n t i a l  f o r  

bioaccumulation of contaminants from dredged ma te r i a l  b e  evaluated i n  

the  t e c h n i c a l  assessment of permit app l i ca t ions .  This r equ i re s  pre- 

d i c t i n g  whether the re  w i l l  be a cause-and-effect r e l a t i o n s h i p  between an 

animal 's presence i n  t h e  a rea  inf luenced by t h e  dredged m a t e r i a l  and a 

s i g n i f i c a n t  e l eva t ion  of i ts  t i s s u e  content  o r  body burden of contami- 

nants  above t h a t  i n  s i m i l a r  animals no t  inf luenced by t h e  d i sposa l  of 

dredged ma te r i a l .  That is ,  i t  must b e  p red ic t ed  whether an animal 's  

exposure t o  t h e  inf luence of t h e  dredged m a t e r i a l  is  l i k e l y  t o  cause a 

meaningful e l eva t ion  of contaminants i n  i t s  body. 

2. A v a r i e t y  of labora tory  research  methods f o r  measuring bio-  

accumulation a r e  present ly  undergoing modif ica t ion  and evalua t ion  a s  

r egu la to ry  t o o l s .  A l l  such methods r e q u i r e  one month o r  more f o r  com- 

p l e t i o n  and provide no q u a n t i t a t i v e  method f o r  cons ider ing  f i e l d  con- 

d i t i o n s  such a s  mixing i n  t h e  i n t e r p r e t a t i o n  of t h e  r e s u l t s ,  a s  requi red  

by t h e  Regis te r .  F ie ld  sampling programs overcome t h e  l a t t e r  d i f f i c u l t y  

s ince  t h e  animals a r e  exposed t o  t h e  cond i t ions  of mixing and sediment 

t r anspor t  a c t u a l l y  occurr ing a t  t h e  d i s p o s a l  si te i n  quest ion.  The 

former d i f f i c u l t y  i s  a l s o  overcome i f  organisms a l ready l i v i n g  a t  t h e  

d i s p o s a l  s i t e  a r e  u t i l i z e d  i n  t h e  bioaccumulation s t u d i e s .  The use  of 

t h i s  approach f o r  p r e d i c t i v e  purposes i s  t e c h n i c a l l y  v a l i d  only where 

the re  e x i s t s  a t r u e  h i s t o r i c a l  precedent  f o r  t h e  proposed opera t ion  

being evaluated.  That i s ,  i t  can b e  used only  i n  t h e  c a s e  of mainte- 

nance dredging where t h e  q u a l i t y  of t h e  sediment t o  b e  dredged i s  

considered no t  t o  have d e t e r i o r a t e d  o r  become more contaminated s ince  

the  l a s t  dred,ging and d i s p o s a l  opera t ion .  I n  add i t ion ,  t h e  d i sposa l  

must be  proposed f o r  t h e  s i t e  a t  which t h e  dredged m a t e r i a l  i n  quest ion 

has been previous ly  disposed o r  f o r  a s i t e  of s i m i l a r  sediment type 

support ing a s i m i l a r  b i o l o g i c a l  community. 

3 .  Considering these  l i m i t i n g  cond i t ions  and following the  



procedure given below, i t  is p o s s i b l e  t o  a s s e s s  bioaccurnulation by 

animals t h a t  have spent  major po r t ions  of t h e i r  l i f e  i n  o r  on a sediment 

very s i m i l a r  t o  t h e  sediment i n  ques t ion  under t he  phys i ca l  and chemical 

condi t ions  ac tua l ly  occurr ing a t  t h e  d i s p o s a l  s i t e .  Caged animals of 

s u i t a b l e  spec i e s  may a l s o  be placed at appropr i a t e  s t a t i o n s  i n  and 

around t h e  d isposa l  s i te ,  bu t  t h i s  w i l l  r equ i r e  a s u b s t a n t i a l  exposure 

time be fo re  ana lys is .  I f  t h e  cond i t i ons  discussed above cannot be met 

i n  t h e  f i e l d ,  a general  approximation of bioaccumulation p o t e n t i a l  may 

be obtained a s  described l a t e r  i n  t h i s  appendix from animals used i n  t h e  

suspended p a r t i c u l a t e  o r  s o l i d  phase bioassays.  

F i e ld  Assessment of Bioaccumulation P o t e n t i a l  

Apparatus 

4.  The following is a g e n e r a l  d e s c r i p t i o n  of t h e  major items re- 

quired.  Addit ional  miscel laneous equipment w i l l  have t o  be furn ished .  

a .  A v e s s e l  capable  of ope ra t ing  a t  the  d i s p o s a l  s i t e  and - 
equipped t o  handle b e n t h i c  sampling devices .  Navigation, 
equipment must b e  s u f f i c i e n t  t o  al low p r e c i s e  p o s i t i o n i n g .  

b. Sampling devices  such a s  a Smith-MacIntyre o r  o t h e r  b e n t h i c  - 
grab. Corers a r e  less s a t i s f a c t o r y  s i n c e  they sample a 
smaller  s u r f a c e  a r e a  and have a g r e a t e r  pene t r a t ion  than  
is  needed. 

c .  S t a i n l e s s  s teel  s c r e e n s  of 1-mm mesh t o  remove animals from - 
t h e  sediment. 

d .  Tanks s u f f i c i e n t  f o r  t r a n s p o r t i n g  t h e  animals t o  t h e  labora-  - 
t o r y  i n  c o l l e c t i o n  s i te  water .  

e .  Laboratory f a c i l i t i e s  f o r  holding t h e  animals p r i o r  t o  - 
ana lys i s .  

f .  Chemical and a n a l y t i c a l  f a c i l i t i e s  a s  requi red  f o r  t h e  - 
des i red  ana lyses .  

Species  s e l e c t i o n  

5. The spec i e s  s e l e c t e d  f o r  a n a l y s i s  must occur i n  s u f f i c i e n t  

numbers f o r  c o l l e c t i o n  of an  adequate  sample a t  a l l  s t a t i o n s .  The same 

spec ie s  must be co l l ec t ed  a t  a l l  s t a t i o n s  s i n c e  comparisons of bioaccu- 

mulat ion cannot be made a c r o s s  s p e c i e s  l i n e s .  

6 .  For each spec i e s  a t .  each s t a t i o n ,  a minimum of s e v e r a l  grams 



of t i s s u e ,  a s  ind ica ted  i n  t h e  re ferences  given i n  paragraph 20, must 

be c o l l e c t e d  t o  provide s u f f i c i e n t  sample t o  allow measurement of chemi- 

c a l  concentrat ions.  In  samples t h a t  do not  contain s u f f i c i e n t  t i s s u e ,  

i t  w i l l  be impossible t o  quan t i fy  t h e  amount of contaminant p re sen t .  

Since d a t a  i n  t he  form of "concentrat ion below de tec t ion  l i m i t s "  i s  

no t  q u a n t i t a t i v e ,  i t  is  v i t a l  t h a t  s u f f i c i e n t  t i s s u e  t o  a l low d e f i n i t i v e  

measurement of concentrat ion be c o l l e c t e d  f o r  each spec i e s  a t  each s t a -  

t i o n .  It is  a l s o  important t h a t  exac t ly  equal masses of t i s s u e  be 

analyzed f o r  each s t a t i o n .  I f  poss ib le ,  s eve ra l  samples of s u f f i c i e n t  

s i z e  f o r  ana lys i s  should be c o l l e c t e d  a t  each sampling s t a t i o n  i n  o rde r  

t o  provide a  s t a t i s t i c a l  e s t ima te  of v a r i a b i l i t y  i n  t i s s u e  content  of 

t h e  contaminants of concern. The c o l l e c t i o n  of more than one sample per  

s t a t i o n ,  however, may prove impossible  i n  p r a c t i c e  i f  sma l l  organisms 

must be used o r  i f  s u i t a b l e  organisms a r e  n o t  abundant a t  t h e  d i s p o s a l  

s i t e .  In  such cases  t he  use  of caged animals,  a s  discussed i n  paragraph 

10, may be advisable .  

7 .  It i s  d e s i r a b l e  t o  s e l e c t  t h e  l a r g e s t  app ropr i a t e  s p e c i e s  so  a s  

t o  minimize the  numbers and c o l l e c t i o n  e f f o r t  requi red .  However, h ighly  

mobile epifauna (such a s  c r abs ,  l o b s t e r s ,  shrimp, and f i s h )  should n o t  

be used, s i n c e  t h e i r  l o c a t i o n  when c o l l e c t e d  cannot be r e l a t e d  t o  t h e i r  

body burden a t  t h e  time of c o l l e c t i o n  i n  any p o t e n t i a l  cause-and-effect 

manner. Therefore,  r e l a t i v e l y  immobile spec i e s  t h a t  a r e  f a i r l y  l a r g e ,  

such a s  b iva lves ,  some gas t ropods ,  l a r g e  polychaetes ,  e t c . ,  a r e  t h e  

most d e s i r a b l e  organisms. Any r e l a t i v e l y  immobile s p e c i e s  c o l l e c t a b l e  

i n  s u f f i c i e n t  numbers a t  a l l  s t a t i o n s  may be used, bu t  t h e  r equ i r ed  

c o l l e c t i o n  e f f o r t  i nc reases  sha rp ly  a s  organism s i z e  decreases .  

Sampling design and conduct 

8. S u f f i c i e n t  t i s s u e  t o  o b t a i n  d e f i n i t i v e  body burden va lues  must 

be co l l ec t ed  from each of a t  l e a s t  t h r e e  s t a t i o n s  wi th in  t h e  d i s p o s a l  

s i t e  boundaries and from each of a t  l e a s t  s i x  s t a t i o n s  o u t s i d e  the  

d i sposa l  s i t e .  The s t a t i o n s  o u t s i d e  t h e  s i t e  must be loca ted  i n  a r e a s  

wi th  a  s u b s t r a t e  sed imento logica l ly  s i m i l a r  t o  t h a t  wi th in  t h e  d i s p o s a l  

s i t e .  These s t a t i o n s  o u t s i d e  t h e  d i s p o s a l  s i t e  w i l l  s e rve  two purposes.  

I f  t he  d i r e c t i o n  of n e t  bottom t r a n s p o r t  a t  t h e  s i t e  is  known, a t  l e a s t  



t h r e e  s t a t i o n s  should be loca ted  i n  a  s u b s t r a t e  s i m i l a r  t o  t h a t  w i th in  

t h e  s i te  and i n  t h e  path of t r anspor t  away from t h e  s i t e .  The da ta  from 

these  s t a t i o n s  w i l l  provide an  ind ica t ion  of uptake of any contaminants 

t ransported out  of t h e  d i sposa l  s i te.  A t  l e a s t  t h r e e  s t a t i o n s  m u s t  also  

be loca ted  i n  an uncontaminated sediment sedimentological ly similar t o  

t h a t  wi th in  the  si te,  but  i n  a  d i r e c t i o n  opposi te  t h a t  of t h e  n e t  bottom 

t r anspor t .  Data from these  s i t e s  w i l l  provide a  r e fe rence  l e v e l  of 

contaminants i n  t i s s u e s  t o  which those l e v e l s  found i n  and downstream 

from t h e  d isposa l  s i te  may be compared. I f  the  d i r e c t i o n  of n e t  bottom 

t r anspor t  i s  not  known, a t  l e a s t  s i x  s t a t i o n s  surrounding t h e  d i s p o s a l  

s i te  should be e s t ab l i shed  i n  sediments sedimentological ly s i m i l a r  t o  

those  within the  d i sposa l  s i te .  

9. I n  a l l  cases  it is mandatory t h a t  s eve ra l  s t a t i o n s  be sampled, 

r a t h e r  than co l l ec t ing  a l l  of the  animals a t  one s t a t i o n .  This  w i l l  

provide a  measure of t h e  v a r i a b i l i t y  t h a t  e x i s t s  i n  t i s s u e  concent ra t ions  

i n  t h e  animals i n  t h e  a rea .  Samples from a l l  s t a t i o n s  should be c o l l e c t -  

ed t h e  same day i f  poss ib l e  and i n  any case  wi th in  four  days. 

10. I f  caged animals placed around t h e  d i sposa l  s i t e  a r e  u t i l i z e d  

ins tead  of f r e e  animals l i v i n g  the re  n a t u r a l l y ,  a l l  t h e  cons ide ra t ions  

of paragraphs 8 and 9 must be evaluated i n  s e l e c t i n g  t h e  sampling s t a -  

t i o n s ,  including t h e  sedirnentological s i m i l a r i t y  of t h e  s u b s t r a t e  a t  a l l  

s t a t i o n s .  The cages must be designed and pos i t ioned  such t h a t  t he  ani-  

mals a r e  a b l e  t o  burrow o r  e s t a b l i s h  t h e i r  n a t u r a l  r e l a t i o n s h i p  t o  t h e  

sediment i n  order  t o  t r u l y  eva lua te  t h e  inf luence  of t h e  dredged mate- 

r i a l  on bioaccumulation p o t e n t i a l .  Cages should n o t  be  constructed of 

metal  o r  coated wi th  m a t e r i a l  t h a t  may l each  t h e  contaminants of concern. 

They must be anchored and marked on t h e  su r face  s o  t h a t  they can be 

r e l i a b l y  loca ted  and recovered.  

11. When the  c o l l e c t i o n  v e s s e l  has  been pos i t ioned ,  repeated 

c o l l e c t i o n s  a r e  made a t  t h e  same spo t  u n t i l  an adequate sample is  ob- 

ta ined.  The sediment obta ined  by t h e  sampler i s  hosed through 1-mm 

s t a i n l e s s  steel screens ,  and t h e  r e t a ined  ind iv idua l s  of t h e  des i r ed  

spec ies  a r e  placed i n  holding tanks.  I n  a l l  ca ses  no animal wi th  any 

ind ica t ion  of i n j u r y  should be  r e t a i n e d .  



i 12.  Return t h e  animals t o  t he  l abo ra to ry ,  being c a r e f u l  to I ~ i b o l  

t h e  samples c l e a r l y  and keep them separated and t o  ma in t a in  n o n s t r c ~ ~ f u ]  

temperature and dissolved oxygen l e v e l s .  I n  t he  l a b o r a t o r y ,  maintain 

t h e  samples i n  c l ean  water i n  s epa ra t e  conta iners .  No sediment i s  

1 placed i n  t h e  conta iners  and t h e  animals a r e  not  fed .  Any organisms 

t h a t  d i e  must be immediately discarded.  Feca l  m a t e r i a l  i s  siphoned from 

the  aquar ia  twice d a i l y  u n t i l  l i t t l e  more i s  produced, i n d i c a t i n g  t h a t  

a l l  m a t e r i a l  has  been voided from the  d i g e s t i v e  t r a c t s .  This  probably 

w i l l  be  completed wi th in  2 t o  3 days a f t e r  c o l l e c t i o n ,  and sooner w i th  

smal l  animals.  A more d e s i r a b l e  procedure, i f  animals  a r e  l a r g e  enough 

t o  make i t  p r a c t i c a l ,  i s  t o  exc i se  t h e  d i g e s t i v e  t r a c t s  soon a f t e r  

c o l l e c t i o n  r a t h e r  than  al lowing t h e  animals t o  e x c r e t e  t h e i r  conten ts .  

It i s  necessary t o  empty o r  remove the  d i g e s t i v e  t r a c t s  s i n c e  m a t e r i a l  

t h e r e i n  may w e l l  conta in  i n e r t  c o n s t i t u e n t s  and t h e  contaminants of 

I concern i n  forms t h a t  do not  become b i o l o g i c a l l y  a v a i l a b l e  dur ing  

passage through t h e  d i g e s t i v e  t r a c t .  Such m a t e r i a l  would a l s o  probably 

be unavai lab le  while  pass ing  through t h e  d i g e s t i v e  t r a c t  of any preda tor  

t h a t  might have inges ted  t h e  animals being analyzed. Therefore,  s i n c e  

t h e  d i g e s t i v e  t r a c t  conten t  has  no t  been incorpora ted  i n t o  t h e  t i s s u e ,  

i t  would g ive  a n  a r t i f i c i a l l y  h igh  i n d i c a t i o n  of bioaccumulation i f  i t  

were included i n  t h e  a n a l y s i s .  

13. The s h e l l s  o r  exoskeletons of molluscs o r  c rus taceans  a r e  re -  

moved and no t  included i n  t h e  a n a l y s i s .  These s t r u c t u r e s  gene ra l ly  con- 

t a i n  low l e v e l s  of contaminants and would c o n t r i b u t e  weight b u t  l i t t l e  

contaminants i f  they were inc luded  i n  t h e  a n a l y s i s .  This  would g ive  an 

a r t i f i c i a l l y  low i n d i c a t i o n  of bioaccumulation. 

Analysis and i n t e r p r e t a t i o n  

14. P repa ra t ion  and a n a l y s i s  of t i s s u e s  a r e  by t h e  procedures 

given i n  t h e  "Chemical Analysis" s e c t i o n  of t h i s  appendix. The s e c t i o n  



Laboratory Assessment of Bioaccumulation P o t e n t i a l  

Sampling design and conduct 

15. This  approach should be taken only in those cases where a t r u e  

t i s t o r i c a l  precedent f o r  the  proposed opera t ion  does no t  e x i s t  ( a s  d i s -  

cussed i n  paragraph 2). The cons idera t ions  of paragraphs 5, 6,  and 7 

should be kept  i n  mind when s e l e c t i n g  bioassay s p e c i e s  t o  be used f o r  

l abo ra to ry  assessments of bioaccumulation p o t e n t i a l .  

16. Animals from s o l i d  o r  suspended p a r t i c u l a t e  phase b ioassays  

may be used, but  i t  is considered u n l i k e l y  t h a t  important  bioaccumula- 

t i o n  would occur a t  t h e  d i sposa l  s i t e  from t h e  l a t t e r  phase, s i n c e  an i -  

mals would be exposed t o  it f o r  such s h o r t  pe r iods  due t o  d i l u t i o n .  A t  

t h e  end of t h e  bioassay,  surv iv ing  animals from t h e  r e p l i c a t e  c o n t r o l s  

a r e  t r e a t e d  i n  a manner corresponding t o  t h e  s e p a r a t e  r e f e rence  samples 

i n  t h e  f i e l d  assessment ou t l i ned  e a r l i e r .  Survivors  from t h e  r e p l i c a t e  

sediment-exposure aquar ia  correspond t o  t h e  samples from t h e  d i sposa l  

si te.  I n  t h e  case  of suspended p a r t i c u l a t e  b ioas says ,  surv ivors  from 

t h e  f i r s t  r e p l i c a t e  of a l l  t e s t  medium concen t r a t ions  a r e  pooled t o  make 

one sample corresponding t o  a d i s p o s a l  s i t e  sample; su rv ivo r s  from t h e  

second r e p l i c a t e  of a l l  t e s t  medium concen t r a t ions  a r e  pooled t o  make 

t h e  second d i s p o s a l  s i t e  sample, e t c .  

17. A t  t h e  end of t h e  bioassay,  each sample is placed i n  s e p a r a t e  

aquar ia  i n  c l ean ,  sediment-free water  t o  void t h e  d i g e s t i v e  t r a c t s ,  a s  

discussed i n  paragraph 12.  Each r e p l i c a t e  from t h e  bioassay i s  t r e a t e d  

a s  i f  it was a sample from t h e  f i e l d  assessment d iscussed  e a r l i e r .  I f  

very  sma l l  animals a r e  t o  be analyzed, more than  t h e  minimum number 

s p e c i f i e d  f o r  t h e  bioassay may have t o  be  used,  o r  more r e p l i c a t e  

aquar ia  may be e s t ab l i shed  i n  t h e  b ioassay .  The cons idera t ions  of 

paragraph 1 3  a l s o  apply t o  b ioassay  organisms used i n  a s se s s ing  bioaccu- 

mulation p o t e n t i a l .  

Analysis  and i n t e r p r e t a t i o n  

18. P repa ra t ion  and a n a l y s i s  of t i s s u e s  a r e  by t h e  procedures 

g iven  i n  t h e  "Chemical Analysis" s e c t i o n  of t h i s  appendix. The s e c t i o n  

on " ~ a t a  Analys is  and I n t e r p r e t a t i o n "  g i v e s  guidance on these  mat te rs .  



Chemical Analysis 

Cons t i tuents  t o  be assessed 

19. The chemical cons t i t uen t s  t o  be assessed f o r  bioaccumulation 

a r e  those  cons t i t uen t s  deemed c r i t i c a l  by the  D i s t r i c t  Engineer and 

Regional Administrator a f t e r  considering known inpu t s  t o  t h e  sediment t o  

be dredged. The following cons t i t uen t s ,  discussed i n  Sec t ion  227.6 of 

t he  Regis te r ,  a r e  of p a r t i c u l a r  concern and should be assessed  f o r  bio- 

accumulation whenever the  D i s t r i c t  Engineer and Regional Administrator  

have any reason t o  be l i eve  they may be of concern i n  the  sediment i n  

quest ion.  

a .  Organohalogen compounds (PCB ' s, DDT, e t c  . ) - 
b.  Mercury and i ts  compounds - 
c.  Cadmium and its compounds - 
d.  Petroleum hydrocarbons - 
e .  Known o r  suspected carcinogens,  mutagens, o r  te ra togens .  - 

(This is  a very poorly defined group of m a t e r i a l s  f o r  
which s p e c i f i c  a n a l y t i c a l  procedures a r e  n o t  gene ra l ly  
ava i l ab le .  ) 

Procedures 

20. Referenced standard procedures f o r  s p e c i f i c , c o n s t i t u e n t s  a r e  

given i n  Table G 1 .  These re ferences  should be consul ted f o r  d e t a i l e d  

guidance on amount of t i s s u e  requi red  f o r  a n a l y s i s  of each cons t i t uen t  

of concern, methods of sample p repa ra t ion  and a n a l y s i s ,  and da ta  presen- 

t a t i o n .  

Data Analysis and I n t e r p r e t a t i o n  

21. Complete t i s s u e  concent ra t ion  d a t a  f o r  a l l  samples should be 

presented a s  i n  Table G2. A s e p a r a t e  a n a l y s i s  must be conducted f o r  

each chemical c o n s t i t u e n t  and each animal spec ie s .  This example u t i -  

l i z e s  l abora to ry  bioaccumulation d a t a  from analyzing the  surv ivors  of 

the hypo the t i ca l  s o l i d  phase b ioassay  presented  i n  Appendix F. The 

c o n t r o l  and t h e  dredged m a t e r i a l  samples from t h r e e  s i t e s  were each 

r e p l i c a t e d  f i v e  times, corresponding t o  t h e  f i v e  r e p l i c a t e s  used here.  



Table G 1  

Procedural References f o r  Analy t ica l  Methods f o r  
Tissue Analyses of Organic Mater ia l s  

Other 
Mater ia l  Reference 1 Reference 2 References 

BHC Sect ions 211, 212 Sect ion  5A, 

Heptachlor I1 11 It 1 1  3, 4 

DDD, DDE, DDT 

Chlordane 

D i e l d r i n  

Endrin 

Toxaphene 

PCB 

11 11 11 

11 1 1  11 

Sect ions  211, 212, 251 

Sect ions  211, 212 I1 
Mirex 11 

Methoxychlor 11 1 1  I1 11 

Mercury and 
i ts  compounds 

Cadmium and 
i t s  compounds 

Petroleum 
hydrocarbons: 

A l ipha t i c  13 

Aromatic 13 



Table G2 

Assessment Hypothet ical  Resu l t s  * of a Laboratory 
of Bioaccumulation P o t e n t i a l  

T issue  Concentration, ppm (wet wt) 
Repl ica te  Dredged M a t e r i a l  Sample 

(n = 5) Control  1 2 3 

1 0.15 

2 0.08 

3 0'. 38 

4 <0.05 

5 0.23 

sum of da t a ,  CX = 0.89 

- CX mean, X = -  = 0.18 
n 

2 sum of squared da t a  = CX = 0.2287 

cor rec ted  sum of squares ,  

2 (zx12 
CSS = CX - - = n 0.0703 

var iance ,  S = - CsS - - 0.0176 
n-1 

* The c o n s t i t u e n t  measured and t h e  animal spec i e s  used i n  t h e  a s se s s -  
ment must be i d e n t i f i e d .  

Small organisms were used; i n  one case ,  t i s s u e  concent ra t ion  of t h e  con- 

s t i t u e n t  of concern was below d e t e c t i o n  l i m i t s .  Such d a t a  a r e  nonquan- 

t i t a t i v e  and cannot be used i n  s t a t i s t i c a l  ana lyses .  However, t h e  

a r b i t r a r y  bu t  environmental ly  p r o t e c t i v e  assumption made i n  such c a s e s  

is  t h a t  t h e  a c t u a l  concen t r a t ion  i n  t h e  sample was only s l i g h t l y  l e s s  

than t h e  de t ec t ion  l i m i t ,  and t h e  d e t e c t i o n  l i m i t  is  used a s  i f  i t  was 

t h e  datum. 

22. To determine whether t h e r e  is an i n d i c a t i o n  of bioaccumulation 

p o t e n t i a l ,  i t  is  necessary t o  make s t a t i s t i c a l  comparisons of t h e  t i s s u e  

concent ra t ions  i n  t h e  c o n t r o l s  t o  t hose  i n  animals exposed t o  t h e  dredged 

mater ial- .  It is poss ib l e  t h a t  i n  some cases  t h e  mean t i s s u e  concentra-  

t i o n  i n  one o r  more of t h e  dredged m a t e r i a l  samples may be l e s s  than  o r  

equal  t o  t h a t  i n  t h e  c o n t r o l s .  Such c a s e s  have been documented and i n  

no way r e f l e c t  adverse ly  on t h e  q u a l i t y  of t h e  eva lua t ion ,  b u t  simply 



g ive  no i n d i c a t i o n  of bioaccumulat ion p o t e n t i a l  f o r  t h e  c o n s t i t u e n t ,  

spec i e s ,  and sediment sample i n  ques t ion .  

23. If tissue concen t r a t i on  i n  any of t h e  dredged m a t e r i a l  samples 

i s  higher  t han  t h a t  i n  t h e  c o n t r o l s ,  t h e  d a t a  must be compared statis- 

t i c a l l y .  An a n a l y s i s  of va r i ance  (ANOVA) i s  used t o  compare t h e  mean 

t i s s u e  concen t r a t i on  i n  animals  from t h e  r e f e r ence  s u b s t r a t e  c o n t r o l  t o  

t h e  mean t i s s u e  concen t r a t i on  i n  animals  exposed t o  each  dredged m a t e r i a l  

sample. Before an ANOVA can be performed, i t  i s  neces sa ry  t o  u s e  

~ o c h r a n ' s  test t o  determine whether t h e  va r i ances  of t h e  d a t a  sets a r e  

homogeneous. This  i s  determined by c a l c u l a t i n g  t h e  C-value, de f ined  a s  

t h e  r a t i o  of t h e  l a r g e s t  v a r i a n c e  t o  t h e  sum of a l l  t h e  va r i ances .  I n  

t h i s  case :  
9 

where 
'1 

I 

I I Jji , 
= l a r g e s t  v a r i a n c e  among t h e  d a t a  s e t s  

'max 
i rr 

cs2 = sum of a l l  t he  v a r i a n c e s  

The c a l c u l a t e d  C-value i s  eva lua t ed  by comparing i t  t o  t h e  C-value given 

i n  t h e  t a b l e  i n  Enclosure  1 t o  Appendix D .  I n  t h e  t a b l e ,  k i s  t h e  num- 

b e r  of t rea tment  means summed i n  t h e  denominator (4  i n  t h i s  c a se )  and v 

i s  one l e s s  than  t h e  number of obse rva t i ons  c o n t r i b u t i n g  t o  each  v a r i -  

ance (5 - 1 = 4 i n  t h i s  c a s e ) .  Therefore ,  t h e  t abu l a t ed  v a l u e  f o r  C i n  

I , *  
t h i s  example i s  0.6287. 

f 24. S ince  t h e  c a l c u l a t e d  C-value i s  s m a l l e r  t h a n  t h e  t a b u l a t e d  C- 
ib 

va lue ,  t h e  c a l c u l a t e d  v a l u e  i s  n o t  s i g n i f i c a n t  a t  t h e  95-percent con f i -  
il 
~t dence l e v e l ,  and t h e  v a r i a n c e s  may be  cons idered  homogeneous. I f  t h e  
' 

c a l c u l a t e d  C-value i s  l a r g e r  than  t h e  t a b u l a t e d  C-value, t h e  v a r i a n c e s  

a r e  no t  homogeneous. I n  such  c a s e s ,  b e f o r e  any ANOVA c a l c u l a t i o n s  a r e  

performed, a t r ans fo rma t ion  should  b e  performed on a l l  d a t a  i n  o r d e r  t o  

ach ieve  homogeneity of v a r i a n c e s . ,  The t r ans fo rma t ion  i s  performed on 

each datum by o b t a i n i n g  t h e  n a t u r a l  l oga r i t hm of (X + l ) ,  where X i s  

t h e  datum. Reca l cu l a t e  t h e  C-value u s i n g  t h e  t ransformed d a t a .  I f  



var i ances  a r e  now found t o  be homogeneous, use  the  transformed da ta  in  

a l l  ANOVA ca lcula t ions .  I f  t h e  var iances  a r e  s t i l l  nonhomogeneous, an 

approximate t e s t  of t h e  equa l i ty  of means given by Sokal and Rohlf i n  

t h e i r  Box 13.214 should be  used. 

25. ANOVA equat ions and ca l cu la t ions  f o r  t h e  d a t a  of Table G2 a r e  

given i n  Table G3. The va lues  on t h e  t h i r d  l i n e  of t h e  t a b l e  (Tota l )  

should be  the  same whether they a r e  ca lcula ted  by t h e  equat ion o r  ob- 

t a ined  by summing t h e  corresponding treatment  and e r r o r  va lues ,  t hus  

providing an easy means of checking t h e  accuracy of t h e  ca l cu la t ions .  

The ca l cu la t ed  F-value is evaluated by comparison wi th  t h e  tabula ted  F- 

value15 a t  t h e  0.05-probability l e v e l  wi th  t h e  appropr i a t e  degrees of 

freedom (d f ) .  The d f ' s  a r e  those  given f o r  t h e  t reatments  and e r r o r ,  

r e spec t ive ly ,  i n  Table G3. The t abu la t ed  F-value wi th  3 and 16 d f ' s  is  

shown a t  t h e  bottom of Table G3. Since t h e  ca l cu la t ed  F-value exceeds 

t h e  tabula ted  value,  t h e r e  i s  a s t a t i s t i c a l  d i f f e rence  between mean 

t i s s u e  concentrat ions among t h e  fou r  s e t s  of da ta .  I f  t h e  ca l cu la t ed  F- 

va lue  had been equal  t o  o r  less than t h e  tabula ted  va lue ,  t h e r e  would be  

no s t a t i s t i c a l  d i f f e rences  between t i s s u e  concent ra t ion  i n  t h e  r e fe rence  

subsera te  con t ro l s  and any of t h e  dredged m a t e r i a l  samples. I n  t h a t  

case,  t h e  ana lys i s  would be complete a t  t h i s  poin t  wi th  no i n d i c a t i o n  of 

p o t e n t i a l  bioaccumulation from t h e  dredged m a t e r i a l  i n  quest ion.  

26. When the  ca l cu la t ed  F-value exceeds t h e  tabula ted  va lue ,  i t  i s  

then necessary t o  determine which dredged m a t e r i a l  means d i f f e r  s i g n i f i -  

c a n t l y  from t h e  re ference  s u b s t r a t e  c o n t r o l  mean. This may be done by 

t h e  Student-Newman-Keuls multiple-range test given by Sokal and Rohlf i n  

t h e i r  Box 9.9.14 Least  s i g n i f i c a n t  ranges (LSR) used i n  t h i s  process 

a r e  t h e  product of t h e  pooled s tandard  e r r o r  of t he  group mean S- and 
15 

X 
t h e  s tudent ized  ranges Q given i n  Rohlf and Sokal ' s  Table U. 

where the  terms a r e  taken from Table G3. 

27. A t  the  0.05 l e v e l  of s i g n i f i c a n c e ,  t h e  Q and LSR values  f o r  

K = 2, 3, and 4 items a r e :  



Table G3 

ANOVA Equation and Calculat ions f o r  t h e  Data of Table G2 

Source of df Sum of Squares SS Mean Square MS F 
Var ia t ion  Equation Value Equation Value Equation Value Equation Value 

Treatmentst (a-1) ( C X ) ~  
( E E X ) ~  0.2573 "treatment 0.0858 "treatment 6.45* 

3 C-- n En a- 1 MSerror 

Error CCSS 

t Number of t rea tments  a = 4 



K 
2  3  4  

15  Q(Roh1f and Sokal, Table U ) = 2.998 3.649 4.046 

S- (equation G2) = 0.0516 0.0516 0.0516 
X 

LSR = QSz = 0.1547 0.1883 0.2088 

28. The multiple-range t e s t  i s  completed by ar ranging  t h e  fou r  

t reatment  means i n  increas ing  order  and then  comparing t h e  d i f f e r e n c e  

between means with t h e  LSR f o r  t h e  number of means K i n  t h e  range sepa- 

r a t i n g  the  two being compared. That is,  f o r  two ad jacen t  means K = 2 

and f o r  comparing means separa ted  by one mean, t h e r e  is  t h e  in tervening  

mean and t h e  two being compared, s o  t h a t  K = 3. It is necessary t o  com- 

pare  each dredged ma te r i a l  mean t o  the  c o n t r o l  mean b u t  n o t  t o  compare 

t reatment  means among themselves. Such comparisons between treatment  

means a r e  not  necessary f o r  permi t t ing  dec i s ions ,  but  could provide use- 

f u l  managerial information by d i s t ingu i sh ing  sediments wi th  high bio- 

accumulation p o t e n t i a l  from those  with a  l e s s e r  bu t  s t i l l  s t a t i s t i c a l l y  

s i g n i f i c a n t  bioaccumulation p o t e n t i a l .  The comparison of t reatment  

means t o  t h e  c o n t r o l  f o r  t he  above example i s  given i n  t h e  fol lowing 

t abu la t ion .  

Treatment Means from Table G2 
- - - - 
'control - '3 X1 '2 

Mean Comparison . 
K - LSR Dif ference  Between Means - - 
2 0.1547 X3 - Xc = 0.19 - 0.18 = 0.01 n.s.  

Note: Entry of n.s .  i n d i c a t e s  d i f f e r e n c e  i s  not  
s i g n i f i c a n t  a t  t h e  0.05-probabil i ty  l e v e l ;  
* i n d i c a t e s  d i f f e r e n c e  is  s i g n i f i c a n t  

29. When the  d i f f e rence  between two means is g r e a t e r  than the  LSR, 

t h e  d i f f e r e n c e  between those means is  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t he  

0.05-probability l e v e l .  Therefore,  t he  mult iple-range t e s t  has shown 



t h a t  t h e  mean t i s s u e  concentrat ion of t h e  c o n s t i t u e n t  of  concern i n  

animals exposed t o  dredged ma te r i a l  sample 2 is  s t a t i s t i c a l l y  h igher  

than t h e  corresponding concentrat ion i n  animals exposed t o  t h e  c o n t r o l  

sediment. Tissue concentrations of t h i s  constituent i n  animals exposed 

t o  dredged ma te r i a l  samples 1 and 3 were not  s t a t i s t i c a l l y  h igher  than 

i n  the  con t ro l  animals. 

30. The ANOVA ca l cu la t ions  and mean comparison given above may be 

used f o r  d a t a  ana lys i s  i n  a l l  cases  involving two o r  more t reatments ,  

provided t h a t  the  same number of samples occurs i n  each t reatment .  The 

ANOVA ca l cu la t ions  f o r  s t u d i e s  i n  which the  same number of samples does 

not  occur i n  each t reatment  a r e  given by Sokal and Rohlf i n  t h e i r  Box 

9. l.14 Unequal numbers of r e p l i c a t e  samples may occur i n  f i e l d  evalua- 

t i o n s  where the  d i r e c t i o n  of ne t  bottom t r anspor t  i s  no t  known and 

samples ou t s ide  the  d i s p o s a l  s i t e  a r e  loca ted  i n  a l l  d i r e c t i o n s  from 

the  s i t e .  I n  such cases ,  those s t a t i o n s  ou t s ide  t h e  s i t e  having t h e  

h ighes t  t i s s u e  concent ra t ions  cannot a r b i t r a r i l y  be assumed t o  l i e  i n  

the  d i r e c t i o n  of n e t  bottom t r a n s p o r t ,  un le s s  t h i s  i s  a l s o  ind ica t ed  by 

independent evidence. Otherwise t h e  only  a n a l y s i s  poss ib l e  is  t o  com- 

pare  t h e  mean t i s s u e  concent ra t ion  a t  the  s t a t i o n s  wi th in  t h e  d i s p o s a l  

s i t e  t o  t h e  pooled mean t i s s u e  concent ra t ion  a t  a l l  s t a t i o n s  ou t s ide  

t h e  s i t e .  That is ,  two samples conta in ing  d i f f e r e n t  numbers of observa- 

t i o n s  w i l l  be compared. When the  d i r e c t i o n  of n e t  bottom t r anspor t  i s  

known, t h r e e  mean t i s s u e  concent ra t ions  w i l l  be  compared. These w i l l  be 

from samples wi th in  t h e  s i t e ,  samples o u t s i d e  the  s i te  i n  the  d i r e c t i o n  

of n e t  bottom t r a n s p o r t ,  and samples o u t s i d e  t h e  s i te  and no t  inf luenced 

by n e t  t r a n s p o r t  from t h e  s i t e .  

31. I n  the  example given i n  paragraphs 21 through 29, by compari- 

son t o  t h e  c o n t r o l  animals,  animals i n  one of t h e  dredged m a t e r i a l  Sam- 

p l e s  had e leva ted  t i s s u e  concent ra t ions  of t h e  c o n s t i t u e n t  of concern, 

and those  i n  the  o t h e r  two samples d id  no t .  Therefore,  t h e r e  is  a 

p o t e n t i a l  f o r  bioaccumulation of t h i s  chemical by t h i s  spec ies  of animal 

from sediments a t  one s i te  i n  the  dredging a rea .  

32. A t  p re sen t  t h e r e  a r e  very  l i t t l e  d a t a  f o r  marine spec ies  upon 

which t o  base  an eva lua t ion  of t h e  meaning of a s p e c i f i c  concentrat ion 



of a p a r t i c u l a r  contaminant i n  t h e  spec ies  i n  quest ion.  The only such 

l e v e l s  t h a t  a r e  f i x e d  from a regula tory  viewpoint a r e  t hose  l e v e l s  s e t  

by t h e  Food and Drug Administrat ion f o r  f i s h  and s h e l l f i s h  f o r  human. 

consumption. Therefore,  t h i s  guidance recommends t h e  environmental ly  

p r o t e c t i v e  approach of assuming t h a t  any s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  i n  t i s s u e  concent ra t ions  between c o n t r o l  and exposed organ- 

i s m s  a r e  a p o t e n t i a l  cause f o r  concern. It should b e  kep t  i n  mind, 

however, t h a t  a t  p re sen t  t i s s u e  concent ra t ion  of most c o n s t i t u e n t s  i n  

most s p e c i e s  cannot be q u a n t i t a t i v e l y  r e l a t e d  t o  b i o l o g i c a l  e f f e c t s .  

Therefore,  i n  making t h e  f i n a l  assessment of bioaccumulation, t h e  D i s -  

t r i c t  Engineer and t h e  Regional Administrator  must o b j e c t i v e l y  cons ider  

t h e  magnitude of bioaccumulation shown, t h e  t o x i c o l o g i c a l  s i g n i f i c a n c e  

of t h e  ma te r i a l ( s )  bioaccumulated ( i . e . ,  a r s e n i c  would b e  of g r e a t e r  

concern than i r o n ) ,  t h e  propor t ion  of sediment sampling sites which 

produce uptake, t h e  number of d i f f e r e n t  c o n s t i t u e n t s  bioaccumulated from 

t h e  sediment i n  ques t ion ,  t h e  p o s i t i o n  i n  human and nonhuman food webs 

of t h e  spec i e s  showing uptake, t h e  presence of m o t i l e  s p e c i e s  a t  t h e  

s i t e  t h a t  might s e rve  a s  t r a n s p o r t a t i o n  v e c t o r s  removing bioaccumulated 

m a t e r i a l s  from t h e  d i sposa l  a r e a ,  and o t h e r  f a c t o r s  r e l e v a n t  t o  t h e  par- 

t i c u l a r  ope ra t ion  i n  quest ion.  
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APPENDIX H: ESTIMATION OF INITIAL M I X I N G  

In t roduct ion  

1. The Regis te r  recognizes  t h e  f a c t  t h a t  t he  ocean ic  environment 

i s  phys ica l ly  dynamic and t h a t  m a t e r i a l s  dumped i n t o  i t  w i l l  be  d is -  

persed,  mixed, and d i l u t e d  t o  some degree. Therefore,  a l l  eva lua t ive  

procedures must be  i n t e r p r e t e d  i n  l i g h t  of the  i n i t i a l  mixing expected 

a t  t h e  d i sposa l  s i t e .  I n i t i a l  mixing i s  defined (paragraph 227.29(a) of 

t he  Regis te r )  t o  be t h a t  d i s p e r s i o n  o r  d i f f u s i o n  of l i q u i d ,  suspended 

p a r t i c u l a t e ,  and s o l i d  phases of a  ma te r i a l  t h a t  occurs  w i t h i n  4 h r  

a f t e r  d i sposa l .  The l i m i t i n g  permiss ib le  concent ra t ion  (Sec t ion  227.27) 

s h a l l  no t  be exceeded beyond the  boundaries of the  d i s p o s a l  s i t e  dur ing  

the  4-hr i n i t i a l  mixing per iod  and s h a l l  no t  be exceeded a t  any po in t  

i n  the  marine environment a f t e r  i n i t i a l  mixing. A s e r i e s  of methods, 

discussed i n  the  order  of preference  shown i n  Sect ion 227.29 of t h e  

Reg i s t e r ,  may be used t o  e s t i m a t e  t h e  maximum concent ra t ion  of t h e  

l i q u i d  and suspended p a r t i c u l a t e  phases found a t  t he  d i s p o s a l  s i t e  a f t e r  

i n i t i a l  mixing. Since no o b j e c t i v e  method has  been devised f o r  incor-  

pora t ing  i n i t i a l  mixing of t h e  s o l i d  i n t o  t h e  i n t e r p r e t a t i o n  of 

bioassay r e s u l t s ,  no c a l c u l a t i o n s  a r e  presented he re  f o r  e s t ima t ion  of 

t he  i n i t i a l  mixing of t he  s o l i d  phase. 

I n i t i a l  Mixing Calcula t ions  

Mathematical models us ing  s p e c i f i c  
f i e l d  d a t a  (227.29 (a)  (1) ) 

2.  The f i r s t  and most p r e f e r r e d  method r e q u i r e s  t he  use  of com- 

prehensive f i e l d  da t a  r e l e v a n t  t o  t h e  proposed d i s p o s a l  ope ra t ion  i n  

conjunct ion wi th  an a p p r o p r i a t e  mathematical model f o r  adequate  predic-  

t i o n  of i n i t i a l  mixing and d i s p e r s i o n .  However, t h e  amount of f i e l d  

da t a  necessary f o r  adequate  p r e d i c t i o n  of d i s p e r s i o n  and d i f f u s i o n  is 

s u b s t a n t i a l ,  and such p r e d i c t i o n s  r e q u i r e  a  d e t a i l e d  understanding of 

t i d e s ,  c u r r e n t s ,  waves, water  column s t r a t i f i c a t i o n ,  and c l i m a t i c  

condi t ions  a t  t h e  d i sposa l  s i t e .  

H 1  . 



3. Descr ip t ion  of t he  WES mathematical models. The Dredged 

Mater ia l  Research Program (DMRP) of t h e  U .  S. Army Engineer Waterways 

Experiment S t a t i o n  (WES) has  modified two numerical  models, now being 

f i e l d  v e r i f i e d ,  t o  p r e d i c t  t h e  short-term f a t e  of dredged m a t e r i a l  d i s -  

charged i n  t h e  marine environment. One model s imu la t e s  an  ins tan taneous  

discharge from a r a p i d l y  emptying barge o r  hopper. The o t h e r  s imula tes  

a continuous f ixed  o r  moving j e t  discharge from a s lowly  emptying ves se l .  

The models can be  appl ied  t o  d i sposa l  s i t e s  i n  enc losed  bodies  of water ,  

s i t e s  w i th  depth v a r i a t i o n s ,  s i t e s  whose flow regimes vary  i n  t h r e e  d i -  

mensions and i n  t ime, and those d i sposa l  s i t e s  where ambient d e n s i t y  

v a r i e s  i n  time. 

4. It should be noted t h a t  n e i t h e r  adequate  c a l i b r a t i o n  nor  v e r i -  

f i c a t i o n  of t h e  models has  been completed a t  t h i s  time. However, from 

l imi ted  demonstrations and c a l i b r a t i o n s ,  t h e  models have been shown con- 

cep tua l ly  t o  be capable of p red ic t ing  the  dynamic phys i ca l  processes  

a s soc i a t ed  with va r ious  dredged m a t e r i a l  d i s p o s a l  ope ra t ions  i n  t h e  

marine environment. The models w i l l  no t  be g e n e r a l l y  a v a i l a b l e  u n t i l  

t h e  c a l i b r a t i o n s  and v e r i f i c a t i o n s  necessary t o  ensure  t h e  accuracy of 

model p r e d i c t i o n s  have been concluded. This  is expected t o  be completed 

by e a r l y  1978. The a v a i l a b i l i t y  of t h e  models f o r  gene ra l  u s e  w i l l  be 

announced. A t  t h a t  t ime t h e  WES models w i l l  become t h e  p re fe r r ed  means 

of e s t ima t ing  i n i t i a l  mixing f o r  most d i s p o s a l  ope ra t ions  whose s i z e  o r  

p o t e n t i a l  impact warrant  t h i s  l e v e l  of s o p h i s t i c a t i o n .  The r e l e a s e  zone 

method descr ibed i n  paragraphs 10 through 28 may s t i l l  be acceptab le  f o r  

smal l  p r o j e c t s  of l i t t l e  a n t i c i p a t e d  impact. 

5. I n  cons ide ra t ion  of those  who a r e  planning a f i e l d  data- 

c o l l e c t i o n  program i n  a n t i c i p a t i o n  of use  of t h e  WES mathematical models 

o r  who may th ink  adequate  d a t a  a r e  a v a i l a b l e  f o r  i n p u t  t o  t h e  models 

discussed i n  paragraph 3 ,  a b r i e f  d e s c r i p t i o n  of t h e  two models is given 

with s p e c i f i c  requirements  of t h e  necessary i n p u t  d a t a  f o r  opt imal  model 

u t i l i z a t i o n .  Both models c h a r a c t e r i z e  t h e  behavior  of r e l ea sed  dredged 

m a t e r i a l  w i th  a convec t ive  descent  .phase i n  which t h e  cloud has  a high 

dens i ty  r e l a t i v e  t o  t h e  d i s p o s a l  s i t e  water  and i s  dominated by gravi ta -  

t i o n a l  f o r c e s ;  a dynamic c o l l a p s e  phase i n  which h o r i z o n t a l  spreading 



dominates,  usua l ly  i n i t i a t e d  when t h e  descending c loud  impacts  t h e  

bottom; and a  long-term d i spe r s ion  phase, which i s  dominated by t h e  

ambient c u r r e n t s  and tu rbu len t  d i f fus ion  a t  t h e  d i s p o s a l  s i t e ,  r a t h e r  

than  t h e  f o r c e s  of t h e  d i s p o s a l  operat ion.  

6. WES model i npu t  requirements. Ocean d i s p o s a l  of dredged mate- 

r i a l  i s  usua l ly  made by barges o r  scows and hopper dredges. When a  

barge r e l e a s e s  i ts  m a t e r i a l  i n  a  s t a t i o n a r y  mode ( i . e . ,  n o t  underway), 

t h e  d i s p o s a l  can b e  assumed t o  b e  an ins tan taneous  dump f o r  modeling 

purposes and t h e  ins tan taneous  model can be  used t o  s imu la t e  t h i s  opera- 

t i o n  wi th  t h e  proper  i n p u t  parameters.  Moving ba rges  having t o  open 

s e v e r a l  doors  t o  r e l e a s e  a l l  t h e  ma te r i a l  would b e  b e s t  descr ibed  by t h e  

moving jet model. The moving jet  model a l s o  b e s t  d e s c r i b e s  most hopper 

dredge d i s p o s a l  opera t ions  i n  which one o r  two doors  a r e  u sua l ly  opened 

a t  a  t i m e  and up t o  t h i r t y  minutes may be  r equ i r ed  t o  remove a l l  t h e  

mater ia l .  The c h a r a c t e r i s t i c s  of each s p e c i f i c  d i s p o s a l  opera t ion  w i l l  

determine t h e  model app ropr i a t e  t o  i t s  s imula t ion  and ' thus  w i l l  de te r -  

mine t h e  model i n p u t  d a t a  required.  Adequate i n p u t  d a t a  can be  obtained 

only with a  comprehensive understanding of t h e  f a c t o r s  a f f e c t i n g  t h e  

dredging and d i s p o s a l  ope ra t ions  and by a  thorough f i e l d  sampling 

program based on t h i s  understanding. 

7. I npu t  d a t a  requi red  t o  run t h e  models can be ca tegor ized  a s  (a) 

d a t a  desc r ib ing  t h e  a c t u a l  d i s p o s a l  ope ra t ion ,  (b) c h a r a c t e r i z a t i o n  of  

t h e  dredged m a t e r i a l ,  ( c )  a  d e s c r i p t i o n  of t h e  ambient environment, and 

(d) model c o e f f i c i e n t s .  

a ,  Disposa l  da t a .  For t h e  ins tan taneous  o r  s t a t i o n a r y  dis-  - 
charge model, t h e  g r i d  p o s i t i o n  of t h e  barge  on the  
h o r i z o n t a l  g r i d ,  t h e  r a d i u s  of t h e  i n i t i a l  cloud, t he  
depth below t h e  s u r f a c e  where t h e  m a t e r i a l  i s  r e l eased ,  
and t h e  i n i t i a l  v e l o c i t y  of t h e  cloud a r e  requi red .  
General ly  t h e  r a d i u s  of t h e  i n i t i a l  cloud w i l l  be deter-  
mined by t h e  t o t a l  volume of t h e  barge .  The f i x e d  o r  
moving jet d ischarge  model r e q u i r e s  t h e  i n i t i a l  p o s i t i o n  
of t h e  d i scha rge ,  t h e  v e s s e l  course  and speed, t he  orien- 
t a t i o n  and depth  of t h e  d i scha rge  p o i n t  i n  t h e  water  
column, t h e  r a d i u s  of t h e  i n i t i a l  j e t ,  t h e  flow r a t e ,  and 
t h e  t o t a l  t i m e  r equ i r ed  f o r  complete d ischarge .  

b.  Cha rac t e r i za t ion  of dredged m a t e r i a l .  The models w i l l  - 
accept  up t o  twelve s o l i d  f r a c t i o n s  ( g r a i n  s i z e s ) ,  a  f l u i d  



component, and a  conserva t ive  chemical c o n s t i t u e n t  (e .g . ,  
ammonia) i f  des i r ed .  The concen t r a t ion ,  dens i ty ,  f a l l  
v e l o c i t y ,  vo id  r a t i o ,  and an i n d i c a t o r  of cohesion must 
be input  f o r  each s o l i d  f r a c t i o n .  I f  a  conserva t ive  
chemical cons t i t uen t  is t o  be used, i t s  i n i t i a l  concentra- 
t i o n  i n  t h e  l i q u i d  phase and a  background concent ra t ion  
i n  t h e  d i sposa l  s i t e  water  must be given.  I n  a d d i t i o n ,  
t h e  bulk  dens i ty  and aggrega te  void r a t i o  of t h e  dredged 
m a t e r i a l  must be determined. It i s  n o t  necessary  t o  
i npu t  a l l  twelve s o l i d  f r a c t i o n s  t o  adequate ly  s imula te  
t h e  d i spe r s ion  processes  during d i s p o s a l ,  e s p e c i a l l y  when 
t h e r e  is a  cohesive f r a c t i o n  included.  An important b u t  
d i f f i c u l t  va lue  t o  ob ta in  p r i o r  t o  dredging i s  t h e  bulk 
dens i ty  of t h e  t o t a l  volume of dredged m a t e r i a l  i n  t he  
barge. I f  l a r g e  volumes of water a r e  dredged wi th  t h e  
a c t u a l  ma te r i a l ,  t he  bulk  d e n s i t y  v a l u e s  w i l l  be substan-  
t i a l l y  reduced. 

c .  Descr ip t ion  of ambient environment. An ambient d e n s i t y  - 
p r o f i l e  must be suppl ied  and, a t  each h o r i z o n t a l  g r i d  
po in t ,  water  depth and a  c u r r e n t  v e l o c i t y  p r o f i l e  a r e  
requi red .  The l e v e l  of s o p h i s t i c a t i o n  h e r e  is op t iona l ,  
a s  t h e r e  a r e  t h r e e  d i f f e r e n t  forms of v e l o c i t y  i npu t ,  t h e  
depths may be cons tan t  o r  v a r i a b l e  i n  space,  and t h e  
dens i ty  p r o f i l e  may va ry  w i t h  time o r  remain cons tan t .  

d.  Model c o e f f i c i e n t s .  The models con ta in  recommended aver- - 
age va lues  f o r  four teen  c o e f f i c i e n t s ,  which t h e  u s e r  
should change only i f  j u s t i f i e d  by case - spec i f i c  da t a .  

S imi l a r  f i e l d  d a t a  and 
modeling (227.29(a) (2) )  

8. The second method of i n i t i a l  mixing e s t ima t ion  permit ted by 

t h e  Reg i s t e r  a l lows f i e l d  d a t a  determined f o r  a  m a t e r i a l  of s i m i l a r  

c h a r a c t e r i s t i c s  t o  be used i n  conjunct:ion w i t h  an appropr i a t e  model. 

There may b e  c e r t a i n  s i m i l a r i t i e s  between dredged m a t e r i a l  d i sposa l  

ope ra t ions  i n  d i f f e r e n t  reg ions  of t h e  country t h a t  may al low t h e  use  

of s i m i l a r  i n p u t  da t a  t o  s imula te  a  proposed d i s p o s a l  opera t ion ;  however, 

t h e  s i m i l a r i t i e s  have no t  y e t  been documented t h a t  could j u s t i f y  t h i s  

method f o r  p r e d i c t i o n  of dredged m a t e r i a l  d i s p e r s i o n .  Cer ta in ly ,  t he re  

i s  no j u s t i f i c a t i o n  f o r  us ing  inpu t  d a t a  developed f o r  o t h e r  waste mate- 

r i a l  i n  a t t empt s  t o  p r e d i c t  dredged m a t e r i a l  d i s p e r s i o n .  

T h e o r e t i c a l  r e l a t i o n s h i p s  (227.29(a)(3))  - 
9. When no f i e l d  d a t a  a r e  a v a i l a b l e ,  t h e  R e g i s t e r  permits  consid- 

e r a t i o n  of t h e o r e t i c a l  oceanic  t u r b u l e n t  d i f f u s i o n  r e l a t i o n s h i p s  i n  



i 
1 order  t o  es t imate  i n i t i a l  mixing. The s tate-of- the-ar t  of  dredged mate- 

r i a l  d i spe r s ion  theory does not  p re sen t ly  allow t h e  use  of t h i s  method 
i 

f o r  adequate p red ic t ion  of i n i t i a l  mixing processes.  
! Release zone method (227.29(b)) 
i 10. Since none of the preceding t h r e e  methods a r e  f e a s i b l e  u n t i l  

the  models a r e  v e r i f i e d  ( a t  which time the  models w i l l  become the  

gene ra l ly  p re fe r r ed  method), t h e  r e l e a s e  zone method of es t imat ing  i n i -  

t i a l  mixing must be used i n  t h e  in ter im.  The l i q u i d  and suspended 

p a r t i c u l a t e  phases of the  dredged m a t e r i a l  may be assumed t o  be evenly 

d i s t r i b u t e d  a t  t he  end of t he  4-hr i n i t i . a l  mixing per iod  over  a  column 

of water  bounded on the sur face  by t h e  locus  of p o i n t s  cons tan t ly  100 m 

from the  per imeter  of t he  conveyance engaged i n  dumping a c t i v i t i e s ,  be- 

ginning a t  t he  f i r s t  moment i n  which dumping commences and ending a t  

the l a s t  moment ( the  r e l e a s e  zone) and extending t o  the  ocean f l o o r ,  

thermocline, o r  ha loc l ine  i f  one e x i s t s ,  o r  t o  a  depth of 20 m, which- 

ever  i s  shal lower.  

1 11. I n  order  t o  c a l c u l a t e  the i n i t i a l  mixing zone using t h e  re- 

l e a s e  zone method, a  few prel iminary determinat ions have t o  be made. 

i F i r s t ,  one must determine the appropr i a t e  depth va lue :  i s  t h e  thermo- 
I 

c l i n e  o r  h a l o c l i n e ,  t he  ocean bottom, o r  20 m t h e  shal lower value? For 

I the  fo l lowing example ca l cu la t ion ,  i t  was assumed t h a t  t h e  depth of 

t he  bottom was 30 m and t h a t  t he re  was no dens i ty  s t r a t i f i c a t i o n ,  s o  

I 20 m i s  t h e  appropr i a t e  depth value.  

12. Next, one must determine t h e  mode of d i sposa l :  i s  t h e  dispo- 

I s a l  v e s s e l  moving o r  s t a t i o n a r y ?  This  example assumes t h a t  a  d i s p o s a l  

v e s s e l  60 m long and 1 8  m wide was moving a t  a  speed of one m/sec and 

took 100 s e c  t o  r e l e a s e  a l l  i t s  volume of dredged m a t e r i a l .  With 

these  d a t a  an i n i t i a l  mixing zone volume V may be ca l cu la t ed  us ing  the  m 
fol lowing equat ion:  

V = n ( 1 0 0 ) ~ d  + 200 w d + (200 + w)(u t + k )  d 
m (HI) 

where 
i IT = 3.1416 

d = appropr i a t e  depth va lue  (here  20 m) 

w = width of t h e  d i sposa l  v e s s e l  



R = length of t h e  d i sposa l  v e s s e l  

u  = speed of t h e  d i sposa l  v e s s e l  i n  metres per  second 

t = time i n  seconds requi red  t o  empty d i s p o s a l  v e s s e l  
during discharge.  

13. By equation H I ,  t h e  volume of t h e  example i n i t i a l  mixing zone 

would be  : 

V = (3.1416) (100 rn) (20 m) + 200 m (18 m) (20 m) m 
+ (200 m + 18 m) ( ( 1  m/sec)(100 sec )  + 60 m) 20 m 

14. I f  t he  discharge i s  instant:aneous 

equat ion H 1  reduces to :  

v = n ( 1 0 0 ) ~ d  + 200 w d  + (200 + m 
where t h e  terms a r e  defined a s  f o r  equat ion 

o r  from a  s t a t i o n a r y  v e s s e l ,  

w) R d  

H i .  

Application t o  Limit ing Permiss ib le  Concentration (LPC) 

Liquid phase - water-qual i ty  
c r i t e r i a  (227.27 (a)  (1)) 

15. The LPC of t h e  l i q u i d  phase f o r  c o n s t i t u e n t s  f o r  which appl i -  

cab le  water-qual i ty  c r i t e r i a  have been e s t ab l i shed  is t h a t  concent ra t ion  

a t  which none of t he  c o n s t i t u e n t s  of concern w i l l  exceed t h e  c r i t e r i a  

a f t e r  allowance f o r  i n i t i a l  mixing. It i s  poss ib le  t o  p r e d i c t  whether 

t h e  LPC w i l l  be exceeded by t h e  method given i n  the  fol lowing example. 

16. I n  t h i s  example, t h e  l i q u i d  phase was assumed t o  have a  

measured concentrat ion of ammonia ( the  cons t i t uen t  of concern) of 30 

mg/R and t h e  d i sposa l  s i t e  water  t o  have a  measured concent ra t ion  of. 

0 .1  mg/R. The water-qual i ty  c r i t e r i o n  f o r  t he  c o n s t i t u e n t  of concern 

(ammonia) must be determined from t h e  most r ecen t  e d i t i o n  of t h e  EPA 

p u b l i c a t i o n  "Quality CriterYa f o r  Water." I f  t he  water  temperature 

were assumed t o  be 1 5 ' ~  and t h e  pH of the  water  t o  be 8.0, then t h e  

water -qual i ty  c r i t e r i o n  f o r  t o t a l  ammonia would be found t o  be 0.75 

mg/R. 

17. The d i l u t i o n  f a c t o r  D ( t h e  amount by which t h e  l i q u i d  phase 

must be d i l u t e d  t o  meet t h e  water -qual i ty  c r i t e r i o n )  can be determined 

from t h e  fol lowing equat ion:  
H6 
I 



where 

C = l i q u i d  phase concent ra t ion  of t h e  c o n s t i t u e n t  of 
e i n t e r e s t  (ammonia) = 30 m g / ~  

Cs = water -qua l i ty  c r i t e r i o n  f o r  t h e  c o n s t i t u e n t  of 
i n t e r e s t  = 0.75 mg/R 

Ca = ambient d i s p o s a l  s i t e  water concen t r a t ion  of 
c o n s t i t u e n t  of i n t e r e s t  = 0 .1  mg/R 

Note t h a t  i f  t he  l i q u i d  phase concent ra t ion  C i s  l e s s  than  t h e  water- 
e 

q u a l i t y  c r i t e r i o n  C no c a l c u l a t i o n  i s  necessary s i n c e  no d i l u t i o n  i s  
s y  

requi red  t o  meet t h e  c r i t e r i o n .  I f  t h e  ambient d i s p o s a l  s i t e  water  con- 

c e n t r a t i o n  Ca i s  g r e a t e r  than t h e  water-qual i ty  c r i t e r i o n  C water  
s , 

q u a l i t y  a t  t h e  d i sposa l  s i t e  v i o l a t e s  t h e  c r i t e r i o n  r e g a r d l e s s  of t h e  

proposed d i sposa l  ope ra t ion ,  and t h e  c r i t e r i o n  cannot be  achieved by 

d i l u t i o n .  

18. The volume of t h e  l i q u i d  phase Vw can be c a l c u l a t e d  by equa- 

t i o n  H4. For purposes of t h i s  c a l c u l a t i o n ,  t h e  bulk d e n s i t y  of t h e  

dredged m a t e r i a l  may be assumed t o  be 1 .5 ,  t h e  p a r t i c l e  d e n s i t y  2.6, 

and t h e  dens i ty  of t h e  l i q u i d  phase 1 .0 .  These approximations should be  

used unless  t h e s e  parameters have a c t u a l l y  been measured f o r  t h e  dredged 

m a t e r i a l  i n  quest ion.  

where 

P = bulk d e n s i t y  (1.5) 
b 

Pd = p a r t i c l e  d e n s i t y  (2.6) 

Pw = d e n s i t y  of l i q u i d  phase (1.0) 

VT = t o t a l  volume of d i s p o s a l  v e s s e l  
(here  assumed t o  be 3058 m3 o r  4000 yd3) 

19. The volume of d i s p o s a l  s i t e  water  necessary t o  d i l u t e  t h e  d is -  

charged l i q u i d  phase to' a c c e p t a b l e  l e v e l s  can be found us ing  t h e  

equat ion  : 
3 Vol = D Vw = 45 (2102 m ) = 94,590 m 

3 



where 

Vol = requi red  volume of d i sposa l  s i t e  water  

D = d i l u t i o n  f a c t o r  = 45.0 (equat ion  ~ 3 )  

Vw 
= t h e  volume of l i q u i d  phase i n  t h e  d ischarge  = 

2102 m3 (equation H4) 

20. I n  t h i s  example, ammonia would not  exceed t h e  LPC, s i n c e  the  
3 

volume of t h e  i n i t i a l  mixing zone (1,397,920 m from paragraph 12 and 

equat ion H1) exceeded t h e  volume of d i sposa l  s i t e  wa te r  necessary t o  

d i l u t e  t h e  l i q u i d ' p h a s e  t o  t h e  water -qua l i ty  c r i t e r i o n  f o r  t h e  c o n s t i t -  
3  

uent  of i n t e r e s t  (94,590 m from paragraph 19 and equa t ion  H5). Note 

t h a t  t hese  c a l c u l a t i o n s  must be performed f o r  each c o n s t i t u e n t  of con- 

cern ,  s i n c e  t h e  d i l u t i o n  f a c t o r  D (equation H3) w i l l  be  s i t e  s p e c i f i c  

and d i f f e r e n t  f o r  every c o n s t i t u e n t .  The LPC i s  met only i f  t h e  appl i -  

cab le  water -qua l i ty  c r i t e r i a  a r e  met by a l l  c o n s t i t u e n t s  of concern. 

Liquid phase - no water -qua l i ty  
c r i t e r i a  (227.27 (a )  (2) ) 

21. I f  b ioassays  a r e  conducted ,with t h e  l i q u i d  phase, t h e  above 

approach must be modif ied,  s i n c e  t h e  c o n s t i t u e n t ( s )  caus ing  e f f e c t s  i n  

bioassays cannot b e  i d e n t i f i e d ,  and the re fo re  t h e i r  concen t r a t ions  i n  

t h e  l i q u i d  phase o r  d i s p o s a l  s i t e  water  cannot be measured. The LPC 

app l i cab le  t o  l i q u i d  phase b ioassay  i n t e r p r e t a t i o n  is  t h e  concent ra t ion  

t h a t ,  a f t e r  i n i t i a l  mixing, w i l l  n o t  exceed a  t o x i c i t y  t h re sho ld  of 0.01 

of t h e  acu te ly  t o x i c  concent ra t ion .  The l i q u i d  phase bioassay proce- 

dures  of Appendices D and E r e q u i r e  exposure of organisms t o  va r ious  

d i l u t i o n s ,  expressed i n  pe rcen t  of o r i g i n a l  l i q u i d  phase concent ra t ion .  

I n  order  t o  p r e d i c t  whether t h e  LPC w i l l  be exceeded, i t  is necessary 

t h a t  t h e  d i l u t i o n  expected a t  t h e  d i sposa l  s i t e  a f t e r  i n i t i a l  mixing 

a l s o  be  expressed i n  terms of percent  of o r i g i n a l  l i q u i d  phase concen- 

t r a t i o n .  This may b e  done by comparing t h e  d i l u t i o n  c a l c u l a t e d  by 

equat ion H6 t o  t h e  b ioas say  r e s u l t s .  

22. The volume of t h e  i n i t i a l  mixing zone i s  c a l c u l a t e d  a s  i n  the  

example above, us ing  equat ion  H 1  o r  H% a s  app ropr i a t e .  I n  t h i s  case  i t  
3 

was found t o  be 1,397,920 m . The volume of t h e  l i q u i d  phase contained 

i n  t h e  d ischarge  v e s s e l  i s  then  ca l cu la t ed  by equa t ion  H4; i n  t h i s  



3 example, i t  was found t o  be 2102 m . The percent  of t h e  o r i g i n a l  

l i q u i d  phase concent ra t ion  found a t  t h e  d i sposa l  s i t e  a f t e r  i n i t i a l  

mixing Cw may be  ca l cu la t ed  a s :  

where 

Vw = volume of l i q u i d  phase re leased  i n  t h e  d ischarge  
(equation H4) 

V = volume of t h e  i n i t i a l  mixing zone (equat ion  H1) 
m 

23. According t o  t h e  s o l u t i o n  of equation H6, i n  t h i s  example t h e  

o r i g i n a l  concent ra t ion  of t h e  l i q u i d  phase was d i l u t e d  by a f a c t o r  of 

667, s o  t h a t  t h e  concent ra t ion  a f t e r  i n i t i a l  mixing was only 0.15 per- 

cen t  of t h e  o r i g i n a l  l i q u i d  phase concent ra t ion  a t  t h e  i n s t a n t  of r e -  

l ea se .  I n  order  t o  p r e d i c t  whether t h i s  would exceed t h e  LPC, i t  is  

necessary t o  determine whether t h i s  concent ra t ion  is h ighe r  o r  lower 

than 0.01 (or  o t h e r  f a c t o r )  of t h e  acu te ly  t o x i c  concen t r a t ion .  This  i s  

done by g raph ica l ly  comparing t h e  d i l u t i o n  curve t o  t h e  t ime-concentration 

mor t a l i t y  curve a s  descr ibed  i n  paragraphs 39 through 4 1  of Appendix D .  

1 
24. I n i t i a l  mixing of t h e  suspended p a r t i c u l a t e  phase i s  est imated 

i n  a manner s i m i l a r  t o  t h a t  descr ibed i n  paragraphs 2 1  through 23 f o r  

t h e  l i q u i d  phase without  water-qual i ty  c r i t e r i a .  F i r s t  t h e  volume of 

t h e  i n i t i a l  mixing zone i s  c a l c u l a t e d ,  us ing  equat ion  H 1  o r  H2 a s  appro- 
3 p r i a t e .  I n  t h i s  example t h e  i n i t i a l  mixing zone volume is 1,397,920 m . 

25. The volume of suspended p a r t i c u l a t e  phase conta ined  i n  t h e  

d i sposa l  v e s s e l  must then be determined. Since i t  is i m p r a c t i c a l  t o  

c a l c u l a t e  t h e  volume d i r e c t l y ,  t h e  environmentally p r o t e c t i v e  assump- 

t i o n s  a r e  made t h a t  a l l  s i l t  and clay-sized p a r t i c l e s  a r e  contained i n  

t h e  suspended p a r t i c u l a t e  phase and t h a t  they  would remain i n  suspen- 

s ion  during t h e  4-hr i n i t i a l  mixing per iod .  I f  adequate  d a t a  a r e  ava i l -  

a b l e  f o r  t h e  ope ra t ion  i n  ques t ion  t o  demonstrate t h a t  t h i s  assumption 

i s  v a l i d ,  t h e  most a c c u r a t e  e s t i m a t e  of t h e  pe rcen t  of m a t e r i a l  t h a t  



would remain i n  suspension should be incorporated i n  t h e  c a l c u l a t i o n s .  

The volume of suspended p a r t i c u l a t e  phase i n  t h e  d ischarge  V can be 
s P 

calculated as :, 

where 
3 

VT = t o t a l  volume of d ischarge  v e s s e l  (3058 m ) 

V = volume of l i q u i d  phase i n  t h e  d ischarge  
W 

(2102 m3 from equat ion H4) 

PC = percent  c l a y  i n  t h e  dredged sediment 

Ps = percent  s i l t  i n  t h e  dredged sediment 

26. I n  t h i s  example, assumed t o  be from harbor maintenance dredg- 

ing  and t o  have 50 percent  c lay  and 40 percent  s i l t ,  t h e  volume of sus- 

pended p a r t i c u l a t e  phase i n  t h e  d ischarge  would be: 

27. The percent  of t h e  o r i g i n a l  suspended p a r t i c u l a t e  phase con- 

c e n t r a t i o n  found a t  t h e  d i sposa l  s i t e  a f t e r  i n i t i a l  mixing C is c a l -  
SP 

cula ted  from a s lSght  modif icat ion of equat ion  H6 as : ,  

where 

v = volume of suspended p a r t i c u l a t e  phase i n  t h e  discharge 
SP (equat ion H7) 

V = volume of t h e  i n i t i a l  mixing zone (equat ion H1) m 
28. According t o  t h e  s o l u t i o n  of equat ion  H8, t h e  o r i g i n a l  sus- 

pended p a r t i c u l a t e  phase concent ra t ion  was d i l u t e d  by a  f a c t o r  of 1667, 

so  t h a t  t h e  concent ra t ion  a t  t h e  d i s p o s a l  s i te  a f t e r  i n i t i a l  mixing was 

only 0.06 percent  of t h e  o r i g i n a l  suspended p a r t i c u l a t e  phase concen- 

t r a t i o n  a t  t h e  i n s t a n t  of r e l ease .  I n  order  t o  p r e d i c t  whether t h i s  

would exceed t h e  LPC, one must determine whether C a s  ca l cu la t ed  i n  
s P 

t h e  preceding example i s  higher  o r  lower than 0.01 (or o ther  f a c t o r )  of 



the acutely toxic concentration. This may be done by graphical compari- 

son of the time-concentration mortality curve and the dilution curve, as 

discussed in paragraphs 39 through 411 of Appendix D. 


