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ENVIRONMENTAL PROTECTION AGENCY!
CORPS OF ENGINEERS

TECHNICAL COMMITTEE ON CRITERIA FOR 
~~~~DREDGED AND FI1~ MATERIAl.

/ /
1

— J’ ‘—/ t 
- ~~~~.. —~~ ~~~NSMITTAL OF —

- 
~,,~~ /ECOLOGICAL -EVALUATION OF PROPOSED~DISCHAR GE

OF DREDGED MATERIAL INTO OC EAN WATER S”~~ 
-—

l.~~ In accordance with Section 227.27(b) of the Federal Register,
Vol. 42, No. 7,-Tuesd~y~’11 Jan~a~y’1l977 , (referred to hereafter in
this letter as the Register),’ an implemeiitation manual has been
developed jointly by the Environmental Protection Agency (EPA)’ and
the Corps of Engineers.-(CE). This manual will be used in the imple-
mentation of Section 103 ~of Public Law 92—532 , the Marine Protection ,
Research , and Sanctuaries Act of 1972. ‘~‘Procedures are presented for -‘

evaluation o~~potential environmental impacts of the discharge of
dredged material into ocean waters , an evaluation that is required in
considering permit applications for the~ transport~.t4-~~ o-f~dred ged
material for ocean dumping. ~Yl , c I. .. ! :

2.. The manual transmitted herewit1V~represents a multidisci plinary
effort of both agencies to develop procedurally sound , routinely
implementable guidance for complying with the technical requirements
of the Register. The procedures ~given in the manuaL.are applicable
to evaluation of’ the potential ecological effects of dumping from
hopper dredges , barges , and scows . ~The requirements of the
Register are discussed , and’ detailed guidance is provided on sediment
and water sample collection , ~preparation , and preservation ; chemical
analysis of the liquid phase; bioassays of liquid , suspended particu-
late , and solid phases; estimation of bioaccumulation potential ; and ‘ - . t

the estimation of initial mixing . I .-. , II . t

3. The manual is not intended to establish standards or rigid
criteria and should not be interpreted in such a manner. The document
attempts to provide a balance between the technical state—of—the—art
and routinely imp lementable guidance for using the procedures
specified in the Register and is intended to encourage continuity and
cooperation between CE Districts and EPA Regions in evaluative programs
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for Section 103 permit activities. The manual is particularly im-
portant in forming a foundation to be augmented by more meaningful
and comprehensive evaluation procedures and guidelines as these evolve
from current and future environmental research. It is anticipated
that the manual will be updated as new and more implementable evalua-
tion procedures are developed and verified.
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JT~ I~ Co—Chairman

SU~~~~~~I 0 U. S. Army Corps of Engineers
0

J415IiA~III~ .,..... _ 

___  b 

t S i , ~~!~~ ‘flAI1*~lLITy ~~~ FRAN K G. WILKES
- ,  

~~SP (CIAL Co—Chai rman
U. S. Environmental Protection Agency

— 

D D C

‘ - - ——— —— ., - ‘ ‘.
. — . - ____________________



PREFACE

According to Section 103 of Public Law 92—5 32 (Marine Protection ,
Research , and Sanctuaries Act of 1972), any proposed dumping of

dredged material into ocean waters must be evaluated through the use

of criteria published by the Environmental Protection Agency (EPA) in

the Federal Register, Vol. 42, No. 7, Tuesday , 11 January 1977. The

Federal Register states that an implementation manual describing the

applicability of specific evaluative approaches and procedures will

be developed jointly by EPA and the Corps of Engineers (CE). This

manual contains those procedures considered applicable to evaluation

of potential environmental impacts of the ocean disposal of dredged

material , and it will be periodically revised and updated as advances

in the technical state—of—the—art warrant.

By agreement of both agencies , this implementation manual was

developed by the EPA/CE Technical Committee on Criteria for Dredged

and Fill Material , co—chaired by Dr. Frank G. Wilkes of the EPA and

Dr. Robert M. Engler of the CE. Due to the emphasis on bioassay

in the Federal Register, much of the developmen tal input to the manual

was f rom the Bioassay/Bioevaluation Subcommit tee , co—chaired by

Dr .  Jack H . Gentile of the EPA and Dr .  Richard K. Peddicord of the

CE. Many individuals  wi th in  both agencies con t r ibu ted  to the manual ,

with major input in various areas from those identified as follows :

Compiler and Technical Editor:

Dr. Richard K. Peddicord , University of California ,

Bodega Marine Laboratory , and Environmental Effects

Laboratory (EEL), Waterways Experiment Station (WES), CE

Editor:

Ms. Dorothy P.  Booth , EEL , WES , CE

Part I — Introduction and Part II — General Approaches :

Dr. Peddicord

Appendix B — Dredged Material Samp le Collection and I’reparation :

Mr . James M. Brannon ~ind I)r. Robert M. Engler , EEL , WES , CE



A p p e n d i x  C — Liqu id  Phase Chemical  Anal yses :

Mr.  Brannon and Dr .  Engler

Appendix D — Guidance  fo r  Per forming  Li q u i d  Phase and Suspended
P a r t i c u l a t e  Phase Animal  Bioassays:

Dr .  Peter  J. Shuba and Dr .  Henry E. Tatem , EEL , WES , CE

Appendix  E — Guidance for  Pe r fo rming  Li quid Phase and Suspended
P a r t i c u l a t e  Phase Ph y t o pla n k t o n  Bioassays :

Drs . Shuba and Tatem and Dr .  Jack H.  G e n t i l e , EPA ,

N a r r a g a n s e t t  Environmenta l  Research Laboratory,

N a r r a g a n s e t t , Rhode Island

Appendix F — Guidance fo r  P e r f o r m i n g  Solid Phase B loas says :

Dr .  Richard C. Swar tz , Mr .  ‘Waldemar A .  DeBen , and

Ms. Fa i th  A. Cole , EPA , Corval l is  Env i ronmenta l  Resea r ch

Labora to ry , Newport Field S t a t i on , Newpor t , () regon , and

Drs .  Shuba and Ta tem.

A ppendix  G — Guidance  f o r  Assessing B i o accumu la t ion  P o t e n t i a l :

Dr .  Peddicord

Append ix  H — E s t i m a t i o n  of I n i t i a l  M i x i n g :

M r .  Barry W . Ho l l i day , EEL , WES , CE

Review of the  manual  was conducted by EPA th rough the Marine

P r o t ec t i o n  Branch , Oil and Special M a t e r i a l s  Cont ro l  D iv i s ion ;

O f f i c e  of D e p u t y  A s s i s t a n t  A d m i n i s t r a t o r  f o r  H e a l t h  and Ecological

E f t & t s ;  and the  Ocean Dump ing  Bioassay Commi t t ee ; and by the

Corps of Eng inee r s  t h r o u g h  the O f f i c e , Chief  of Engineers , and the

E n v i r o n m e n t a l  E f f e c t s  Laboratory of the Waterways Experiment Station .
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This Implementation Manual refers to criteria published by EPA in the

Federal Register, Vol. 42, No. 7, Tuesday , 11 January 1977. Throughout

the manual the term “Register” is used to refer to the document in

which these EPA criteria are published . As used in this manual , the

term “Register” shall be synonymous with Title 40 of the Code of Federal

Regulations , Parts 220—228, in which these criteria will be republished

following their initial publication in the Federal Register.



PART I :  INTRODUC T I ON

Background

1. Section 103 of the Marine Protection , Research , and Sanctuaries

Act of 1972 , Public Law (PL) 92—532 , specifies that all proposed oper-

ations involving the transportation and dump ing of dredged material into

ocean w a t e r s  must  be eva lua ted  to d e t e r m i n e  the p o t e n t i a l  env i ronmen ta l

impact  of such a c t i v i t i e s .  This  must  be done by the  Sec re t a ry  of the

Army and the  A d m i n i s t r a t o r  of the Envi ronmenta l  P ro tec t ion  Agency (EPA)

a c t i n g  coope ra t ive ly  th rough  the D i s t r i c t  Engineer  and Reg ional Admin is-

t r a t o r . Env i ronmenta l  eva lua t ions  must  be i n  accordance  w i t h  c r i t e r i a

p u b l i s h e d  by EPA in the Federal  Reg i s t e r,  Vol .  42 , No.  7 , Tuesday ,

i i  J anua ry  1977 ( h e r e a f t e r  r e f e r r e d  to as the Reg i s t e r ) ,  p l ac ing

spec ia l  emp has i s  on P a r t s  227  and 228 insofar as potential ecolog ical

e f f e c t s  are concerned.

2 .  ‘the p r i m a r y  i n t e n t  of Section 103 of PL 92—532  is to r e g u l a t e

and l imi t  adverse ecological effects of ocean dump ing . Consequently ,

the  Reg i s t e r  emphasizes  evaluative techni ques such as bioassays and

h ioas se ssmen t s , which  p r o v i d e  r e l a t i v e ly d i r e c t  es t i m a t i o n s  of the

potential for  env i ronmenta l  impact. To conduct the  r e q u i r e d  procedures

properly requires considerable expertise in conducting b i o l o g ical evalu-

ations. In addition , si gnif icant continuing effort and expense are

required to collect and culture sufficient stocks of all the necessary

species of organisms and maintain them in good condition in the labora-

tory to use whenever an evaluation must be conducted. These considera-

tions argue against obtaining the services of a different group to con—

duc t each evaluation . It is highly recommended that a few groups of

demonstra ted bioassay capability be selected , w i t h  each group con-

ducting evaluations for a number of permi t app lications . This will

enable these groups to develop adequate culturing and maintenance

capabil ities and the expertise and familiarity with the procedures re—

quirt’d to consistently conduct them properl y and to prov ide the most



reliable results at the least cost per evaluation.

Purpose’ and Scope

3. The ~~~~~~ specifie s that this technical imp lemen ta L ion

manual for the cr it er ia  app licable’ to dredged material be developed

jointly by EPA and the Corps of Engineers (CE). The manual was

develo ped jointl y by the EPA/CE Technical Committee on Criteria for

Dred ged and Fill Material , wi th the major contribution from the

Bioassay/Bioevaluation Subcommittee. The manual is an attempt to

provide a balance between technical state—of—the—art and routinely

implementable guidance for using the evaluative procedures specified

in the Register. Guidance is included on the appropriate uses and

limi tations of the various procedures and on sound interpretation of

the results. Its structure follows the general order of test appli-

cation and general priority of importance of testing and evaluation

proced ures presented n the Register.

4. This manual contains summaries and discussions of the pro-

cedures for ecological evaluation of dredged ma ter ia l  requ ired by the

tests to implement them , d e f i n itions , sample collec tion and

preservation procedures , evaluative procedures , calculations , inter-

pretative guidance , and supporting references reqii i~-t-d for the

evaluation of permit applications in accordance with the Register.

Even so , this manual cannot stand alone. It  is impera t ive  t ha t  the

suppor ting references cited in each appendix be consulted for detailed

or more comprehensive guidance whenever indicated. Before any evalu-

ations are begun , the Register and this manual should be read in their

en t i re ty ,  and ci tations and re ferences listed with the appendices

should be consulted to obtain an understanding o~ the gu idanc e the

manual  provides. The technical procedures in this manual were designed

only b r  dredged material and should not be utilized for any other

materials unless definitive research demonstrates their applicability.

5. Th is issue of the implementation manual contains evaluative

proced ures considered to be acceptable regulatory tools f o r  most

situations. In some instances more sophi sticated and complex

2



biological evaluations may be warranted by special circumstances.

However , variations of these procedures should be allowed onl y when

the District Engineer and the Regional Adminis trator are able t o

jus t if y and defend the technical validity of such variations. The

field of ecological evaluation is a dynamic one , and new and better

regulatory procedures are under development. As warranted by

experience with this manual and the development of new procedures , the

manual will be revised periodically . These rev isions will be announced .

6. It should be emphasized that implementation of the criteria is

the joint responsibility of the District Engineer and the Regiona l

Administrator. This manual was developed by research personnel of both

agencies to contain the best technical guidance available for imple-

mentation . However , it is inevitable that situations will arise that

are no t spec i f i ca l ly addressed in the manual , as well as occasions when

a choice of the appropriate course of action must be made . Such situ-

ations must be cooperatively worked out by the tistrict Engineer and

Regional Administrator to their mutual satisfaction as they occur.

7. This manual provides technical guidance to the fullest extent

prac t ica l  on imp lementation of the criteria. Yet technical evaluations

can provide only par t of the input to the decisionmak i ng process. Many

of the criteria do not concern subjects amenable to quantitative evalu-

ation. In such cases objective , qual i ta t ive decis ions mus t be made .

Indeed , the decision on granting of a permit is ultimately subjective .

The cri teria do not prohibit environmental change , but rather “unaccep t-

able environmental impact. ’ Consequently, for each permit app lication ,

the Regional Administrator and the District Engineer must decide how

much potential impact is acceptable under the environmental , economic ,

social , and political conditions related to th e operation in question .

Technical and scientific evaluations provide an important but incom-

plete Input to such decisions .

App licability

8. This implementation manual is applicable to all activities

involving the transportation of dredged material for the purpose 
of3



dump ing It in ocean waters. These procedures do not apply to

ac tivities excluded in Section 220.1 of the Register. These crit e ria

per tain to the transportation for ocean dumping of dredged material

outside’ the baseline from which the territorial sea is measured .

Def m i t  ions

9. The following terms are briefl y defined as used in this report

and its appendices. See Section 220.2 and Part 227 Subpart C of the

Regis ter for complete definitions of terms used in the criteria.

Constituen ts. Chemical substances , solids , organic ma tt er , and

organ isms associated with or contained in or on dredged material.

Criteria. Procedures and concepts published in the Register for

t h i t ’  eval ua ti on of dredged material ocean—dump ing permit app lications .

Disposal site. A precise geographical area within which ocean

dumping of wastes may be permitted. Includes both the bottom substrate

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

Dre4ged material. Bottom sediment or material and the water

associated with such sediment or material that have been dredged or

excavated from the navigable waters of the United States.

Dumping. The disposition of material subject to the exclusions of

paragrap h 220.2(e) of the Register.

Ini tial mixing . Dispersion or diffusion of liquid , suspended

particulate , and solid phases of dredged ma terial that occurs within

4 hr after dump ing.

Limi t ing permissible concentration (LPC) of:

a. Liquid phase: the concentration of dredged material that ,
after allowance for initial mixing , does not exceed app li-
cable marine water—quality criteria or a toxicity threshold
of 0.01 of the acutely toxic concentration.

b. Suspended particulate and solid phase: a concentration that
will not cause unreasonable acute or chronic toxicity or sub-
lethal adverse effects including bioaccumu lation of toxic
materials in the human food chain.

Liquid phase. The centrifuged and 0.45—p—filtered supernatant re-

maining after 1 hr undisturbed settling of the mixture resulting from

the vigorous 30—mm agitation of a 1:4 ratio of dredged material 
and4



disp osal Site water.

1~ce o r .  Those waters of t h e’ open seas ly i n g  seaward  of t h e  b a s e l i n e

fr om w h i c h  the  t e r r i t o r i a l  sea is measured (see paragraph 220.2(c) ot

the ~~~~ ster).

Solid p~~,se. All materi al settling to the bottom w it h i n  1 h r  in

the  ~iquid—p hase procedure . (In practice , bottom sediments of i n  s i t u

d e n s i t y  may be c o n s i d e r e d  to r e p r es en t  the  sol  id h i . i s e ’ .

~,~~ p ended_ P~~’~~ ! P, ~±~~E •  The —it oe’rnatant , pri or t centr i —

f u g a t  ion and f i l t r a t  ion , o b ta i n e d  l~v t he 1 i quid—p hiii se procedure .

Wat e~~~ j~_a 1i t y  c r i t e r i a ,  I h i e  n t , -  n a  p i v e n  for m.,r inc Wat or . in

t h e  EPA p u b l i c a t i o n  ‘‘ ot i , i l i t  ( n i t , ’ r i a  or Water ’ as p u b l i s h e d  in 1 97 h

or in subsequent e d i t  ions.
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PART II: GENERA L APPROACHES FOR EVALUATION OF PERMIT APPLICAT]~ 55

10. The potential &‘fIe ’e’t of the ocean d i s p o s a l  of d r edged  m a t e r i a l

on marine organ i sms  and human uses of the ocean may range from unmeasur—

abl e to important. These’ effects may differ at e ach disposal site and

must  be eva lua ted  on a case—b y — c a s e  b a s i s .  The Res i s ter  p rov ides

cri teria for such an evaluation , wi th an emphas is p laced on direct

assessment of biolog ical impacts. The appropriate technical procedures

are found in Parts 227 and 228 of the Reg is ter. These procedures are

illustrated diagrammatically in the proper evaluative sequence in

Fi gure 1.

~pp l i c a b il it y  (Subpar t  A)

11 . The Register recognizes that dredged material max ’ behave

differen tly from other materials that may be ocean dumped , but does not

p lac e all dred ged material criteria in a separate section. 1herefore ,

it  is necessary  to read Par t  227 , Sub pa r t  A , pa ragraph  2 2 7 . 1 ( b )  care ’ -

fully to determine those sections that are applicable to dred ged materi-

al. It is these sections that are discussed in this manual.

Technical Evaluation (Subpar t B)

12. The firs t evaluative consideration shown in Figure’ 1 inv olves

the presence of certain substances that may not be ocean dumped under

any circ umstances. If any of these are present , the’ permit applic ation

must be denied without further consideration. Dredged materials , how-

ever , are hi ghly unlikely to contain these substances and must u s u , i I l v

r e c e i ve  the full technical evaluation required by the c r i t e r i a .

13. There are obvious cases where dred ged material is not con-

sider ed chemically contaminated and would , ther efo r e , cause neg l i gib l e

pollu tional Impact when discharged at an appropriate disposal sit e .

Thus ma terial that meets the requirements of par ag rap hi 227.13(b) (see

Appendix A , page A2 ) may be’ excluded fr. -i ~ the technical evaluations

required by Section 227.13 and need be evaluated only i n  te rms of its

compatibility with tin’ disposal site’ and the considerations of Subparts

C , D, and E and t h e  appropr iat e sect ions of I’art 228, as illustrated in

FIgure 1. 
-
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14. Dredged material that does no t  meet  t h e  c o n d i t i o n s  f o r  exclu-

sion of p a r a g r a ph 227.13(b) must receive a full technical evaluation of

i t s  p o t e n t i a l  b r  environmental impact. The evaluative procedures

emp ha~~ii .e  b io log i ca l  e f f e c t s , r a t h e r  t han  s imp le ’ chemical  p r e sence , of

possible’ contaminants. Dredged material is separated for evaluation

into three phases , as defined in paragraph 227.32(b)(l) of the Reg ister

( see App endix A , page A 3 ) .  The l i qu id phase and the suspended  p a r t  i c u —

l a t e  phase are  considered to have the greatest potential for impact I)n

the water column and are evaluated with t h i s  in mind . The solid phase

has the gre’ate’st potential for impact on benthic organisms , and evalu-

ative emphas i s  is placed thery . All three’ phases must be evaluated , as

indica ted in Fi gure 1.

Li qu id phase

15. The liquid phase of dred ged material may be evaluated in

e ither of two ways , as specified in paragraph 227.13(c)(2) of t h e

Reg ister. Where th e-re ’ is concern about specific- contaminants that may

be released in soluble form , the liquid phase may be ana lyzed  chem i c a l l y

and t h e results evaluated by comparison to water—quality criteria for

those contaminants after allowance for initial mixing . The period of

ini tial mixing, discussed in paragraphs 26 and 27, must be allowed be-

fore comparing the predicted concentrations to water— qualit y criteria.

This provides an Ind i rect evaluation of potential biolog ica l  impac t s of

the liq u i d  phase , since the water—quality criteria were derived f rom

bioas savs of solutions of the various contaminants . Chemical evaluat i o n

of the li q u i d  phase is 
~~~~ 

ible only for those c o n t a m i n a n t s  f o r  which

s p e c i f i c  water—quality criteria have been established. The major con-

stituents to be analyzed in the l i qu id  phase are to be selected cooper-

a t ively by the District Engineer and the Reg ional Admin istrator , as

discussed in paragraph 227.13(d) of the Register. Sample collection

and preservation methods are given in Appendix B, and the appropriate

laboratory procedures and supporting references may be found in

Appendix C of this manual.
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16. If  the  w a t e r — q u a l i t y  c r i t e r i a  approach  is  not t aken , the

liquid phase must be evaluated by bioassay s, as indica ted in Fi gure 1.

The direct bioassay approach is to be used when the liqu id  phase’ may

contain major constituents not included in the wate ’ -quali ty criteria

or when there is reason to be concerned about possible synerg istic

effec ts of certain contaminants. In these cases liquid phase bioassays

can aid in evaluating the importance and the total net impact of dis-

solved chemical constituents released from the sediment during disposal

operations .

17. Li quid phase bioassays must be conducted wi th  “appropriate

sens i t ive  mar ine  organisms .” Paragraph 227.27(c) of the R e g i s t e r  (se’e

Appendix A , page A8) defines this to mean at least three species con-

sisting of one phytoplankton or zooplankton species , one crustacean or

mollusc , and one fish . Phytoplankton bioassays can indicate the

potential for algal stimulation or inhibition by the dredged material

in ques t i on .  However , it is widely f e l t  tha t  potential effects on

phytoplankton are generally of little environmental concern at ocean

dredged material disposal sites , due to the extremely dynamic and

variable charac teristics of natural phy top lank ton assemb l ages and to

thle rap id mixing and dilution that occurs in the water column . For

t hese reasons , unless there is a specific reason to be concerned about

potential effects of the proposed operation on phy top lankton , i t is

recommended that a zooplankton species be selected to fulfill that

portion of the bioassay species requirement. Laboratory procedures for

conduc t ing liquid—phase animal bioassays may be found in Appendix D;

guidance  on phy top lank ton b ioassays , if they are felt necessary , is

contained in Appendix E of this manual.

18. It should be recognized that dred ged material bioassays cannot

be considered precise predictors of environmental effects. They must

be regarded as quantitative estimators of those effects , making

interpre tation somewhat subjective . In order to avoid adding more un—

cer tain t y to their  in terpre tat ion , the animal bloassays given In this

manual all utilizv mortality as an end poin t. The significance of this

9



response to the individuals involved is clear , but the state of ecologi-

cal understanding is such that it remains impossible’ to predi ct ~he

ecological consequences of the death of a given p e r c e n t  of the local

population of a particular species. For example , there is presentl y no

basis for estimating whether the loss at the disposal site of 10 percent

of a particular crustacean species would have inconsequential or major

ecolog ical effects. This interpretative uncertainty becomes over-

powering when a parame ter whose ecological meaning is not as clear as

mortality is used as the bioassay end point. In view of the’ inter—

pr c- tative difficulties , the bioassays in this manual specif y dea th as

the response to be measured . Interpretative guidance does not a t t e m p t

to consider the ecolog ical meaning of the mortality observed , bu t takes

the environmentall y protective approach prescribed in the J~i , ~~L 
that

any statisticall y si gnifican t increase in mortality compared to the

controls is potentially undesirable , It is important to realize , how-

ever , that a statisticall y si gnif icant effect in a laboratory bioassay

cannot be taken as a prediction that an ecolog ically important impact

would occur in the field . Bioassay results must he’ evaluated in light

of i n i t i a l  m i x i n g  (Figure 1) as discussed in pa rag raphs  26 through 28.

Suspended particulate phase

19. The suspended particulate phase of dred ged ma terial may be

evalua ted for potential environmental impact only by use of bioassavs.

N o chemical  procedure has yet been devised that will determine the

amount of environme n tall y ac tive contaminants present in the suspended

par ticulate phase of dredged material. Therefore , bioassziys arc’ used

to evaluate directly the potential for biological impacts due to both

the phy s i c a l  presence of suspended particles and to any biologi call y

active contaminants associated wit h the particles and/or the dissolved

frac tion . Suspended particulate phase bioassays must also be conducted

with appropria te se nsitive marine organisms , as described in paragraph

17 for liquid phase’ b ioassays. In addition to the discussion t . ler e

concern ing the general advisability of phytoplank ton bioassays with

dr edged ma terial , it should be noted that suspended particulate phase

10



phytoplankton bioassays are extremely difficul t to conduct and interpret

validl y. This is due to interferences and predation on the test species

by pro tozoans contained in the dredged material being tested. Conse-

quently, in most cases the maximum amount of useful information on

potential effects of the proposed disposal operation will be obtained

by bi oassay ing zoop lank ton , a crustacean or mollusc , and a fish.

Sol id phase

20. It is generally fel t that if a dredged material is going to

have an environmental impact , the greatest potential for impact lies in

the solid phase . This is because it is not mixed and dispersed as

rapidly or as greatly as the liquid and suspended particulate phases,

and bottom—dwelling animals live and feed in and on the deposited solid

phase for extended periods. Therefore , unless there is reason to do

otherwise , the major evaluative efforts should be placed on the solid

phase . The Register requires that bioassays be used to evaluate the

potential impact of the solid phase. No chemical procedures exist that

will determine the environmental activity of any contaminants or comb i-

nation of contaminants present in the solid phase of dredged material.

Therefore , animals are used in a bioassay to provide a measurement of

environmen tal activity of the chemicals found in the material.

21. Solid phase bioassays , described in Appendix F, must be con-

duc ted with “app rop r i a te sensi t ive ben th ic  mar ine  organisms .” P a r a g r a ph

227.27(d) of the ~~~4,~,ter (Appendix A , page A8) defines this to mean at

least three’ species , consisting of one filter—feeding, one deposi t—

feeding, and one burrowing spec ies. These are broad overlapping general

categories , and it is recommended that the species be selected to in—

chide a crustacean , an infaunal bivalve , and an infaunal polvchaete.

22. Paragraph 18 is a key discussion pertinent to all bioassay

procedur es in this manual, including solid phase bioassays, which also

measure mortality as the end point because of its clear physiological

significance’ . However , as pointed out in paragraph 18, the  eco log ica l

mean i ng of the death of a given percen t of the animals of one or several

species at the disposal  s i t e  cannot  be e s t i m a t e d  at  p r e s e n t .  T h e r e f o r e ,

11



the Interpretative guidance presented for the solid phase bioassay is

environmentall y protective in that any statistically sig n i f i c a n t

increase in mortality compared to the controls is considered potentially

u n d e s i r a b l e . This approach is env i ronmenta l ly  conservat ive  in t ha t  i t

does not attempt to consider the ecolog ical meaning of the mortality

observed , but  assumes tha t  any m o r t a l i t y  mi ght be adverse .  Again , i t

must be emp hasized that a statistically significant effect in a labora-

tory  b ioassay does not necessarily imp ly that an ecological important

impact would occur in the field. Solid phase bioassay results must also

be interpreted in light of initial mixing as discussed in paragraph 28.

Bioaccumulat ion

23. The cr iteria require that all biological evaluations of the

suspended particulate and solid phases include an assessment of the

potential for contaminants from the dredged material to be bioaccumu—

lated in the tissues of marine organisms (Fi gure 1 and paragraphs 227.6

(c)(2) and (3) of the Register). This is intended to assess the po-

tential for the long—term accumulation of toxins in the food web to

levels that migh t be harmful to the ultimate consumer , which is of ten

man , without killing the intermediate organisms. In order to use bio—

accumulation data in a permitting decision , it is necessary to predict

whether there will be a cause—and—effect relationship between the

animals ’ presence in the dredged material and a meaningful elevation of

body burdens of contaminants above those of similar anir’als not in the

dredged material.

24. Since concern about bioaccumulation is focused on the possi-

bil ity of gradual uptake over long exposure times , primary attention is

usually given to the sol id phase that Is deposited on the bottom. Bio—

accumulat ion from the suspended particulate phase is considered to be

of secondary concern except in special cases, due to the short exposure

t ime resul t ing from rap id dispersion of the suspended particulates by

mixing. Should this be a major consideration for the operation in ques-

t ion, the laboratory bioaccumulation procedures given in Appendix C may

be used to assess the suspended particulate phase . Because of the long—

12



term na ture of the conce rns , bioaccumula tion from t h e’ solid phase is at

present best evaluated in the field where possible. This can be done

only when an historical preceden t exists for the proposed operation , as

discussed in paragraphs 2 and 3 of Appendix C. Under these conditions ,

a field assessment provides the most useful information because the

animals have been exposed to the sediment under natural conditions for

longer periods than are now generally practical in the laboratory . To

the extent that source control has prevented increased input of contami-

nan ts , it will generally be true that sediment quality at dredging si tes

will not be lower than at the time of previous dredging and disposal

operations. Therefore , since the same disposal site is traditionall y

used repeatedly f o r  each dred g ing si te , a val id historical preceden t

probably exi sts at present for most disposal operations utilizing sites

des ignated in Section 228.12 of the ~~~~~~~
25. The environmental interpretation of bioaccumulation data is

even more difficult than for bioassays because in most cases it is

impossible to quantify either the ecological consequeaces of a given

tissue concentration of a constituent that is bioaccumulated or even

the consequences of tha t bod y burden to the animal whose tissues con-

tain it. Almost without exception in the marine environment , there is

no technical basis for establishing, for example , the tissue concen-

tration of copper in a species of poljchaete that would be detrimental

to tha t organ i sm , not to mention the impossibility of estimating the

effec t of that organism ’s body burden on a preda tor. Therefore , in

order to ensure environmental safety, the interpretative guidance

assumes that any statistically significan t bioaccumulation relative to

animals not in dredged material , but  l i v i n g  in material of similar sedi—

mentological character , is poten tiall y undesirable. The evalua tion of

experimen tal results using this approach requires the user to recognize

the fact that a statisticall y significan t difference cannot be pre-

sumed to predict the occurence of an ecolog i ca l ly important impact.

Bioaccumulation results must also be evaluated in light jf initial mix-

ing as discussed in the next section.
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26 .  A l l  d a t a  f rom c h e m i c a l  ana l ysis  of the ’ l i q u i d  p hase , b loassays ,

and b i o a c c u m ul a t i o n  s t u d i e s  mus t  be interpreted in ligh t of in it ial

m i x i n g ,  as i l l u s t r a t e d  i n  Fi gure  1. T h i s  is necessa ry  s i n c e  biolog ical

effects (which are the b a s i s  for water—quality criteria) are a function

of b io log ica l ly available’ contaminant concentration and exposure time

of the organism. Laboratory bioassays expose organisms to relatively

constant concentrations for fixed periods of time , while in the field

both concentration and exposure’ time to a particular concentration change

continuously . Since both factors will influence the degree of biological

impac t , it is necessary to incorporate the mixing expected at the site

in the interpretation of biological data.

27. Ini tial mixing is defined in Section 227.29 of the Register

(Appendix A , page A6) and guidance on estimation of initial mixing may

be found in Appendix H of this manual. Methods for incorporation of

mixing estimations into the interpretation of water—quality results are

included in Append ix  C , and these  me thods f o r  l iqu id  and suspend ed

par ticulate phase bioassay data are included in Appendix D.

28. Al though the Register allows the consideration of initial

m ixing and dispersion of the sediment after it reaches the bottom in

interpreting solid phase bioassay data , no objective method of doing so

has been devised. Rather , there has been an attempt to incorporate the

phenomenon of solid phase sediment dispersion into the bioassay design

to some extent . The concep t is expressed in the environmental impact

statement on the ocean dump ing cr i ter ia* that “EPA has chosen to allow

some change in sediment characteristics or water chemistry as being

reasonable , but no damage to the biota out—side the region of initial

mixing is allowed under these criteria .” The solid phase bioassay

techni que , therefore’, does not evaluate the physical effects of massive

sediment deposition immediately under the discharging vessel , since the

* U. S. Environmental Protection Agency, “Proposed Revisions to Ocean
Dump ing Cri teria: Final Environmental Impact Statement ,” 1977 , Office
of Water Program Operat ions , Washington , D. C., p 128.
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primary e’oncern is that damage not extend beyond the reg ion of initial

mix ing. Instead , the techn ique generally approx imates conditions near

the  d i sposa l  s i t e ’ boundary  where  s ed imen t  d i spe r s ion  has reduced  the

depth of deposited dredged material to a few centimetres. The solid

phase- bioassay techni que measures the effects of chemicals associated

with this deposited sediment , r at he r  than p hy s i c a l  e f f e c t s  of the ’ sedi-

men t. It is apparent that there will be a gradient of decreasing effc’cts

wi th increased distance due’ to dispersion away f r o m  the d isp osal si te ,

al though the nature of this gradient cannot be determined. ‘l’he refore ,

the envi ronmen tall y pro tec t ive as sump t ion is mad e tha t a sta t is t ica l ly

significan t effect in the  solid phase b ioassay  indica tes a re-al po-

tential for environmental impact from the solid phase .

29. The Register also requires consideration of initial mixing

in i n t e r p r e t i n g  the r e s u l t s  of b i o a c c u m ul a t i o n  s t u d ie s . In c o n t r a s t  to

the  s i t u a t i o n  w i t h  li quid  and suspended p a r t i c u l a t e  phase b loassays , no

o b j e c t i v e  semi q u a n t i t a t i v e  method f o r  i n c o r p o r a t i n g  m i x i n g  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 su l t s  has been developed f o r  b ioaccumula—

tion data. If , in light of paragraph 24 , bioaccumula t ion f r o m  the sus-

pended par t icula te phase is of concern , evaluation of the results must

subjectively consider the effects of mixing on exposure time and concen-

t ra t ion , and thus on bioaccumulation . In field evaluations of b io—

a c c u m u l a t ion poten t ial , mixing is fully incorpora ted into the experi-

mental design , since the’ animals have lived in the sediment under the

natural conditions at the site since the previous disposal operation.

This is a major a.lvantage of f ield assessment of bioaccumulation

potential from the solid phase over labora tory c-valuation s .

Trace con taminants

30. As ill ustrated in Figure 1 , the presence or absence of trace

contaminants must be determined for all three phases of the material.

Sec t ion 227.6 is perhaps the key section of the criteria , since dredged

material may not be- ocean dumped if it contains any of the listed

substances in greater than trace amounts. This is not defined in terms

of numerical chemical limits whiose environmen tal meaning is uncertain ,

15

.fl -



but rathcr* ‘ . . . El’A came to the celnciusion that the  basis  f o r  r e g u l a t  ion

[of t r a c e -  c o n t a m i n a n t s ]  should  be the’ probable impact of these constitu-

ents on the biot,4 and t h a t  the ’  measurement  t echn ique u s e d  should be

bioassays on the waste itself.” Section 227.6(b) of the Register cx—

prc-sse- s in re’gulatorr’ language the idea that trace concentrations be

def ined as those  too low to cause an env i ronmenta l  e f f e c t .

31. In other words , marine organisms are regarded , in a sense , as

anal ytical instruments for determining the environmentally active’ por-

t ions of any contaminants present. Imp lementation of this approach to

the definition of trace contaminants requires that lack of effect in

b ioassays and bioaccumulation studies be taken to mean that contaminants

are absent , or pre sent only in amounts and/or forms which are not

environmen tally ac t ive , and therefore do not exceed so—called “trace

c o n c e n t r a t i o n s.” When e f f e c t s  do occur in dredged material bioassays ,

i t  is not poss ib le  w i t h i n  the present  s t a t e — o f — k n o w l e d ge to de te rmine

which consti tuent(s) caused the observed effects. Therefore , it must be

assumed they are due to Section 2 2 7 . 6  m a t e r i a l s  because it cannot be

established that this is not the case. This would mean some contami-

nant(s) is present in greater than trace concentrations . In practice ,

the e xact identity of the contaminant(s) causing the effect is of little

co ncern from a regulatory viewpoint , since dredged material that mi ght

cause an e n v i r o n m e n t a l  e f f e c t  f o r  any reason should not be’ ocean dumped

excep t perhaps under special circumstances. Following this reasoning ,

b ioaccumula t  ion of any  p o t e n t i a l ly h a r m f u l  consti tuen t , whether listed

in Sec tion 227.6 or not , could make the material undesirable for ocean

dump ing.

32. Since the assessment of trace contaminants depends upon the

determina tion of effects , it cannot be made until the bioassays (and/or

water—quality studies), and bioaccumulation studies are completed and

in terpreted with conr ideration of mixing . Only then can effects , and

t h u s  t l , e  presence of contaminants in other than trace concentrations ,

be estimated. This sequence is illustrated in Figure 1.

* ibid., p 83.
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33. P a r a g r a p h  2 2 7 . 6 ( d )  a l l o w s  spec ia l  s t u d ie s  to  e s t i m a t e ’  t he

p o t e n t i a l  e n v i r o n m e n t a l  i m p a c t  of materials believe d to contain com-

pounds identified as carcinogens , mutagens , or teratogens f o r  which

there- are no water—qualit y criteria. This paragrap h is expec ted to

appl y to relatively few permit app l ications for tb ~ - ocean disposal of

dred ged m a t e r i a l .  ln cases where  i t  does a p p l y ,  the required special

studies would have to be specifically designed for the contaminant If

concern under the particul ar conditions of the operation in question.

Such highly site— and problem— specific studies are beyond the’ scope of

a manual such as this and must be designed for each si tuation in which

they are needed .

34. The prohibi tions and limit~~tions of Section 227.6 do not app ly

when it can he demonstrated that the material in question is environ-

men tally acceptable , as described in paragrap hs 227.6(f) or (g) of the

Reg ister (Appendix A). Again , the studies necessary to demonstrate

comp liance wi th these paragraphs would have to be designed spec ifically

for the environmental conditions and contaminants in question , making

them so site specific as to be beyond the scope of this manual. Both

these studies and those discussed in paragraph 33 would have to he

designed coopera tively by the Dis trict Engineer and the Reg ional

Adminis trator to satisfy their mutual concerns about compliance’ of the

material with the criteria.

Ceneral compatibility with the disposal site

35. Once the preceding criteria have been satisfied , the general

compa tibility of the dredged material with the proposed disposal site

must be evaluated under SecLions 227.9 and 227.10 of the’ Reg is ter. Both

sections are rather subjective criteria , and no specific evaluative

procedures exist for determining compliance with either section. It

should be noted , however , that the available evidence indicates that the

amounts of dredged material usually ocean dumped at one time and p lac e

generally would not create long—term damage caused simp ly by the vo lume

of material dumped . Notice from Figure 1 that dredged material excluded

from technical evaluation under paragraph 227.13(b) must meet the

17



requir ements of Sections 227.9 and 227.10.

Evalua tion of Subpart B results

36. A t this point the’ evaluations required under Subpar t B of tile’

Reg ister will h ave been conducted. tnd e-r Section 227.3 , i f  a dr edged

material fails to me- i t the Subpar t B criteria , the permit may be denied.

Ne-ed for Ocean Dump ing (Subpar t C)

37. No material may be ocean dumped unless there is a demonstrated

need to do so unde r Subpart C. Th is subpart is in efle ’ct an evaluation

of alternative disposal sites in terms of potential environmental

impac ts , irreversible commitment of resources , and costs. No disposal

al ternative- is initially conside’red more desirable than any other and

the evaluation is to be made on a case—by—case basis. That is , confined

or upland disp osal cannot be comsidered environmentall y pref er ab l e  to

aqua tic disposal unless consideration of the potential environmental

impac ts (including groundwater contamination , leachate and runoff impacts ,

and permanent alteration of the site’) show it to be so. Similarly,

ocean disposal should not automatically be considered th e most desirable

alternative- . As poin ted out in Section 227.14, specific quantitative

cr iteria for evaluating the need for ocean dump ing cannot be given , and

t h u s c - v a l u a t i o n  r em a i n s  e s s e n t i a l l y  a sub j e ’ct iv e  one.

Impac ts on Esthietics, Recreation, and Economics (Subpart D)

18. Be-fo re’ a permit may be granted , the probable impac ts on

esthetics , recreational , and economic values mus t be evaluated , as

described in Subpar t D. Although th i s , too , is a nonquantitative evalu-

ation , consider ation of information from the Subpart B technical assess-

ments is required in paragraph 227.18. Despi te the qualitative nature

of the re-quired assessment , paragraph 227.19 requires that the re sults

be expressed , insofar as possible , in quantitative terms .

Impacts on Other Uses of the Ocean (Subpart E)

39. Subpar t E is related to the above requirements , but it re-

quires evaluation of specific actual or potential uses of the disposal

s i t e , including but not l imited to those listed in paragraph 227.21.

These again are criteria for which specific quantitative’ tests of

18



i’c’mpl lance cannot  be g i ven .  However , much i n f o r m a t i o n  developed in t h e’

— ( i h ;’~I r t  B te ’chnhal evaluat ions will be directly relevan t to tile’ assess—

mi-nt of p o t e n t i a l  i m p a c t s  on l i v i n g  resource’s  and t h e i r  u t i l i z a t I o f l .

S ite ’ Management Considerations

~P. Th~ evaluation of the proposed disposal  s i t e ’  in r e l at  ion to

r e qu i r e m e n t s  t o r  e f f e c t i v e  si te managemen t mus t al so be cons id er ed ,

according to paragrap h 2 2 7 . 1 3 ( a ) .  Th is  is covered in Part 228 of the

R - ~~is tt- r , of wh ich  onl y paragraph 228.4(e) and Sections 228.9 and 228.12

, i p p l v  to  dredged m a t e r i a l .  Sp e c i f i c  implementation procedure’s for these

r e q u i r e m e n t s  cannot  be o f f e r e d  at p r e s e n t , and a p p r o p r i a t e  t e chn i ques to

sa tis fy  the crit eria will have to be worked out cooperativel y by the

Regional Adminis trator and the District Engineer on a case—b y—case basis.

Decision on the Permit App lication

~ 1. It is possible’ that in some cases adequate information upon

which to base’ a sound environmental evaluation of a permit under the

cri teria will not be supplied. In such cases paragraph 225.2(b) allows

addi tional information to be requested and the application to be re-

evaluated .

42. Only when dredged material can comp ly wi th all the applica-

ble requirements of Parts 227 and 228, as discussed earlier , may a

permit be granted for ocean dumping under paragraph 227.2. The permit

must be denied in all other cases. If the permit is denied but the

dredging is essential and no feasible alternatives are available , a

waiver of the criteria may be sought under Sections 225.3 and 225.4.
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Appendix \ : Reorga ii izah ion ol ~‘e(t ioil 22 , .  I 3 front
“(h ean  l)iimping—F’iiial Revisions of Regu lat ions and Crileria”*

to I r ivorporate (ro us-Reterenees

This appendu .~ is appropriat e  b r  use by all r egula tor ~ e le m e n t s  concerned
with the ocean disposal of re’ehgce h tuta terial. Ii is a compilation and
r eorganization of those sectioiis e)f Part 227  of t h e  1 I J anuary  1 (p7 7 Feehcra l
Register tha t  concern technica l  ev a lua t ion  of dredged ma t cr i ~ l proposed for
ocean disposal , There have ’ been no a l tera t ions  of c o n t e n t . hu t t he  sec t ions
have simply been rearra nge eh to incorporate cm IISS- r c ’ t c ’rc ’u l cc e I  i tems. i b i s
app endix concerns technica l evalu at ion only and mus t  he usd 1 in c on j u n c t i o n
with the other per t inent  sections e)f the Federal Register.

* E nvironmental Protection Age ncy. ‘Ocea n l )urn p in g— Ei na l Revisions III Regulations and
( r l t i ’r ia .” Federal Register, Part VI . Vol . 42 , No , 7, Tuesday, I I  Ja nuary l~ 7

- 
~~~~~~~~~ ‘ i-n- -‘r~~ ’t *  — — .~~~. . - . , .,- ; .  - ‘  , —F , . .  .. -



§ 227.1 App licabilit y ,

( a )  S e c t i o n  102 oi~ ti l t ’ \ c t  require’s that c r i t e r i a  f o r  t i l e ’ iS Sli;uile e ’ of ocea n
disp osal pe’rmit s  be p r o t n tmlg a t e ’d at k r  consideration of t i m e  e’ll\ i r o n m n e i i  t a t  c O c c i
of the  proposed & h u u i u i p i n g  ope r a t i on , t i m e ’ need f o r  oce ami d u m p i n g .  a l tc ’r i i a t i v es
to I)e e’a Il d u m ping .  and the’ ef I e ’c t o f  t i m e ’ p r lup l l s e d  je’tioil oil e’s t h l t ’ t i c ,
r e c rea t iona l  amid e conom lu ic  va lues , and on oilier Usc’s oh t i l e ’ I) ce ’a m i. Ihi s I’art 22”
and Part 22~ of th i s  Subchap ter  I I  together  e o f l s t l t t i h c ’ t h e’ c r i te r ia  e s t a b l i s h e d
pursuan t  to Secti om i 11 ) 2  of the A c t .  I h u e  dec i s ion  of ’ t ue A d m n j n i s t r a t l ) r ,
Regional A e h i m i i n i s t r a t o r  or t h e  I ) i s t r i e t  E ngineer , as tile case ’ m a y  he’ , to issue
or ti di ly a permit  am i d to impose’ spe’c i t i c  e u ) i l t h i t iOi is  on an~ p e r m i t issued will
he’ based on an e v a l u a t i o n  of t h e  P ermi t  application l ) l i r suant  to tIle’ c r I t e r i a
set fo rt h in t h i s  Part 227 and upon the re e it i i r e ’ mlle ’ m m t s  h e r d isposa l  sit e ’
ilianagem e’nt pur suant to time cr i te r ia  sc’t i o r t hm in Part 228 oh ’ t i l is Suh e l i  ap t e r  11 .

t h  I Wi t h  respect to the  c r i t e r ia  to be used in e v a l u a t i n g  di sposal of dred ged
m a t  :ri al s, t h i s  Sect ion 227.  1 and Subparts  (, I), I - . and ( ; apply in t h e i r
em ’ a re ’ ty . I o de term mile  wh e t h er the  proposed c lu m p i ng of ehre’eh geel ill a te’rial
complies s s m t l i  Sub pa r t  13, ( l i l ly  Sect ions 227,4, 227,5. 227,6. 227,9. 227,10 ,
ant I 227. I 3 app l~ , A n applicant for a permi t  to c lu m p dredged m a t e r i a l  mus t
comp l y wi th  a l l  I ) )  Sub par t s ( ‘.  D. I - , ( am i d appl icable  sect ions oh 13, to he
dce’nm ed to have In ch the  EPA c-r i te ’ria I or ci redged m a  teria l  du i l i p i n g  p romulga t ed
pursuant to Section l 02(a) of t i l e  Act .  I I , in i m m i v  case , the Chief of I ug inee r s
h nels tlu ai . im i th u e’ elmspo sitiolnl of dred ged m a t e r i a l .  th i e re ’ is rio e’conomi~,ull ~
f ea s ib l e ’ method or si te ’ a vai lable  001cr t h l a i l  a d u m i i p i i i e  s i te . t h e  ti t i l i i a t i o i i  oh
wh ich woul d resu lt  in non coin p1 ian ce wi th  the c-ri ter i a  c’s ta 1)1 isl ied pti rsuami t to
Subpart  II r e l a t ing  to t i le  e’h i c c t s  of h u u m n p i i i g  or ~ m t i i  t i le ’ r e s t r i c t i o n s  e s t , u I ’ l i s i m e ’ch
P u r suan t  to Section 102(c )  of t i le  Act r e l a t i n g  to c r i t i c a l  arc ’ ,ls . lie shall  SI )
certi f y and request t h a t  the  Secretary oh tile .- \ r n iy  se ek  a es am s e’r f rem I lit ’
Ad min i s t r a to r  pu ir su an t to P art  225.

( c i  The (‘r i te r ia  of t i l l s  Part  227 are e st ab l i sh ed  p u i r s u i a n t  to Se’~ h i c n  102
of the Act and J l)ply to the e~a h u i a t i o n  of proposed d u m n p m m i g  oh ml la t e ’ r l , l l s  Li IieIe ’r
Title I oh ti le .- \ e t .  l’lue ( r m t e ’ria of t h i s  Part 22 7 dea l  v , m t i m  l i m e  c’sa l L l , l ~ ion ( I
Proposed dun ipim ig d)f materials on a c-ase’—h~~c,isc’ bas i s  h r o m m m  i i i t o r i l l a t l h ’ l l
supplie eh by the applicant or otllerss se’ ava i lab le  to I PA II tile ( cl ip s Oh
Fn gimieer s con c erm i imi g t i l e ’ e’ i iara ct e ’ri st i e ’s ot t i l e  ssaste aiid otiler co n s i d e r a i i ’rus
re la t i t i g to the proposed elum npin s .

(d A l t e r  con sie ler atmon ot t ime  pr I ls s l Im s e h  Sections 22.~~ 2~L l l i e l  2 2’ 2° .
no ) p en imu i t  wil l  he issu ed wi l en  t i l e  e i l l l i l p l m i ~ w ould resu l t  i ll ,s \ l ’ l a t i o l l  oh
app l l e a i ) I e  W ate r  qua l i t y  s t am i da rds .

§ 227 .13 l)red ged materials.

( a )  I)r edge d mi i a t e r ma l s  are h ( l t t o mn  sedi m en t s  or m l l a t e r i a l s  t h at h a s  e’ bee n
dredged or e’xca Va ted f ro m t i le  n a y  igahle Wa h e r s  oui t i le  ( m i  ted S ta te ’s. and t iu e i r
disposal in t o )  oceami water s  is regulated by t i le I I . S. -‘sony  ( orps o~t I lug imleer s
using tile cri ter ia  of applicable sections of Parts 227 am i d 22s . l)r e ’o igc ’d m iua t e r i a l
comi sists prmm ii ari ly oh’ na tu ra l  s c -h  j i i l e ’ l l t s or m a te r ia l s  s s i l i c I l  lil ,m\ he c o m l t a m i l i m l a t c ’d

Al



by m u n i c i p a l  or i t i t h u i s t r i a h  wa stes  or by ninoff f’roni terrestrial soul red’s such
as a gn i e -ul  t u i r a l  l ands

h I)red g eei mate r ia l  which  m il ee ts  the cr i ter ia  set for t h  in t h e ’ to lloss i rig
paragraphs (I). (2). or ( 3)  is e n v i r o n m en ta l ly  acceptable for oceami c l ump ing
w i t h o u t  l u r t h i e m ’  t e s t ing  t inder  th i is sectid )n:

(1 I I)redgeel material is com posed predominantly of sand , gravel .
rock , or any other  n a t u r a l l y  occurrin g hottoni mater ia l  wi th  par t ic le  sites larger
than silt , and the materia l  is toun d in are as of high current  or wave ener gs
such as strea m s wi th  large he’d loads or coastal areas with shifting liars andi
channels: or

I 2 )  Dre d ged material  is for beach notirishmemit or restoration and
is comiiposed preeho mi na n t ly  of sau d . gravel , or shell with par t ic le  sm /e s
compat ible  wi th  mater ia l  on the receiving beaches: or

( 3 )  When:

( i )  The mater ia l  proposed for dum ping is subs t am i t i a h l y  the saint ’
as the su t s t r a t e  at the pr oposed disposal s i te:  amid

( i i )  T h e  site l’rom which the material  proposed for e iu m p i n g
Is to he taken is far removed f rom known exis t i m m g and historic al  sour ce ’s of
po hiu t i om i  so as to ) p10 )5- id e reasonable assurance tha t  such material  has m b )  been
co ) m i ta mil in a t e d  by such pol lut ion.

(c ) When dredged mater ia l  proposed for oceami t h u m p i n g  does n ot  meet
the c r i t e r i a el f paragraph b h )  of th is  section . f u r t h e r  tes t ing oh t h e  h i ( h u i dh .
~u i s pe imc le t i  pa r t i c u la te , andl solid phases , as d e f i n e d  in Sect i on  227 .32 . us
re’e lu u red  .

§ 227.32 Liquid, suspended particulate, and solid phases of a material.

(a) I ’ur i / i c  Purposes of i/ lo se ’ regulations , fli t ’ l iquid phase ’ Ill a material ,
suleje u t to i / ic ’ e’ .ve lu.sions i ii paragraph (in)  of i/u .s section . iS i / i t ’ ‘l i / ) ( r ? l a t W i t
re/ naming after one hour ii, idisiurhed .se ’tt li iig. after centrif uga t ion and fil tration
through a (1 4.~ inn-ron fi l ter The suspended parti culate p has e is th e  ciq ne ’r!i atwut
a.s I , /) ta i , 1o ’o/ a/ un - u - p r ior to u o ’n trj fug atj o, i  and filtration. Th e’ s o/j ul  pha ’1o ’ i ,mc luole -s
all inate ’ria l set t l ing iou the bottom in one hour , Settling shall /10 ’ con e/i n it ’d
ac (-I) rd ing to pr oc edur es appro m ’ec i bi EPA .

(b)  l o r  dredge d material , oi lier material con tailu ing large ’ / m r opu r l iu  IllS Ill

inso luble m atter , inate ’ria ls us / l ie/ i  /1101 iiite ’ra ( t wi t/ i  oc ean water toi form
i, icol u/ i /o ’  i / l a t te r  Or l ie u tox i c comnp oi iu ids , or m ate ria ls ut -h uh ,iiai rel e as e ’ t ( ) .\’i(

compounds lI/) Otl dt ’ffl ).$ifiofl , the A dnnn,,s ’irator . Regional A dministrator . or thit ’
Di,striu Engine’er . as the east’ may be , m a ;  require i / tat i/ u t ’ separation of liquid ,
sumspendc ’d particulate ’, and so/ic! p h ases of the pnate ’rial be ’ performed upon a
nu,vture’ of the’ waste ’ us - i t / I  ocean water rat her than on tile ’ material itsel f : i~suc h ease ’s i / i c  fidlo wing procedures s/ tall be used.
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(I I  l ’or dredged imiaterial, i/i t ’ liquid phas e is considered to he the
centri fuged a,id 0. 45 imuic r o n fi l tered .s-upernata ni rem aining after one’ biour
mnidi.s tur bed se tt ling ( >1 i / i t ’  mixture’  result ing from a vigorous .?0—m i,m ute ’ agitat ion
of out’ part bottom sediment from,u i/ i c’ dredging cite us / i / i  four parts - ut-a ier
( i ’o l/ m ol ) collected fro m i / ic  dredging site or front i/ i t ’  disposal s i tu , as
appropriate for 1/it ’ 1.5. / nt ’ of dredging operation , Tue  suspt ’ude’d part icu late i l /m u s e
is i / i c ’  supe ’rnatan t as obtained abou-e prior to ec ’ntri f iugati on and fi ltration. The
solid f) /i asc ’ is considered to be all mnateria l settling to i/u ’ botio,ii mt - i t / l i p ? one
h our. Se ’t tli ,mg s/ m all be conducted by proeedure.c approved by EPA amid t he
(‘orps of Engineers,

(2) For <, thie r materials , t ime proportion of oc ean ts-ater 1150 (1 ‘Jmall
be’ i / ic  minimum ammi ou, ?i iue ’cessar v to produ ce 1/ ic anticipated effect (c c. -

co mplete ’ ne ’utrali:ation of an ac-ic! or alkal imie ut ’astc ’ ) based on guidance pr oi ’b/c ’d
( m u - EPA on particular eases , or in accordance with approved EPA pr oced ures .
For suchi ,naterial i/ i c liquid p/? ase is the filtered and cenirifuge’d supermia tau t
resulting from, ? f / i c  mixture afier 30 mni,zutes of vigorous- shaking f e d/ o u t e d  m u
undisturbed sett l ing for one h our. Thit - suspen ded particulate phase ’ is die
supernatant as ohtainc ’d aboi ’c ’ prior to centrifogation and fi l tration. 7’/me solb/
p /i asc’ is - i / i c inso luble ,naterial settling to the / n ot i on u in i / t at  period,

§ 227.13(c) Continued

Based on the results of such testim ig, dredged mater ia l  cart he consie lered
to he environ mentally acceptable t’or oceami d u m p i n g  only  under  t h e  l o h i o w i n g
condi t ions:

I ) The mater ia l  is in comp l iam ice wit l u  t u e  r equ i rements  oh
Sectiomi 227,6: and. , -

§ 227.6 Constituents prohibited as other than trace contaminants.

(a) Subjec t to 1/ ic ’ e ’vu - lnsiIIml I)! paragrap hm .s (f I . ( g ) , u i to l  (/m) oi l / i t s  s t e t i o i m .
i/ ic ’ ocean dumping, or transportation for cli i ~mt p i i ig ,  I l l ,Pklte r h i / s  oon ta i i i i l i g  the
follo wing c ’onst i tuc ’n ts as o ther  i/lam? trw - c ’ C l I P !  taminani.s uu ’I l/ not he a,n~mr~.t i ’ e’el
on oth er i / ia n an eme ’rge ’t u - u - / ! u i O 5

( 1) Organohalogen compounds.

( 2) . S le ru -un - amid mp n ’re -t ur n - omn p Ill 110/5 ,

(.~) ( ‘ao/m i umn and cadmiimm - ort ipu u ui ~ Is .

( 4)  Oil of ap i ; -  hind or in an; fonimi , ine- luoling but not l imi to ’ul to
ju ’t ro leum , oil s/udge’. oil rc,’ tm i so  t rmiuh I ttl , fmo u ’/ o il , /uo ’~ it  dj o ’so ’i o ii . lu inn i c oi t ing
‘ u i / s . h;elraul ie / l u u u / s . and an; mni v lure - s containing i / u - u - . transporte d for i / ic ’
pUrpose 0/ dumping i mIs ‘I~ir as i / le s t  - art ’ mi ot reg ulate d umider t il e ’ i ’It ’P( I.

I S )  A PlO ti ll I aru 1011gm - m i s , mu fa~’ II s , or te ’ra t l~ 11.5 u r mate rials
511 s/Ieu ted  to be rant ml ‘c’’ -m m - omu (a~t ’n s , or t eratu I C u n s  i ’u re 5/ l u  nu.sihle ’ So I( ‘P i l l  f i t
op uminum .
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(I;) l / i u s e  e O ! l 5 t i t i i c ’l l i s  st ill in ’ o on.sicle ’ne ’ c/ to be’ pre s e n t  a.s trac t’
c -ontaniina, its op i! ;  us - / I c -/ i  i / i c ’ l  arc ’ / ) re ’se ’nt iii mum at e ’n ia/s ot/ ic ’r u t ’is c ’  a c e u ’p tab / c ’ for
oce an clummiping in s/ Ic / i  forms and amounts in liquid , .sii .sp e’nde’d / ) a r t ic - I i / a t c ’ ,
d u e l  so u / /e l  / ) / I a .Ve ’.s that t u e  d i iml i / ) i ml g of i/ ic ’  mna ie ’rial.c s t ill ,tot cause signi f icant
u , m , / e ’sira / ml ( ’ c - f l e e - is , inc- / t n/ b ig i / i t ’  po.s.si b i l i t u -  of danger ac.s-ociate ’d n i t / i  i / ie ’i r
hIll 10! -( ‘ Up/I ulaiion i/ I  tmianine orgamii.s ’Pns

( c )  Tu e poic -nt ial for signi ficant undc ’s-irablc ’ o f  J e ’c t.s thu to tiie ’ p r esomio r
of f /u se u o l l c i l i l i e ’ F i t . 5 s/ia!! he de termined by application of re s u l t s  of / ‘usissals

on lh/ uieI , 50 
~ 

Iene/ t ’d part iculate , am i d so lid 1)/ l ast ’s of tt’a.sie.s ac - e o r d/ im m g to)
proc e dures au. - c - c -p ta h/e ’ to I.!’ . I, ami d for dredge d m ate -n ei l , ac c eptab le to EP~-lamid t hit ( ‘( mr / ms I )/ l~,mg ine ’ c ’r .s ,% late ’nial s/i a !! he dc’t ’~ ied c ’nm ’i ro nnle ’ml ta / /m ac- c -eptab /e -
for oc ean c/u /P iping u) m i / ; -  St -/ i t ’ l l  i / i c ’ fol lo tsins ’  c’ondi tio, i.s are mp iei:

( I)  i / i c  liqui d phase ’ dot ’s not co ntain ap i _v of the se o o m i s t j t u u m I t s  in
conc-e,mtrat ions ui / l i t / i  ut-ill e x c e ed applicable m arine seater qua/ i t t ’  c r iic ’ria 1it te r
al/o tt ‘anc ’c ’ for initia l P/ l i v ing ;  pro i idc ’d i / ia .’ lnt ’rc urs c ’onc entrationl .s ~!i 1/ j o
disposa l site ’ , after al/out ing ( our initia l mixing, m a y  exc eed i / i t ’ averag e nor m al
a,nb,c ’nt c-oncc ’ntrati ons o,f ,n e ’r c - ur u in oc ean ut- aier s at on nc’ar i/ ic ’  tlmunipu ig
sites whit /u ut ould he p resen t  in i/ ic ’  ahsc ’no - o - of clu mmiping. hi not more thami
50 pc ’r c’ t ’n t; a/ ic!

(2)  Thoa.ssa u res ul t s on the suspended partic ulate ’ phase of i / i c ’ t ee / s te
do umol  in d i e- ealu ’ ut u urranLe ’ u~ s ign i f ic - ami t  mortahtt or s iC/IOU ant aeh i ’er se -
stub /c t/ ia !  c ’ f f o -c !s including hioac cumulation c/nc ’ to i / i c dumping of u-as ( u s
co ntaining tiit ’ c - o mis t i i l l e ’n  ts listed in paragraph (a) of ti t is sec tion . These-
bioassau.s .s / ial l  bc ’ conduc ted with appropriate- .re ’ns- i t i m ’c ’ ,i m animlc ’ orga/i i .s Pns ( i s
dc/ in t o’ in .S’c ’c ’i io,i 227,2 7(c ) using / ) noc ’edures for s- uspencle ’d par tic - ulato ’ f l/ last ’
/ ‘u las .sa m ’ s approi -c ’d hi -  EP-l , or , for dre ’dge ’d maic ’nia l, approved hi ’ LP,-l amid
i/ i c ’  ( ~ nps of Engimit ’t ’r.s . Proc - e’durt ’ .s a,)proi ’ed for hiua.s .sau .s under i/d.c so ’c - t ioml
swill requirc ’ exposure ’ of organism/i s for a stuff icient period o,f t i / l ie ’  a P i d/ tuult’n
appropriate c’ouic/ i t ion s to pro vide re’asonable assurance ’ , hase’c l on considera tion
of i/it’ s tai isti t ’al sig n ificanc e of effects at 1/it ’ 95 percent e ’onfid t ’nct ’ le vel , that ,
wiiemi i / i t ’  mnatc ’rial,s- are thummiped . no signi ficant undesirable e f f e c ts ut ’i ll oc c ur
c/tie ’ c ’it/ i t ’r to c hronic- toxicity or to bioac ’c ’umu latiom i of i/ic ’ c onst i tuents lis ted
i/ i  paragraph (a) of this ,sc ’c ’t ion : amid

(3) !iioassau- rc ’sul ts ’ on i/ i c ’  solid f)/i a.s-c ’ of til e ’ ut ’as tev c/ c)  not in c/i caiu
I 1, / ru n, u oi /  sigml i f ic am it m o n a/ u i ’ or signif ic -a/t i  ac / ve rs e ’ sub let/ ia ! c / f ee - is  u lmw

to’ i / i t ’ c lunipimig of tt ’astt ’ ,s comi taining i / ic  c- om is tituen t, s li ,s tc ’c/ in panagrap/i (a)
II] t/i i .s se-c t i om i . T/ie s- c ’ bioa.ssa vs shiall he e - o p m c/ uc - ie ’e/ ut - u /i su ’ns it im ’ c’ he ’n i / i ie
IIrgu ilmi . slums using bend mi c ’ bioassay proc ’c ’durc ’s appros ’ e’d hi - E1’,i . or . for cl r e -~1ge ’ol
mnateri a l. approu ’ec / by EPA amid i/ ic ’  (‘orp s’ of Lnginc ’ers l’rocec lune ’.s appr ul i ’ e ’Il
for bioass au.s unc /c ’r i/ u .s s ’ec ’ti omt s ti ll rc ’quure c ’xpo sture ’ of organismn,s Ii Ir a
s i i f  f iu it ’#i t /) c ’ni odl of ti/ne ’ to provid e ’ re’asonab le assurance , bast e! 1) 11
c on siderations of statistica l significanc e of c ’ff ~’e Is at i/ ic ’  95 /) e’ r t ’e ’lu t  c on !  i c/ t ’nc ’t ’
le ’i ’c ’l , i /tat , which i/ i c ’ mate ’rial.s ’ arc ’ c / utnpec/ , ito sig, ‘if it ’ant umt clc ’s irab le ’ o f f c o t s
us ’i /I oc c ur clue ’ m ’i tht ’r to e ’hro mi ic ’ to S ’ie ’i t v or to bioaccumnulaiio, ,i  I If i /ut ’
u - I l / I s  i i t i i e ’/ i i . t  li, ste ’c/ iii paragrap/l (a) of i/ u .s section, amid

( 4) Ion p e ’r s ist c ’mm t organo/ ialogens ncut i iu ’luc le ’e l tim time aj mp l i t -ahlt ’
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/ nanim ie uwater c/ i / a / i t ; ’  c ’r it c ’ria . bioassa y rc ’su/i.s on i/ Ic ’ li quid 1,/la_ sc ’ of i/ i c ’  us - as t o ’
shIl lS t h at SIlc ’ / i  c ’ompot lnc/s arc ’ not pnc’ ,se / i t  in cop i cc ’ntr ai i ons large ’ c / b ug/i io
t a / i c c  s igni f icant mu, ic/c ’si rahlc ’ c ’Jfc ’c t.s c/ u t’ e ’it he ’r to c -/ I ronic -  I ’, v ie - i l ; ’  or to,
h i ( I ac ,u ,nuula tu,n  in um uari/ ic ’  organis-mn.s afi c’r allou ’amu-t ’ f , n  in i t ia l  mnix ,o c.

(c / I  it ’hc ’mi i / u t ’ ,—lc/m p t inis -irator , Reg iomual j l ch miini .straior (IT !) i .s lni c- t I- ng i meu - u -m- ,
a,5 i / i c ’ cast ’ 1/l ay bc , h as rc ’asona b/e ’ ( ‘al l_ sc ’ to hc ’lic ’i ’ e i / i c/ i 0 mnate ’nial propose d
f u n  oc e an d/ um npi/ i g c ’om m i a imi s c-omnpoumid. s icIc ’miti fi c ’d as c -a r (- i h! ( ’gcP/s , / mi u ( t ag P/s .
or te ’ra iogc ’/ i s for st ’/ l i c / t  c r i teria /i au ’ c’ not hc ’c ’mi includc ’cl imi I / Ic ’ ap~’lic ’cih / t ’ /Pmcl r i m lc ’
ut ’atc ’r qual i ty c r i t e ria , in’ imlelS nc ’quure s~m e ’ uw l s tile/ic ’s to / mt ’ clo,, tc ’ prior to i , 5 0 0 / u e’
of a pc ’rlmi it to e/ t ’t c ’r/ / z in e ’ i / ic ’ inupa(’t of disp o sal 0,1 1 / l umn dul  hc ’al th c/ l i e ! ion  ‘l i a r / m i t ’
c ’ ( o s I s t e mfls . Suc ’/ , siu c/i t ’ s m p i i l , si ~mroi ’idc ’ imifom m aim / I  co m l i/ m ar a hit ’ to i / w i  rc’ cj ui reel
unc lc ’r pan agna/ l/I (ci (3) of i/ u .s sect ion .

(e) Thue c ’ritc ’nia s iate ’c/ in paragrdsp / i , s (c)  (2) am id ( 1)  of 1/ u s  s e e . ’  j o / mi  ut -ill
be t-unit ’ mnami d atorv as- soomu a,s anmiou nc e ’mnep i t  of i/be ’ ai ’a i la b i/ i tu -  of ac’ c ’ e ’p tah/u -
procc ’c/u r c ’s is mm i ac le i / i  i / i c ’ I”EI.) ERA L REGISTER - l i  that timnc ’ f / I c ’ i nu ’nj mmi
c-ritc ’nia c-omitain t ’ d in tlii.s Section 227,6(e) shall mi a longer hc, a~’~m / ic a hlu ’.

Nol i The remainde r  of t h i s  paragraph has been de le t e d  since h u e  i m i t e r i m u
cr i ter ia  are superseded by the imp i em i i en ta t ion  M a n u a l .

(/) T/ic- pro/u hit ions and l imniiations of this sec tiomi d o  ml ot  app!v ti i / ic ’
e- ons’ t i t i ie ’n is icle ’ntif ’ic ’d in /) aragra/) i l  (a) o~f

’ i ii is s t ’c ’tj ofr i  mt / i t ’, , 1/i t ’ di / ) p / i c ’dimli tam!
dcmonstra i c’ i / l o t  s ue/ i  const i tuents  arc’ ( 1) pr e ’s ’c ’nt im i i / i c ’ materia l on/u ’  as
c ’/ i emn ic ’a / e ’omf ou/uc / s or fbr,ns (c - .g, , inc ’rt imi s o luhlt ’ solid ,natc ’ri d ,/s ) mio mi ~io vic
to /m wrin e ’ li fe ’ Ou t! mio, i—hioac -c ’u,nu/a i i i ’ c’ imu I / i t ’  /n arinc ’ c ’m ui ’ in om u m ne ’m l t i / po l l  dispo os a l
amid ! i / i e ’re ’afic ’r , or (2) pr c ’s c ’mu t in i/ i c ’  matt ’nial olm i lu as c ’/ ic ’m ni e -al ( - om mipo ,l um lcls or
f o r / / i s- ut / t i c / i , at i / ic ’ t i / / i c ’  of ’ dummiping amid therc ’aftt ’n . mt ’ill be ’ rc upi e/l ,u ’ re nd ered
l ion — to xic - to mmiar inc ’ lift ’ amid mi on—/ Ooac ’c’u,nul ati u ’c ’ in i/ic ’ mmia ri , i e e ’nr ir e ,mI ,p it ’n t
by c’/ i c ’m nic ’a l or biologica l c/c ’grad!ation in i/ m u ’ sea ,  p ro i ’ ic/c ’ c/ i / l c ’ m’ st ill m m ot mn ahe’
c’di/ lc’ marimi e ’ orgam ii,s-/ns u npalatable ’: or ui-ill mio t c ’nclangc ’r / i u m nam i / i c ’a l i/ i  or
i/t at of c!ommues ’ti c animmials . f is h , shellf ish , or wi/c / l i f t ’,

(.c) T/ie pr ohih itiom ms and liniitations ’ of I/ u .s s e c t i o n  d o  1101 app!u to I/ i c ’
c ’on.si i tu le n t.s ie/c ’ml t i f ’iec/ in paragm’a, ’/ i (a) (If t / t i ,s  sec -l ion for i / i c ’ gre/ muting o f
rc sc ’arc/l fmc ’rniii .s ’ if i/Ic ’ substances are ’ rapid / u ’  ne ’nclc ’rc ’d /t ar m m l/ c ’s .s ho ph y s i ca l ,
c - / u e ’/ n ic ’a l or biological pnocc’s,s ’t ’s in i/ic ’ sea: prom ’idecl i / ic ’; ’  us’ i// /1 01 im ia he ’ c’c/ib le ’
/ miar imi c ’ orgam ii ,slP us Uhi/) a laicihlt ’ and um ’i / l Itot e ’mlc/anger liumnan / ue ’a/ th or that of
c/o p mu t ’ stic am i imp uc ul s ,

§ 227 , l 3 ( c i  Continued

,( 2 )( i ) All major com ist i tuen ts of the  i i q u k h  phase are u i  c ompl i ance
with t u e app l i cah le  m a r i n e  water  q u a l i t y  c r i t e r i a  a f t e r  a l l owam ice  t o r  i i m i h i a h
m m i i x i m m g :  or,

§ 227.31 Applicable marine water quality criteria.

App /ic -able / m i ar un e ’ sta l e r c~uci l i t i -  c r i te ria / nc ’cuu ,s h ue ’ c ’ritc ’ric i ,u,’i m ’ u ’n for incir ine
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%t’ e_ i t c ’ rs in i / i t ’  I- l ’ -t p ui lm l i e - ei tion “Quality ( ‘ r i lc ’nua for h ate r ‘‘ a.s p u i ml i s im e l in
!~) ‘ (o am id a,nt ’nelt ’e! / 0 1  s e i lm .s e quie mi t  .sup~’le ’mm i c ’ uut ,s ‘or ad, l i t io  um s .

§ 227.29 Initial mix ing.

(a) Initial m miz , v i n is c/e J imic ’ 11 to l,t’ i / j e l l  dispersio n, our e l i f f us iu m of  he 1mi ic l ,
su cpen eh-d paniue -u latt - , one ! soli d p /l Ose ’s of a u a s i t ’ mt - / l id -/u o I u - e - / ( r s  t t i th i , m 10011/
/ iu ) ur , s c/ f te ’n / u/ mu f ’ i mm ,C, i ’but ’ linuiting per tni.s,sih lc ’ e- o lu c ’c ’mm tr at io , I s/ i a/ I  Plot i c
c ’ v c c e e Iu c/ ime ’s - on c i t / i t ~ bo uimic / anies (If i/ic ’ c !is~mo sa l situ elurimig i~i i i i a l  mmmi vi m ig,  a/ ic l
c / i a!! mto,’ he e s c  c e d e , !  at c imuu - p 01/ut imu tile ’ / /uan im l c  enu ’ino h u m c ’m l i  el f tc ’n imi i i ia l
Plu vi / i g ,  The’ /mi a .s -, mm i u, mi c ’onc ’ e’m it n a tio /u of I / ic ’ l icj iuie/ , su.spc ’mu c lc ’ cl par th -ucl a te , d u d
su ite! f l / l o s e s  u I f  a c/ umpc ’ c/ /mi at c ’ri aI aftc’r immit i al / nnvi mig Slid/l i be ’ ec u / / l a te ’,! / 11

I / / c ’ o o f  th e se / ? i u ’ i / l o ) ~/ s . 1/i orclc’r of p referenc e

( / I W/ icmi fic ’le! c/ala on the ’ propose d dumnpimug are - ac h ’cj iu aie ’ 1’’ f o r e  I i ,  I
init ial dispe rs i o n a/ Id  c l i f fu is ion of the st ’as tc ’ , i/ i c ’se - sh all be’ used , if ’ / 1 c m e s  sar t
i / u c ’ o / i J l Ih i t ’t i o l i  ui - i t/ i  an af) propniatc ’ P/lu t/ic’nuatic-a l /node’l a ce - c -fl tu l,lt ’ I ’,  Li ’ I it
i / i t ’ I) isi ri c t Ei igi mto ’c ’r , d . c appropriate ’ ,

(2)  IV/it ’pi f ie ld d ata on 1/ bc ’ e/ i spension a/ i c !  dllff ’usiom i 0 ) /  a lI e/d id ’ (If
(/ i ara c 1c r / s t / u  s si/ill/an to I/ lot propose d for c!isc/bargc’ art’ am ’ailalmle , 1/ lo se ’ s /, all
/mc u,st ’d ipi d ’onj/unc ’ tio/l uvit/i an appnopriatc ’ mn at/i e’mmt afic ’al ,noclc ’l arc u ’/ ’ l c l / ’ / o ’ t o o
L / ‘ - l or the ’ I)estr ic i L ngine - o ’r , as apprOpriat e - .

( o ’) h/ i t - mi no fi t -Ic! data arc - am’ai/al,lc’, t/lt’orc’iic’al oec ’a/lic t l i rhule ’muf
/ 11 f / c s / u / i  re - la i io m es /u p s ma,;- be applic ’e/ to knots ’n e hiaractc ’ri,stic -c o o f  1/u t ’ m e a s t e
i / I d  I/ i t  ehs ~m ’ i .sal site,

(h )  R ’ / mc ’~i no (, th ic ’r hll c ’amls of e - s i i /P ua i ie ,mi  arc ’ fe ’as ih/ t ’ ,

( I )  The ’ l iquid a/ i c !  su.spemidt ’c! par ii c ’ulatc ’ p/ ia s c ’.s of i / i c ’ d/ u m m m f) c ’ d! I e i s t e
im e a , he as.su/n e ’d! t o o  /m e ’ c ’u ’ e ’n / t ’  cli .s t r ib i i i c ’d af to -n four h o u rs o ’m’c ’r  a m - o / lu m n m i  ‘ o f
u te / t t ’r  /m oumid eel omu the’ sur fac e ’ lu ti lt ’  release ’ Z o u l i c  a/ id e ’v t t ’mi d ing to tilt ’ l l e c ’a/m
fl oo r . t/ue ’nmn o c ’l im ,e ’ , on / i a luc/i ,m e ’ if o /e u - e x i s t s , or to a etc/I t/i ‘‘I 2 () mn e ’ te - r s .
tv / t ic / i  c - I c r ~.5 s/iallomm ’ c’r , c/ l i e !

(2)  The solid p /ia s e ’ u o f  a d umped uea.stc ’ mat’ ht’ a s s m c , m / c d  to s e t t lo ’
rapid /s  to tile ’ oc ’ t’an h u) i lom and to be c!i.stri/nitc’c! c’u’t’n!u 01c r I /me ’ oc ’ o ’aml hot lo,m
in an area t’c~ual to i/nit u,f iiic’ re’lc’a.st’ zomic’ a,s e/e’finc’c! i l l  .Sc ’ct,omu 227 . 2-~. - -

§ 227.28 Re/ease zone.

77u’ r e/ case -  :0 / ic ’ is i / i t ’  are ’dl cst ’ t’p t ( l u l l  Im ; I / ic ’ lt,c ’u,s of p oimits ‘ i i - ’ t , i i i t hm’
/ ( i t )  / / l e ic rs iron, i / i t ’  f ’t ’r inic ’te ’r of I/ i c ’ c ’o nm ’ c’ vamic ’c ’ c ’/ I ,~ei Co d ’ in elui mn~mim ig c/ u t im ’i l i c ’ s ,
he ’gimuuing at t/ ue ’ f i rs t /n omnc ’mit iii st / u t / i  e/t i mp mpimug u.s sc- iu t ’cl uulc ’el to o c c u r ai im!
t ’mu c !ing at ibt c ’ last mm i omne ’mui in i s - / t ic - / i  clummuping is sc ’/uc ’m / ule ’c/ tu ,  oc c ur o ’  ru ’l c a sc ’
zone s/ ual( e v e o ’c’ e l time tc,( a/ cur iae - c ’ area of I /ic ’  c lu im / m s i te ’ .

~ 227.29 Gontinued

, , (
~ ) R ’/u e ’mi 1/ t t ’re ’ is rt’asomiablt’ s ( ic ’/m l i f m u - c ’e ’me / e ’nc u to dt ’mp i umn ,s t ne i te ’ i / l o t  01/i c r



umie i / iu , d.s of o ’ s t i / / l a t i I l i ,’ a m’e - cj .s omi ab/ c ’ aIIo Icc / I ,  -e Jo or initial m l uv i / l g  i re / l / Ip r op nia lc ’
f ’ 1/ 1 s / Ic c / / i c  /Pl~ ic ’niab . sue~i~ m/i t ’ t /iOc !,s’ p / ta t -  bc / 1 5 c c1 ut-il/i I/ic ’ ~o n~o ii 1-re - / I c c - 0 )

11’ I of ( e r  c lp f m rei j ) r i c l te ’ sc iel i t i f  It nt _ u _ h _ is .

§ 22 7 , 13 ( c )  Continued

- , I i i  I When t ime h i e i ui eh pi ua se c o o n h a i m i s  m ua jor  c’on st i t c i e m l t s  l I l t
inc lude d in the  appl i c a b le  t im ar i ne  water  cr i ter ia , or t ime R ’ is rea son t o  o lus l os ’c l

~v ncr gis ti c ci  t e c t s  o o t r e m l a in  cc/ n  himnin aim t s , h uua s ’,avs on the l iqu id  phase of
t he si redge ’cl mu o le  ru , u l  shu ow t h at ii can he o h m sc har g ed s~o as m iot 10 es ceech the
i u n i m t m m n i  l ) e rn u i s s ih i e  co n c e n t r a t i o n  as defined in p a m a g ra phu  l a b  cut
Sc, 11 ,1 / /  227 .~~7 and , , -

§ 227,27 Limiting permissible concentration (L PC) ,

(ci) The’ f ,mm ui im ~,’ pt ’rmmu. ss ib le ’ c ’ o , m / c u - I l l r a t i 0 0 1 /  o l  i / u-  liquid pha se ’ ‘1 a
,naltn ic i l  is

( 1) i/ i a .’ m o o / / e u  I / I / a l / o n e  o o f  U c o / i . s t i i l l e ’ / i i  ut -/ l i d -/ i , 1 11 0 / c l / b O o c / I / I d I
in i t ia l  ~m uism n ,~’ i~ j ’ r o u u ’ i c l c ’cI in “cc I i o o l o  22~ . 2V , 0 1 0 ) 0 - _s /10 ,1 c 5 d c c l  a/ i / ) l i e a/ i l e ’  ‘ o l a r o o j o
it /Ic r c~ualuts’ c r i t e r i a .  o r , 0 / / I ’l l 1/eu -r e arc ’ /10) li/ / f O l i cab le -  mime/TI / i t ’  Welter ci tiali n
ri t  rio .

( 2)  T’hat m o o / o e - e , / t r a l i e u u  o o j  o s o s h  or dredge ’ !  oh m / l e n / I  1 m m 1/m d ’ rc ’c m,’ l u I , l o ,’
stat en Os // lu ii , of tc ’r u/ !out ’ami ( c fo r  imut ic / /  mi V / / l i ,’ , a.s sp u ’ , e f e , - o l  i n S c e i b o i i  22 “ 211,

st il l p lo t e v e  eod a to,,v ic ’i i u ’ t/ l r t ’s / :e,lL ! d/c’f i / I t ’d a.s 0. 01 o~f U d ’o,/ /e c /i tre ll io l/m 5 / 10  155 / I
to) l u  at ’uitt / m i o u / c  to i  c/p pr o ) f ’r i dl tt ’ Sc ’// si t! ic’ mariiie’ ‘ op Call  / 5 0 0 / 5  1/1 ci lmio o , i s s , i i

a r r e c l i out imi ac’e ’e,relamic e wit/i approm’t’c! EP,’l pnoc’t’e/uno ’s.

(3)  14°/ i t -n tbI c’re- i,s rt ’a.somici / ,lc ’ se ic ’ / / f l / i e  c ’m ’i dc ’nc - c - 0 / I  dl s/ h e i f / I  / l ’as It ’

mnateri a l to just i f y i/ i c ’ /1, 50 ’ of aim appl icat ion jae ior ( I t / i c r  I / ia / I  0,0! c/ s s/ l e o  o / i o ’ ,I
in porugrelp/i (ai ( ’ 2) of i / / es  s- u -c ti olu . sue /i  al i e ’nm l au i i ’ c’ clpp/ ic a i i o /m  fe/c  toT s / j e t / i  / ‘c
/ I s c d  in e a l cu l a t im i g  t i le ’ !,I’(l

(h)  l i / u  Ii iuti IC / m t ’ f l / l i , s s i / l / c ’  c ’ O , / l d ’ c ’ / i t r d l t i o ml oil the ’ SiI,spe ’/!ol d’eI f l / / i / o  / I Ie ! I e
el/i c! s ’ , / i o /  1) / l o l l ’ s of a mna fc ’ri a/ mIm e / i / s  t/ l a i  c ‘Oiu c’ c ’ i / I r a t i o / I  u t - / l i e -il st ill /101 1 , 1 / / s e ’
u/mn c’asouml aillc- is i i ,  uu r  c Im r o,u i o - ( u , , V I c i t t ’  or e l I / i c ? ’  sui /mlc ’I h ej l  aeim’ e r se  e ’ / l e e I s  h o i s t !
0 / m t  i ° / 0 o o 1 S  s o 1 5 ’  re - s / i l l s  ic

~’’/c a,llmrop riaic ’ seI / sui/I’ c i/Id/TI/I c 0 o rç ’o i l l / s l o /  5 i/i I /I c ( c / s d
‘ o f  I/m u s / i s / l u  ‘ I i  c/c c! / l e / r u’ i e / 1 / /  I~ 

- / 0 / d o !  S o , on oqIpr o q orici to ’ se /I s/I iu’ t’ ho e ’p m i/I ic - / P le iT i l / c  -

o or u,’c lle/s ,p es lii the d o / s I  ‘ o f  I/be’ solid f l / / a s , ’ . o,r ms/li e /m wull m l o i  t o / / I s o ’ c u e  / I / / l / I I c / t i l ) / i
o f to, vu u/ ia tc nuals in I/it ’ h ~ //i~ /l / 0 0111 c/ i ai, i . i ’li c ’s e - bm io I l l s  So) u s  dirt ’ te d  / ut m o I l  b //I c i  I ’ d!
i / I  0)  u ‘ rmIu/mmc I - u t I t / i  / 0 ~~o 0 1 e clu res c/ p/ In t l  m c c l  iou LI’ , 1 , or , in the ’ c - i s o  - o o l elr c’el,yc ’el
PmiiJ t e ’ri e i / , o l / I ,’) r I  0 1 ( 0 /  /my  / 1 ’  1 o i l / e l  I / i c ’ ( 1/ 7) 5  o, f 1 /bu ,’ lmem ,’r s ,

\oo  i u m splc in cm u tat i uu um m m u ~i m , uiai us be mm ,~’ develope d ~lI m ut l y by h P -\ an d tim e ( o ’ o  ‘s o l
m I c Z u m / 1 ’ (’ m s , an d a m nuelmlmmcc ’ r l l cm/ t  u t  tIme cus ,uu l ,u Io u l i /s  ‘‘I the m mu am m ual will he p u lol m slme d imm

ti me Fl 1)1- R ‘ti RI I IS l’i-R . t ‘ m i m m i  thus Tua r u m i at  is , s a u l a t i l c ’ , i rmie r i mm i  gu i d a n c e  cmii time
approq’ri,cc ’ pr ocedure ’, cdii he obtained t r ,u mmm t h e M ,umm im e l’r uuieci j umn lh r au m ciu . WI h-~4S,
I nv ir ( mm m m u c i m tat I’toutec tisu m ; \~~ m i~ s- - I \t Sum c’’, t SVs , Wcuslmi m og to o mm , I)(’ ~ll4 i~/l - us; the
( orps of I’ m u g lmuo ,’e’rs , ,u~ the i,~u’,c iuma ~ he.



(c -) “.‘l ppno~mni c iI c ’ scu us it i i ’ c’ miiarin t ’ ( I rgamu s/ns ‘ ‘  mnc ’an.s at bc’a,st (I/i c’ s / l c ’ c ’ i c ’s
cat /i rc ’ / mr c ’.st ’m l t ah i u ’ c - o, f f l / i l t o) / I l d l / i /1 ’ to / l  on 2( 1( 1/ I / a/uk  to / i , t-rusi ac-c ’an or /110 //u .s -k,
ci miel J ls / i  ,s/ ) e ’e ’it ’.c (-/10 cc / i  fr omp i ammiong I / ic ’  / / i o . s i sc ’n.s - iti u’ c spc ’c-ic ’ ,s ebue u immie ’n lc ’c/
i u m I /me ’ ,cc - i c ’mi t i f :c - l i ic ’ratur o ’ 0/’ dld ’cc ’p It ’d l o u’  EPA as hieing re ’/ i a/ i le tc ’s t ( I r ga / i i s m/ i . s
to o le ’lt ’rni im ie i / i c ’  a / i t i c ipait ’e! i / / l i l a c -I of t ile ’ ut-a,stc ’,s on i/ut ’ e ’c’o ,s ’ s .stc ’,n at h u e
d isp o sal sit e ’, Bioa.ssa u s . t’ vc- e ’p t 0/i p/l u tol p i a mmk t om i or zoopi amik to/ i . s / i a / I  hit ’ ru/mu
fon a m/ i im l i / mu ui u  of ch’m / uo un.c und er tc ’mn / ) c ratu lrc ’ , sauim l i t y , omi t! dis.s- o/u ’e ’ e / o )s ,’ uge ’ /u
c ’omuc li t i om us’ rt ’prese/ t ting the c ’xtre mnc~c of cmi m ’irom u tmit ’nta/ s i re s.c at tin’ disposal
silt ’, Jiu oa.ssa us on p/ is ’toJ) lanktnn or Zoo / ) / a m ik l o/ i  /? iat ’  / m e r u/ i  f i n  shor te ’r  pc ’riod!s’
of t i/Pl c ’  015’ app ropriatt ’ for I/it ’ orgam mi,sm n.s ic ’s tc ’cl at i/ i c  dis’c ’rc ’I lo’Imi 0)] EPA , om’
E/’ -l amid tilt’ (‘orp.s of ’ Engim ic ’c ’m ’ s’ , as- i / i c ’  cast’ mm~au ’ hc’,

(~1) “-lppropria ie st’nsitii’e bc- nt/dc’ mmlarine’ organic/mis- ’’ mnc ’aml.s at /e’as’( one’
s/ ) e ’t’l t ’c eat / i repre sent/mug f ’i ltc ’r— t c’c’ c l imig , c !eposi i—f ’c ’e ’c !imug. a/ Id  bulrrott’i/lu, ’ V/ Cc /c ’s
c ’ / iosc ’n f ro, ,/ i  U/ / t o / / u ,’ i / i c’ t/ iO St  .se ’n.s it im ’e ’ s / ) e ’Ht ’ ,s act ’c’p tt ’d b; EP.-I a.s hc ’immg rc ’ ha/,le ’
tc ’st organmsmn .c 1(1 tic ’ i t ’rmn im ue I/i c ’ a/ l i ic ’iJ) ai t ’ d i/ f l f) ac t on f/be ’ si lt ’: pm - e um’ iclc ’el.
iio Stu , ’ i e ’r , I / lo t l i / i  til ,su,fj ’ic ’ic ’n I ,s pe ’e -ic ’s are’ adt ’qutale ’Im Ic’ ,s it ’d ! cl/ Ic !  d lo ( ’u/ / l t ’/ I  Icc! .
ii i i ~ ~imn guielant ’t ’ on appropriau’ e ’ orga/u isnm. s ’ au ’ailablc ’ for /1 , sc ’ st ill hoe ’ pnou ’b!e ’cl
hm - tlu. 1,o J,m uimmistr ato r, Rc’gionai A cL ’ni mii s im’ ator , (IT tile’ Distric t Lmiginc’ o’r, as f/ i c
ease mn au he’,

§ Section 227 .1 3 ( c )  Concluded

.(3 ) Bioassays on the suspended pa r t i cu l a t e  and soiid phase s show
tha t  it  can be discharged so as miot to exceed the l i m i u i t i n g  permissible
concem it ra t ion  as che t i m i ed in paragraph (h)  of S e e t i o m i  22~~27 ,

( d )  For the pur poses of paragraph (c)( 2 1. major c o n s t i t u e n t s  to he
an aly ied in t ime  l i qu id  phase are those deemiied cr i t ica l  h~ t u e  l ) i s t r ic t i -n g i n e e r .
after evaluating and considering am iy comilments received from ti/e Regional
Admin i s t r a to r , and considering knowm i sources of discharges in the area,

Mt



A I ° 1 ° I - : N D I X  B:  DREDGED ~‘b\ TE RIAL SANPI.L COLLECTION AN I) P R E P A R A T I o N

ln t roduc t  ion

1 . The collec t on and prepara tion of disposal sit e- wat er and

dred ged mate r ia l  samp les f o r  t e s t i ng  is one of the more important

phases  of e v a l u a t i n g  the  impact  of dred ged m a t e r i a l  d i s cha rge  upon

the  a q u a t i c  e n v i r o n m e n t .  Samples t ha t  are i m p r o p e r ly  co l l ec t ed , pre—

served , or prepared w ill totally invalidate any testing conducted and

w i l l  lead to erroneous conclusions regarding the potential impact of

the proposed discharge . Meticulous attention must there-fore be given

to all phases of water and sediment sampling , storage , and preparation.

The procedures desc r ibed  her ein s p e c i f y the  appa ra tu s  and p rocedures  to

use fo r  samp l i n g  w a t e r  and dredged m a t e r i a l  and p r epa r ing  the w a t e r  and

dr ed ged mate rial for chemical analyses and b ioassay procedures.

Samp le Collection and Preservation

2 . C o l l e c t i o n  and p rese rva t ion  of dredged m a t e r i a l  and w a t e r

samp les o m r c  d iscussed in th i s  sec t ion .  The p rocedures  are des igned  to

minimize sample contamination and alteration of t he  p h y s i c a l  or chemi—

cal p r o p e r t i e s  of the  samples due to f r e e z i n g , a i r  o x i d a t i o n , or dry ing .

Number  of samp les

3. The number of sediment and wa te r  samples to be t aken  f rom the

d r e d g i n g  or e x c a v a t i o n  s i t e  f o r  p rocess ing  must  be c a r e f u ll y conside red

becaus - of t he  ex t r eme ly  he te rogeneous  n a t u r e  of samp les 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  b etween  dredged m a t e r i a l  samples taken

at a dredging site ’ has been shown to be the vertical and horizontal

d i s t r i b u t i o n  of t h e  samp les. ’ With this in mind , sediment should be

collected from a minimum of three sampling stations within the dredging

area. The sampling stat ions should be located throughout the area to

be dred ged 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 a f t e r  samp l in g .

Bi
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Appa r a

u .  The fol! cowing i t ems  a r e’ r e q u i r e d  f o r  w a t e r  and d r e d g e d  mat  o- r  i—

oil  samp l ing  and s to rage ’ .

~. N o o n c e i n t a m i n a t i n g  se d i m e n t  g r ab  or core sampler  ( S m i t h —

Mc In tyre’ or Van Veen grab , K. B. corer , etc.).

b.  N o n c o n t a m i n a t i n g  w a t e r  samp ler (Van Dorn w a t e r  samp ler ,

e t c . )

c. Acid—r insed linear polye thylene bottles for water

samp le s to be anal yzed f o r  me tal s and nut r i en ts .

d. Solvent—rinsed glass bottles with Teflon—lined screw—

type  lids f o r  wa ter samples to be analyzed for pesticide materials.

e .  P l a s t i c  j a r s  or bags f o r  co l l e c t i on  ei f d red ged m a t e r i a l

samp les.

f. Ice chests for p r e s e r v a t i o n  and shi pp ing of dred ged

material and water samples .

Water samp l i n g

5. Collection of water samples should be made with appropriate

noncontaminating water—samp ling devices. Special care mus t be taken

to avoid tlm e introduction of contaminants from the sampling devices and

containers. To avoid trace metal contamination , sampling devices should

be- constructed of p lastic materials. Prior to use, the sampling devices

amid , containers should be thorough ly  c leaned w i t h  a de t e rgen t  s o l u t i o n ,

r i n s e d  wi th tap wa ter , soaked in 10—percent hydrochloric acid (HC1) 1 o ° r

4 hr , and then thoroughly rinsed with metal—free water. Water sample’s

taken for t race organic anal yses should be taken with glass or stainless

ste el devices. If p lastic devices must he used , they must be cleaned ,

aged , and c h a r a c ter i z e d  us ; to  the  m a t e r i a l  t h a t  may leach f r o m  them

into the samples. Th e -  samp l i n g  devices shou ld be thoroug hly cleaned ,

fo l l o w i n g  the procedure ’ s o u tl i ~ued in  t i m e -  “Manual  of Anal y t i c a l  Methods

f o r  t h e  Anal y s i s  of Pesticide Residues in Human and Environmental

Samp les ,”2 and t h en  r i n s e d  j u s t  b e f o r e  using witlu the same solvent to

be used in the analys i s , most pr obabl y hexane .

6. A represu’ mm~ at lye disposal site’ water samp le is obtained by
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c o l l e c t i n g  1/3 ol  t t m me s ample ’  ve u l um e  d i r e c t l y h e l o o w  t he  w a t e r  s u r f a ce ,

1/3 from mid—depth in  time water column , and 1/3 f r o m  a p p r o x i n ; e t e l v  I m

al -cov e-  the sediment surface- . l’i ue’ port ion of the samples t o  be used h r

pesticide material analyse’s must be stored in glass or aluminum con-

t a i n e r s .

7.  The samp les sh ould be s to red  inumiedia te l y at 2 to -‘i
0
C , m ue v e r

froze- n. The storage period should be as short as possibla - to minimize’

chan ges in the characteristics of the water. It is recommended that

samples be processed within two weeks of collection.

Sedimen t samp ling

8. Sediment samples should be taken with a corer or a grab

samp ler in a manner desi gned to ensure t h a t  t h e i r  c h a r a c t e r i s t i c s  ‘Ire

r e p r e s e n t a t i v e  of the proposed dredging site. Samp l ing st 5ti , 00s shou ld

include known or suspected areas of high contamination as well as m o r e-

repre sentative areas. The larger the proposed dredging site , the’ mo re-

samples will be required for adequate coverage and characterization .

The samples should be placed in airtight linear pol yethylene contaim/ers.

I f  o r g a n i c  ma te r i a l s  are of p r imary  concern , a i r t ight  glass s to rage  con-

tainers should be used. Care should be taken to ensure that the con-

tainers are completely filled by the samples and that air bubbles are’

not trapped in the containers. The samp les should be stored immediat e l y

at 2 to 4°C. The samp les must never be f r o z e n  or d r i e d .  l I m e -  s t o rag e -

period should be as short as possible to minimize changes in time charac-

teristics of the dredged material. It is recommended that the sample-s

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

L iqu id  Phase Samp le Pr e ’p ara t  ion

9. Water and liquid pluase samp les should he’ p r e pared f o r  b i o—

assays and/or chemical analysis as soon as possible after collect i on .

The liquid phase may be used f o r  e i t h e r  c h e m i c a l  a n a ly s i s  as g iven  in

Appendix C or for bioassay testing as detailed in A p p e n d i c e s  D and I .

The volume of s o l u t i o n  needed f o r  chemical analyse’s will vary depending

upon the numbe r and type of analyses to be c o n d u c t e d  ( A p p e n d i x  C ) .

Append ice s  t) and E should  be consu l ted  to  d e t e r m i ne  t h e  volumes
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r e q u i r e d  fo r  b ioassays .

~ppa rat  us

10. The following items are required.

a. Laboratory shaker capable of shaking 2—f flasks at
a p p r o x i m a t e ly 100 excurs ion  per  m m .  Box—type  or
w r i s t — a c t i o n  shake r s  di re -  a c cep t ab l e .

b. Several 1—f (or larger) gradua ted cylinders.

c. Large (15 cm) powder f unne l s .

d.  Seve ral 2— f large—mouth graduated  Erlenmeyer f l a sks .

e. Vacuum or pressure f iltration equi pmen t , including vacuum
pump or compressed a i r  source  and an appropriate filter
holder  capable of accomodat ing  4 7 — , 105— , or 155—min—diam
f i l t e r s .

1’ . Presoaked f i l t e r s  wi th  a 0 . 4 5 — ~o po re—size  d i a m e t e r .

~. Centrifuge capable of handling six 1 .0— or 0 . 5 — f  cent r i -
fuge bo ttles and operating at 3000 to 5000 rpm.

h. Plastic sample bottles , 500—ml capacity for storage of
water and liquid phase samples for metal and nutrient
a nalyses.

1. Wide—mo uth , 1—gal capacity glass jars with ‘teflon—lined
screw—type lids should be used f o r  sample containers when
samp les are to be analyzed fo r  pesticide materials. (It
may be necessary to purchase jars and Teflon sheets
separately; in which case , the Teflon lid liners may be
prepared by the laboratory personnel.)

11. Prior to use , all glassware , filtra tion equipment , and fil ters

sho uld be thoroughly  cleaned. Wash all g lassware wi th  d e t e r g e n t , r i n se

f ive t imes with tap water , place in a clean 10—percent (or stronger) HCI

acid bath for a minimum of 4 hr , rinse five times with tap water , and

then rinse five t imes with distilled or deionized water. Soak filters

for a minimum of 2 hr in a 5—M HCI ba th and then rinse 10 times with

d i s t i l l e d  w a t e r .  It is also a good practice to discard the first 50 ml

of water or liquid phase filtered. Wash all glassware to be used in

preparation and analy s i s  of pesticide residues using the eight—step pro-

cedure given in the “Manual of Analy tical Methods for the Analysis of

Pesticide Residues in Human and Environmental Samples.”
2 

Flush the

glassware just before using with the same solvent to be used in the
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pes t i c ide  ana ly ses .

~~~~~~‘ r e ar ;ition

12 . In o rder  to p r o p e r l y  p r e p a r e  l i quid  phase samp les f o r  c h e m i c a l

anal yses or for use in bioassays , the stepwise procedure given below

must be followed.

13. Step 1. Subsamp le approximatel y 1 e of s e d i m e n t  f rom the  w e l l —

mixed or i g i n a l  samp le. Mix the sediment and unfiltered disposal site

w a t e r  in a volumetric sediment—to—water ratio of 1:4 at  room t e m p e r a t u r e ’

( 2 2  + 2°C ) .  This  is be st done by the method of volumetric displacement.

One hundred ml of u n f i l t e r e d  disposal sit e  w a t e r  is p laced in to a gradu-

ated Erlenmeyer flask . The sediment subsample is then carefull y add ed

via a powde r funnel  to obtain a to ta l  volume of 300 ml .  (A 200—mi

volume of sediment will  now be in the f l a s k . )  The f l a s k  is then filled

to the 1000—ml mark w i t h  u n f i l t e r e d  disposal s i t e  w a t e r , w h i c h  produces

a s lu r ry  w i t h  a f i n a l  r a t io  of one volume sediment to four volumes water.

I f  t he  volume of l i q u i d  p hase r equ i red  f o r  b ioassay or analysis exceeds

700 to 800 ml , the i n i t i a l  volumes should be p r o p o r t i o n a t e l y  increased

(e . g . ,  mix 400 ml of sediment  and 1600 ml of disposal  site water).

Al terna tel y ,  several 1— f dredged material/disposal site water slurries

may be prepared  as o u t l i n e d  above and the f i l t ra t e ’s  combined  to p rov ide

sufficient li quid phase.

14. S tep  2.

a.  Cap the f lask  t i ght ly w i t h  a noncon tamina t ing  s topper  and

shake vi gorous ly on an au tomat ic  shaker at  about 100 o sc i l l a t i ons  per

mm for 30 m m .  A poly film—covered rubber stopper is acceptable for

minimum contamination.

b. Dur ing  the mixing s tep given in pa rag rap h l4o i , t u e  oxygen

de mand of the dredged mater ia l  may cause the dissolved oxyge n concen-

t r a t i o n  in the f l a s k  to be reduced to zero .  This change can a l t e r  the

release of chemical  contaminants from dredged material to the d i s p o s a l

s i t e  wate r and reduce the  r e p r o d u c i b i l i t y  of the l i qu id  p hase ’ t e s t s . 3

If  it is known tha t  anoxic c o n d i t i o n s  (zero dissolved oxygen)  will not

occu r at the disposal  s i te  or i f  r e p r o d u c i b i l i t y  of l i q u i d  phase anal yses
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is a potenti al pr ob l e m , t ile ’ m i x i n g  may he accompl i shed  by us ing  a corn —

press;ed u i  r m i x i n g  p r o c e d u r e ’  i n s t e a d  of  t he  m e c h a n i c a l  m i x i n g  d e s c r i b e d

in  pa ragrap h I 4 a .  To accomp l i sh  a i r  m i x i n g , a f t e r the  p r e p a r a t i o n  of

the sediment—water slurry , an air—diffuser tube is inse r ted  almost  to

th e bottom of the flask . Compressed air should be passed throug lu a

d e i o n i z e d  water t r a p  and then through t h e  diffuser tube and the  s lou rr ’,.

The f l o w  r a t e  shemuld be’ adjusted to ag i tate the mix ture vi gor ousl y f o o r

30 m m .  In addition , the flasks should be stirred manually , u L  10—m m

intervals to ensure comp lete mixing.

15. S tep  3. A f t e r  shak ing  or m i x i n g  w i t h  a i r , allow the sus-

pension to settle for 1 hr.

16. ~~~~ 4.

a .  I f  anal y s i s  of p e s t i c i d e  or pol y c hlo r i nat e d  bl p h e nv l  (PCB)

materials is desired , caref ully decan t an a p p r o p r i a t e  p o r t i o n  of t h e

supernatant aft e r the settling period. Samples to be analyzed b r  pesti—

c ide or PCB materials must be free of par ticulates but should not be

f i l tered , due to the tendency for these ma terials to adsorb on t u e

fil ter. However , particulate matter can be removed be fo re  anal ysis  by

h i gh—speed centrifugation at 10,000 times gravity using Teflon , glass ,

or aluminum centrifuge tubes.
4

b. If analyses for nonpesticide or non—PCB materials arc ’

desired or if liquid phase bioassays are to be conducted , at the end

of the settling period , caref ull y decan t the supernatant into appro-

pria te centrifuge bottles and then centrifuge . The t ime and rpm ’s

during e- en trifugation should be selected to reduce the suspended solids

concentration substantiall y and there-fore shorten the final filtration

process.  A f t e r  c e ’n t r i f u g a t i o n , vacuum or pressure filter approximately

50 ml of sample through a 0.45—o filte r and discard the filtrate.

Filter the remainder of the sample to give a clea r final solution .

17. Step 5.

a. Samples to be analyzed for pesticide or PCB materials

should i~~uediately undergo solvent extraction , as described in the

ana l y t i c a l  r e f e r ences gi ven in pa rag rap h 3 of Appe ndix C. The
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e x t  r ;l c t  may t h e n  he he ld  in c lean u n c o n t an h i n a t  i n g  c o n t a i n e rs; h or  1 0 0 - r i n d s

up to  t h r ee  or f o u r  weeks a t  — 15  to — 20 °C b e - f o r e  t h u e  ;in~u l yses  a r e  J e e r —

f o rm e d .

b. Samples for metals analysis should be p r o - s e rved

i m m e d i a t e l y after filtration by lowering the p H t o  < 2 wit h 1 l e o  5 rI

of concentrated nitric acid per litre’ .
5 Hi gh puri ty acid , either

purchased commercially or prepared by a subboiling unit , must t o o -  oo,o - d .

c. Nutrient analyses should be conduc ted  i m m e d i a t e l y .

A c i d i f i c a t i o n  w i t h  11
2

S0
4 

to p H ‘~ 2 and storage at 4°C h ,uy alLow t h e

samp le to be held fo r  ;u maximum of 26 hr f o r  ammonia n it r oge ’n , K j e l d a h ]

n i t r o g e n , and n i t r a t e-  nitrogen analyses.
5 

Storage a t  4 °C w i l l  allow

ho ld ing  of samp les to be anal yzed f o r  d i s so lved  or t h o p hosp h a t e  and t o t , u l

d issolved phosphorus for  up to 24 h r . 5 Subsamples  to  be a n a l v i e - d  for’

c y a n i d e  should be preserved w i t h  2 ml of 10 N sod ium l e , - d r e o x i d e  p e r  l i t r e
5

of samp le (p H > 1 2 ) .

d .  Li q u i d  p hase samp les to be used ~n b i o ;u s s ay s  mus t  not  he

preserved  or s t o r e d .  Bioassays should beg in  dos ; soon as t i m e ’  l i q u i d

phase is prepared .

Disposal  S i te  W a t e r  Samp le I’r ep a rat i on

18. Disposal site water samp les are p r e p a r ed by f o l l o w i n g  t he

fil tration and preservation steps discussed in paragraphs 11 , 10 , u t i d

17.

Suspended P a r t i c u l at i ’  Phase Sample P r ep a r a t i o n

19. The suspended p a r t i c u l a t e’  p hase , w h i c h  is used e x c l u s i ve l y b r

b ioassays , is prepared in a manner very similar to that for the liqui ch

phase . The steps g iven in paragraphs 11 , 13 , 14 , and 15 are followed

exactl y. The suspended particulate phase is the liquid and tha t m a t e r i -

al r e m a i n i n g  in suspens ion  a f t e r  the 1— h r s e t t l i n g  p e r i o d  ( i n  other word— ,

e m it - suspended particula te phase is an unfiltered liquid phase’). Wit h

some very  fine—gra ined sediments , it may be necessary to centrifuge the’

supernatant after the 1—hr settling period . This ce’ntri femgat ion , i f

used at all , should be only enough to make the test organisms visible’

during the bioassay. The suspended par ticulate phase- bio;uss;t~’ should

begin as soon as the suspended particulate phase is prepared .
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S o l i d  Ph ase Samp le P r e p a r a t i o n

20. The s o l i d  phase ef dred ged mate r i a l  is used exc lus ive ly in

b i oa ss av s  or h i eo ; iccumu la i  ion  s tud  ies ; i s discussed  i n  Ap p e n d i c e s  F and

C . The solid phase is d e f i n e d  f o r  b ioassessment  purposes as s ed imen t s

of in s i t u  d e n s i t y  c o l l e c t e d  w i t h i n  the  dred g ing s i t e .  These’ sediment

samp le’s should  be collected and stored as described in paragraph 8.

Th~- s o l id  phase f o r  use in bloassays should be prepared immedia te ly

p r i o r  to b e g i n n i n g  the  bioassays.  Indeed , the so lid phase p r e p a r a t i o n

is an i n t e g ra l  pa r t  of the bioassay procedure arid is descr ibed  in

d e t a i l  in Append i x F, ‘Guidance for Performing Solid Phase Bloassays. ’
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A 1’h’ i N I m  lX C:  L I  QU I t) PHASE CHE M ICAL ’ A N A L Y S E S

1 . I r e - s t -c i t e d  he re ’  in  Ire ’  p r o c e d u r a l  r e t  e’r e’nce’s f o r  chemica l

a n a ly s e -s c o t  dis1oos,i I i-e l U- w e t  o r  and thm e ’  l i qu id  phase of dred ged

mat o r  i - i l .  Samp le’s must  ho e ’ ceo! le ’cte ’ d , p r e s e r v e d , an d pre ’~oar ed a c c o r d i n g

t o  d i r e c t  j e l l s  i n  Append i x  B. Trace  m e t a l  an a l  yse’s In  the ’ 1 i qu i  d phase ’

c o t  d r e dge d mat  o r  ia l  I m m  s ; ,u l  In c  w a t e rs d i r e  bo th  d i f f i c u l t  and comp l i —

c , u t  ed b e ’ c , i o u y t ’  01 t in ’  h i gh s~ I t  c o n t e n t .  Spec ia l  an;u 1 ‘.1 ica l  m et  h o o d s

such as s o o l v e n t  - x t  r ; ie - t  ion p r i o r  t o O  m e t a l  ; i n ;u l v s o ’ s  d i r e -  o f t e n  r e q u i r e d .

A1s~~, h e ’ e’, I e u s e -  ot t h e ’  e’ e ) mp i l r ; i t  ivel y low b a c k g r o u n d  c e o u u c e n t r a t i  ons of

Se )nh e ’ ce ui s t  i t ue ’n t s  in samp le’s of t h i s  type , the ’ number  of rep l i c a t e -

a n t I  vs-c ’s  o t  cornp oo- i t o ’ l i q u i d  phase or d isp o s a l  S i t e ’ w ,ite ’r samp les must

be c -ar - C f u l l  ‘,‘ c e o n s ide  re ’d.

Appa r a t  us

2 .  ‘ l I m e ’  spec i t  ic e q u i pment  n e c e s s a r y  fo r  l i q u i d  phase c hu e m i c a l

a n a l - - sc - -- w i l l  v a ry  d e p e n d i n g  on t h e  c h e m i e’al c o n s t i t u e n t( s )  to  be’

an,ilvze ’d. Re’ t o - r e - l e c o - e l  procedure manuals should be’ consulted t e o  deter -

m i n e  s l o e - C i t  i c rue ’e’ds, samp le’ size , p r o p e r  c l e a n u p  p r o c e d u re s  f o r  g l a s s —

-~~ire ’  and o c t  b r  a p p a r a t u s , and p o s s i b l e ’  i n t e r f e r e n c e s  in the’
1 2 3; i m r ,i l ‘.5 is .

Procedures

3. The l i q u i d  phase may be treated as ;u w a t e r  samp le and a n a ly z e d

as des c r i b e d  in  the  r e f e r e n c e d  m e t h o d s .  S t a n d a r d  p rocedure ’s  f o r  anal-

y s i s  f o r  s p e ’c i t  ic  c o n s t i t u e n t s  o t h e r  than  p e s t i c i d e s  and p eo l y c h l o r i n a t e d

b i p h e - n y l  ( 1 G B )  m a t e r i a l s  d i r e ’  g iven in ‘fable ’ Cl  and anal y t i c a l  pr ocedures

b r  pesticides and PCB materials are ’  given in  Table C2.

4 .  P r e p a r e -  and an a l y z e -  t h e ’  l i q u i d  p h iase in t r i p l i c a t e  and r epo r t

t i u t ’  ave rage’ eonc e ’nt  ra t  ion of t h m e ’  t h ree ’  rep l i c a t e’ s as the  c o n c e n t r a t i o n

of the  contaminant  of ceonc ern in the  l i quid phase . Repor t  all concen-

trations in milligrams or micrograms per litre’ .

I n t e r p re t a t i o n  of R e s u l t s

5. Paragraph 227.29(a)(l) of th ~’ ~~~~~~~ defines the  l i m i t i n g  per-

m i s s i b l e  c o n c e n t ra t i o n  (LP C ) 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

Cl



‘l Ie 1 0 -  CI
Proce dural_ Re feren ce ’s  f 0 r  l ,lo j,oei d ~~~~e Anaiy,tica1 lo-tloods_ fe~r

Spec If Ic Const i t o i o ’ n t ,~y_e~ r o r  - I’CBs

Other
Parameter )~ - t o - r o ’ o o e ’ e- I Refero’ooo’oc 2 Reference 3 io-I o rr o-ric’e ’ s

heor’~~ofl I 
- 

c o n s t i t u e n t s

(‘ vdoooI d ~ (total) p. 40 Method 4 1 1  Method 02036 —

10 , tOo l p. 503

F1,our ide ) t o o t , e l )  p. 59 Me thod 414A -end C Method 011 79 —

p. 389 p. 310

M e t,ols  (dissolved) p. 82(4.1.3)  — — —

Antim ony p. 94 — — —

Ars eni c p. 95 — — —

Be -r i - ilium p. 99 — — —

Cadmium p. 101 p. 151 p. 351 —

Chromium p. 105 p. 151 p. 351
Coobalt p. 107 p. 151 p. 351 —

‘ 50) r p. 108 — p. 351 —
Iroo n p. 110 p. 151 p. 351 —

Lead p. 112 p. 15 1 p. 351 —

M anganes e ’ p. 116 p. 151 p. 351 —

Me’r , u ry p. 118 , 138 — p. 344 —
N j , kc-1 p. 141 — p.  351 —
Se l e n i u m  p. 145 — — —

0 VanadIum p. 1St — — —

Zino p. 155 p. 151 p. 35 1 —

N itrog e n
A~~oonia p. 159 - — —

N i t r a t e ’ — N e t r l r o -  p. 201 Method 4191, — —

p. 423

Total ij e i dah l p. 175 Method 421 — —

p. 4 17

l ie ’  ‘- ph - - ro e s
p. 249 Method 415C M’ t i oo o t  1)515 —

I I I  m~ 
4 7 - ,  p.  387

p. 24°c M e thod 42SF Method 0515 —

p. 481 p. 389

e orj~einl c Constitue .nt~, ( o x  -p t d’hIo orina t e~d t o y o l r o s ’ o r t o o o i o s )

Amine’ s - — - R e f .  4

ho ’nzld ine — — — R e f .  S
Step 8.2

y o • t  to vi me rcur y — — — R e f .  6

l o l l  and gr ease p. 229 — — —

Sr - i 7 . 1

m e t  roo leum b o v d r , o o ’ ,o r i oo -oos  p. 22~o — — —

Step 6. 1

p. 241  Met  loud 510 Method  01783 —

p. 574 p. 542

Phenols (specific) — - Method 02580 —
u- 548
St ep 13.1
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Table C2

Procedural Re ferences for Liquid Phase Analytical Methods for

Pest ic ides  and P03 Materials

Parameter Reference 7’ Other References

PCBs Section 10 , A Refe rence 3

Pesticides :
N—Ary l carb amates — Reference ° , Step 9.3

barban
chloropropham
diuron
linuron
m o  nuron

0—Aryl carb amates — Reference -~~~. dteF 9.3
baygon
carbaryl (sev in )
metacil
mesural
ze ct ran

Organochlorine Section 10 , A Re ference II , Step 9.3
aidrin
DDT
dieldrin
endrin
toxaphene

Organophosphorus Section 10 , A Reference  L0 , Step 9.3
malathion
methyl parathion
parathion
guthion
demeton
diazinon
disyston

Y°heno~~r acids — Reference 13

s i 1 vex
2,14 ,5—T

T r i a zin e s  — Reference l~4 , Step 9.3
alt razine
propa z I ne
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at which none of the constituents of concern will exceed their re-

spective water—quality criteria after allowance for initi al mixing.

W h e t her  the LPC would be exceeded can be determined by compar ing the

volume of the  i n i t i a l  m i x i n g  zo ne to the volume of water required to

d i l u t e  t h e  l i qu i d  phase s u f f i c i e n t l y  to meet the  w a t e r — q u a l i t y  c r i t e r i a

for  t h e  c o n s t i t u e n t  of co ncern . The appropr ia te  calculat ions are

illustrated in paragraphs 15 through 20 of Append ix H, “Es t ima tion

of Initial Mixing.” The LPC would be exceeded only if the required

dilution volume exceeds the volume of the initial mixing zone .
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APPENDIX D:  GUIDANCE FOR PERFORMING LIQUID PHASE AND
SUSPENDE I)  PARTICULATE PHASE ANIMA L BI OASSAYS

Introduction

1. The descr ibed bioassay of appropriate sensitive’ marine organ-

isms can be used as an aid in evaluating the importance of dissolved

chemical constituents released from the sediment during disposal oper-

ations. This procedure can also be used to evaluate the effect of

suspended particulate matter that is present in the water column fo r

c e r t a i n  pe r iods  of time during disposal of dredged m a t e r i a l .  A se r ies

of experimental treatments and controls are established using the

liquid phase or suspended particulate phase of the dredged material and

disposal site water. The test organisms are added to the test chambers

and incubated under standard conditions for a prescribed period of time .

The surviving organisms are examined at appropriate intervals to de-

termine if the test material is producing an effect. Phytoplankton

bioassavs r e q u i r e  a somewhat different approach and are described in

Appendix E, “Guidance for Performing Liquid Phase and Suspended Particu-

late Phase Phy top lankton Bioassays.”

Apparatus

2. The following items are required for each separate test series ,

which consists of one set of control and test aquaria with three repli-

cates of each. Appropriate additional i tems will be needed for each

additional test series .

a. Twelve crystallizing dishes (100 mm 50 mm ) to be used

as test containers for zoop lankton and larvae .

b. Covers for the crystallizing dishes. Sheets of window

glass or clear plastic are suitable.

c .  Twelve 10—gallon (37.8—i) all—g lass aquaria , 26 cm wide ,

51 cm long, and 31 cm deep, to be used as test containers

for crustaceans , molluscs , and fish.

d. Transfer pipettes with a 0.2— to 0.3—mm bore size and

Dl



rubber bulbs; transfe r p ipette’ s with 7— to 9—trim bore- size .

e. Fine—mesh di p nets.

f .  Fac ilit y fe or maintaining (omistant temperature and ap-

propri ate ph o t o p e r i o d  in the t e s t  c o n t a i ne rs .  Any

inc ubator that allows control of tile temperature within

+ 1°C and provides accep table lighting will suffice.

Cool—white flourescent ligh t ing located above the test

uni ts at a distance of approximately 0.5 to 1 m should

be used .

A light box with illumination from below for ease in

counting zooplankton and larvae .

Species Selection

3. Liquid phase and suspended particulate phase bioas says mus t

utilize appropriate sensitive marine organisms as described in para-

graph 227.27(c) of the Resister (see App endix A). The sensitivity of

all bioassays is dependent primarily on the selection of appropriate

species.

4. If at all possible the test species should be collected from

a reference area near the disposal site and similar to it in water

quality and substrate sedimentology , but with no recent history of dis-

posal .  They should be the same species or be closel y r e l a t e d  to those

species that naturall y dominate biological assemblages in the vicinity

of the- disposal site in the season of the proposed operation . Experi-

ence’ has shown that with reasonable care’ it is possible to collect test

organ isms from wild populations and maintain them under controlled

condi tions with low mortality. However , a p r e l i m i n a r y  s tud y of the

ability of field—collected test organisms to acclimate to laboratory

conditions is hi ghly desirable .

5. I f  it is not  p r a c t i c a l  to use the -  dominan t  species c o l l e c t e d

f r - m near  t h e  d i sposa l  s i t e , t e s t  species may be selected from Table Dl

i f  t h e y  a rc - chosen so t h a t , i n s o f a r  as possible , they are r e l a t ed  ph y lo—

g e n e t i c a l l y  a n d / o r by ecological requirements to the dominant appropri-

ate’ sensitive marine organisms expected in the area of the disposal
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s i t e  at  the  t i m e ’ of t h e  proposed o p e r a t i o n .  Commerc i a l l y  i m p o r t a n t

organisms f r o m  the  v i c i n i ty of the  d isposa l  area  may a l s o  be i nc luded

i f  d e s i r e d .  In Table  1)1 , specie’s are not  l i s t e d  in o rde r  of p r e f e r e n c e’ ,

e x c e p t  t h a t  the f i s h  of group I are  the most d e s i r a b l e  fo r  b ioassay  p u r —

pose ’s , and t h ose- in group I I I  are cons ide red  genera l ly  less l i k e l y to be

S e r l s i t i ve ’ 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 ts .

6. All  l i qu id  phase and suspended p a r t i c u l a t e  p hase bioas ays

should inc lude- a species of mysid shr imp of the genus ~ , c ” ’ j  ~ ‘~s or

This  ~,‘ill  p rov ide  an in ternal  s tandard  in all  bioassays and

f o r m  a bas i s  f o r  q u a l i t y  assurance  in the r eg u l a t o r y  program.

7.  I t  is recommended t ha t  j uveni le  form s , p a r t i c u l a r ly of t i sh ,

be u t i l i z e d  because of t h e i r  genera l ly g r e a t e r  s e n s i t i v i ty  t h a n  a d u l t s .

The we’t w e i g h t  of i n d i v i d u a l  t e s t  specimens  s h o u l d  not  be ’ g r e a t e r  than

3 g. Molluscs general ly ar e- r e l a t i vel y r e s i s t a n t  to  many  t e o x i c , o u t s , and

t h e r e f o re  are o f t e n  u n d e s i r a b l e  for  b ioassays , bu t  t h e - v  a r e  ve ry  u s e f u l

f o r  b io a c c u m ula tio n  s t u d i e s .  If  used in b ioassays , t h m o - v  shou ld be’ l e s s

than  2 cm long . To avoid p r e d a t i o n , it  probabl y wi l l  b e- n e c e s s a r Y  to

c o n d u c t  t i m e  b ioassay w i t h  p o t e n t i a l  p reda to r  and prey  species isolate’d

from each other. For examp le, fish and zooplankton or larvae must be

sepa ra t ed  to  avoid  p r e d a t i o n . The i d e n t i t y  of all t es t  species  mus t  be

v e r i f i e d  by experienced taxonomists. lf the bioassay animals are also

to  he m i ’ ; c - m J  in e s t i m a t i n g  b ioaccumula t ion  p o t e n t i a l , spec i e s  sel ec t ion

should consider the factors discussed in paragraphs 5, 6, and 7 of

Appendix C, “Guidance on Assessing Bioaccumulation Potential. ”

8. W h a t o - v e r  the source of the animals , collection and handling

should be as gentle as poss ib le .  T r a n s p o r t a t i o n  to  the l a b o r a t o ry

should he in well—aerated water from the animal collection site in which

the animals are held at the temperature and salinity from whica t h ey

were o b t a i n e d . Animals  should be held  in the l a b o r a t o r y  no more than

two weeks before bioassays are begun . 1)uring this Period they must be

gradually acclimated to the salinity and temperature at which the bio—

assay will be conducted. Methods for collecting , handling, acclimating,

and sizing bioassay organisms given in “Bioassay Procedures for the

- . 
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Ocean Disposal Permi t  P rogram ” and “S tanda rd  Methods  for the Examina-

t i o n  of W a t e r  and Wastewater”
2 

should be f o l lowed in al l  matt ers f or

which no guidance is given here.

Sample Collec tion and Preservation

9. Sedimen t and water samples are collected and stored and the

li q u i d  phase and suspended particulate phase are ’  p r epa red  as d e s c r i b e d

in  Append ix  B , “Dred ged M a t e ri a l  Samp le’ Collec tion and Preparation. ”

Water co l lec ted  f rom the disposal  site should be used if at all possi-

ble . Otherwise uncontaminated seawater or an artificial sea salts

mix ture (such as that given on page 32 of Reference 1) of the proper

s a l i n i ty  may be used .

~~,p~ r imen tal Condi t ions

10. Liquid and suspended particulate phase bioassays should be

conducted at a salinity near that expected at the disposal site at the

t ime of the proposed operation . Experimental temperature should be held

stable within + 1°C of a t empera tu re  a p p r o x i m a t i n g  t h a t  expected at the

disposal  s i te  in the season of the proposed ope ra t i on .  Recommended

experimental temperatures are given on a seasonal basis for various zoo—

geographic areas in the following tabulation.

Test
Temperature , °C Zoogeograp lllc Ar e as

Summer W i n t e r  CE D i v i s i o n _ _  EPA Reg ion

20 5 New England I
N o r t h  A t l a n t i c  11*

I l l

25 12 South  A t l a n t i c  I V
Lower Mississipp i V j lli- y V I
South wes te rn

10 10 North Pacific x
South  P a c i f i c

25 25 P a c i f i c  Ocean IX**

*puerto Rico and Virgin Islands are in EPA Region II ,
but should use temperatures recommended for R eg i o n  I V .

**Mainland portions of Region IX should else’ South P a c i f i c
Division temperatures; Pacific island porti on~ of Region
IX should use Pacific ’ Ocean Division temperatures.
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11. D i s so lved  oxygen should root be allowed to f a l l  be low 4 ppm ,

un l ess there  i s  reason to be l i eve  t h a t  d e p r e s s i o n  to lower levels

would  o c c u r  f o r  a s u b s t a n t i a l  p e r i o d  of t ime in the  f i e l d  d u r i n g  t h e

proposed d i sposa l  o p e r a t i o n  or if lower levels occur  n a t u r a l l y  at  the ’

si te . 1,ig h t  i n t e n s i t y  should be approximat el y 1200 ; w/cm
2 

u s i n g  coo l—

whi te flourescent bulbs with a 14—hr li ght and 10—hr dark cycle. At

the be ’ginning and c u d  of the bioassay , the t empera tu re , s a l i n i t y , dis-

solved oxygen , and p1-I in the t es t  c o n t a i n e r s  should be measured and

repor t ed .

E x p e r i m e n t a l  P rocedure

12. Glassware must  be extremely clean. Wash all glassware wi th

d e t e r g e n t , r i n se  f i v e  t ines w i t h  tap wa ter , p lace  in a clean 10—percent

HC I ac id  b a t h  f o r  a minimum of 4 hr , r inse  f i v e  t imes w i t h  t ap  w a t e r ,

and the n r inse f ive  times wi th  d i s t i l l e d  w a t e r .

13. E s t a b l i s h  t r e a t m e n t  levels us ing  d i sposa l  s i t e  w a t e r  and

li quid  phase or suspended p a r t i c u l a t e  phase of the m a t e r i a l , p repared

as d e s c r i b e d  in Ap p e n d i x  B.  A min imum of t h ree  r e p l i c a t e s  of each

e x p e r i m e n t a l  and c o n t r o l  c o n d i t i o n  mus t  be used.  More r e p l i c a t e s  should

be used whenever possible , as th i s  w i l l  increase the s e n s i t i v i t y  and

re-liability of the test. The final liquid volume in each dish is 200

ml and in each a q u a r i u m  is 30 ~.
13. The f o l l o w i n g  c o n c e n t r a t i o n s  of the  t e s t  m a t e r i a l  are re ’com—

m e ’nd o- d  as a min imum , w i t h  more being desirable whenever possible.

Percent  Percen t
Li qu id  Phase Disposal  S i t e  Wate r

10 90
50 50
100 0

Percen t  Suspended Percent
P a r t i c u l a t e’  I’hma se- Disposal S i t e  Wate r

10 90
50 50
100 0

The following controls should be used for each phase :
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a.  100—pe r c e n t  f r e s h  cul  t u r e  w a t e r  of t i l e ’  t y p e  in
w h i c h  the ’ a n i m a l s  have b e e n  he ld  p r i o r  t o )  t e ’s t  i n g .

b .  If  t ile b i o a s s ay s  are c o n d u c t e d  w i t h  d i sp o s a l  s i te
w a t e r , i t  is a d v i s a b l e  t o  e s t a b l i s h  iii additional
c o n t r o l  of 1 0 0 — p e r cen t  d i s p o s a l  s i tO  w a t e r .

14.  Ten o r g a n i s m s  are-  exposed i n  e ach t e s t  d i sh  or aq u a r i u m .

I n d i v i d ua l organisms  must  be randoml y ass igned  to t r e a t m e n t s .  Make

c-ve ry  a t t e mp t  to  c o l l e c t  an imals  of  a p p r o x i m a t e l y equal  s i z e - . Use ’ a

p ipe t t e -  to  t r a n s f e r  zoop l ank ton  and l a rvae  f r o m  the  l a b o r a t o ry  c u l t u r e -

vesse l to the t est  c o n t a i n e r s .  Care  mus t  be t a k e n  dur i ng the  t r a n s f e r

process  t o  ensure  t h a t  a i r  is not  t r a p p e d  on t h e  z o o pl an k t o n  and

l a rvae .  Place ’ the  p ip e t t e -  under  t i l e ’ s u r f a c e  of the  l i q u i d  in  t h e -  t e s t

c o n t a i n e r  and g e n t l y  release the ’ l i qu id  and a n i m a l  i n t o  t h e  t e s t

s o l u t i o n . J u v e n i l e  and adu l t  c r u s t a c e a n s , molluscs , and f i s h  are-

t r a n s f e r r e d  to the  t e s t  con ta ine r s  in f i n e — m e s h  n e t s .  Submerge t i l e

ne t  in the  t e s t  c o n t a i n e r  and gent l y ever t  i t , r e l e a s i n g  the -  a n i m a l s .

D u r i n g  t h i s  process , t r a n s f e r  the min imum amount of c u l t u r e  medium

possible  w i t h  each animal  and use a d i f f e r e n t  pi p e t t e  or net  f o r  each

c o n c e n t r a t i o n  of t e s t  s o l u t i o n .  The u t m o s t  care should be take- n when

t r a n s f e r r i n g  any of the  an ima l s  f r o m  h o l d i n g  f a c i l i t i e s  to  the  exposure

containers to avoid damaging the organisms . Discard any a n i m a l s  t h a t

a re dropped or phys i ca l l y abused dur ing  the t r a n s f e r .  N & - v C r  touch

anima ls ~y hand . R e f e r e n c e s  1 and 2 p rov ide  d e t a i l e d  i n s t r u c t i o n s  on

hand l ing  and t r a n s f e r  procedure ’s .

I S .  Cover the dishes and incubate  the ’ test containers in an

appr opriate test chamber. Positioning of tile test containers holding

v a r i o u s  c o n c e n t r a t i o n s  of t e s t  s o l u t i o n  mus t  he r an d o m i z e d .  The t e s t

m e d i u m  i s  not  rep laced d u r i n g  the  9 6 — h r  e x p e r i m e n t a l  p er i o d .  No ,oera-

tion is supp lied (unless indicated by the cons iderations in paragraph

11),  and the test medium is not stirred. Therefore’, some sedimentation

will take place during suspended particulate bioassays , and at  the ’ end

of the  test only very fine particles will remain in suspension.

16. ObservatIons should be made at 0, 4, 8, 24 , 48 , 72 , and 96 hr.

Animals are coun ted visually at each observation t ime with th e’ a i d  of a
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l i gh t  box c or dissecting microscope . Take care’ to m i n i m i z e  s t r e s s e s e)n

the  a n i m a l s  d u r i n g  c o u n t i n g .  C o u n t i n g  shou ld  be done- q u i c k l y  and the

a n i m a l s  it m ue d i a t e ly  r e ’t u r n e d  to tile t e s t  c o n t a i ner s . D e a t h  is t h e -  end

p o i n t , so the  number  of l i v i n g  organisms is recorded .  Death  is deter-

mined by lack  of movement  a f t e r  a gentle swirl of the dish or gentle-

t o u c h i n g  of a s e n s i t i v e  p a r t  with a probe. All crustaceans , both larval

and a d u l t , m o l t  at r e g u l a r  i n t e r v a l s , shedd ing  a comp l e t e  e ’x o o s k e l e ’t o n .

Care  should be t aken  no t  to count  an exoske le ton  as a dead an i m a l .  i)ead

animals may decompose or be eaten between observations. There-fore ,

a l w ay s  count living , not dead , animals. Remove dead organisms and mol ted

exoskeletons at each observation with a pipette or forceps. Care must

be taken not to disturb living organisms and to minimize the amount of

liquid wi thdrawn .

Data Analysis and Interpre tation

17. The criteria require that liquid and suspended par ticulate’

phase bioassay results be interpreted in view of the mixing and dilution

expected at the disposal site. According to Section 227.13 of the

Reg ister, dred ged material can be considered environmentall y accep tabl e

for ocean disposal only if bioassay results and initial mixing estima t e-s

indica te- that the limiting permissible concentration (LPC) will not be

exceeded (Section 227.27). Therefore , bioassay results cannot be

interpreted until initial mixing calculations are performed , as de-

scribed in Appendix H, “Est imation of Initial Mixing. ” Procedures in

th i s  sec t ion app ly  to bo th liquid phase and suspended particulate’ phase

bioassays of all appropriate sensitive marine organisms .

Data  o re - sen t  at ion

18. Complete survival data in all te’st containers at each obser—

vation time should hi’ presented as shown in Table 02. The species must

be identified by se i ent ilic - name. I f  grea ter than 10—percent mortality

0Cc o u r s  In  the cou m i r co l s , a l l  da ta  mus t  be d i s c a r d e d  and the exper iment

r ep e a ted .  C o n t r o l  m o r t a l  i t  ic-s of 20—pe r c e n t  may be a c c e p t a b l e  in zoo—

p l a n k t o n  and l a r v a l  b i o o a s o , a v s .  U n a c c e p t a b l y  h i gh control mortality

indic ate-s the~ presence oo f Importan t s t r o -soc ’s on t i le organisms other

1)8
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t h a n  t h e  m a t e r i a l  b e-  i n g  t e s t e d , such as i nj u r y  or disease , s t r e s s f u l

p i o \ ’ S i c a l  or cilemi cal condit io n s in t i l e  t e s t  con t a ine r s , or improper

h a n d l i n g ,  a c c l i m a t i o n , or f e e d i n g .  I f  less t h a n  10—percent  (or 20—

p e r c e n t )  m o r t a l i t y  occurs in t h e  c o n t r o l s , tile ’ da t a  may be e v a l u a t e d .

S t a t  ist [cal analvs is

19 . lo  assess t h e  p o s s i b i l i t y  of u n a c c e p t a b l e  adverse impacts  in

t h e -  water column , it is necessary to statisticall y compare the 96—hr

s u r v i v a l  in tile a p p r o p r i a t e ’  c o n t r o l  to  su rv iva l  in the  100—percent  t e s t

med ium and then  to  d e t e r m i n e  t he LPC . I f  m o r t a l i t i e s  a re  s i m i l a r  in

both controls , the culture water control is appropriate for comparison

to ) tile 100—percent test medium. Higher mortality in the disposal site-

wa ter control indicates a potentiall y adv erse e ’f f e c t  of t h e  wate ’ r a t

time disposal site. In this case’ the disposal Site’ control is the appro-

pr iate one for comparison with the 100—percent test medium in order to

e s t i m a t e  what , if  any , a d d i t i o n a l  e f f e c t  ni gh t  be caused b y t h e  pro i)ose ’d

d i sposa l .

20. It is possible- that the liquid and suspended particulate plocosc-s

of some- dred ged mat eri a ls will cause no morta lity, and total surviva l in

the ti-st medium may be equal to Lor hig her than survival in the controls.

If so , v i sua l i n s p e c t  ion of t ime  d a t a  is a d e q u a t e  and no s t a t i s t  ical

a na ly s e s  a re  needed. Such case-s have been d o c u m e n t e d  and in  no way

r e f l e c t  on t i le  qual  i t y  of t h e ’  b i o a s s ay , s i m p l y 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 ti e d r e d ged m a t e r i  a i  . F l o e ’  Li’C cannot  be pre’c i se’iv

s p e c i f i e d  in s o i c l o  e a s e - s  b e c a u s e  the  a c u t e - i  y t o x i c  conce ’n t r a t  ion canno t

be d e t e r m i n e d .  ile owe ’ve ’ r , s i n c e  t h e  acutel y t o x i c  e’oncen t  r a t  ion is

known t o o  be -c t least  100—percent te’s t med i urn e’oo mm o - e ’ m l t r a t i o n , the i,PC

could be exceeded onl y i f  t i l e  c a l c u l a t i o n s  I ron t h e  a p p r o p r i a t e ’ p a r t  of

A p p e n d i x  H p r e d i c t e d  d i l u t  ion  b y a f a e - t o r  of 0 .01  e)r l e s s  d u r i n g  i n i t ia l

m i x i n g .

21. If survival in the appropriate’ control is iligher than t h a t  in

t h e  100—percent  t e s t  m e d i u m  a f t e r  96 hr , these sets of data must be

compared statist ically by use of the t—t ’st is illustrated below using

the data from ‘table 1)2. Bef ore calculation of t , i t is necessary  to
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d e t e rm i n e  whe the r  the v a r i a n c e s  of  the two se ts  of data  are tlomogeneous .

Thi s is determined by Cochran ’s tes t for the homogeni-~t y of v a r i a n c e s ,

in which C is calc ulated as the ratio of the largest variance to tile

sum of all the variances.

— max — 
1.33 —- 

2 2 . 3 3
where

S = larger variance of either the control data or the
max 

100—percen t test medium data , calcula ted as in the
example of paragrap h 24

‘I
sum of both var iances

22. This C—value is evalua ted by comparing it to the tabulated

C—value given in the table that is Enclosure 1 to this appendix. In

the table , k is the number of treatment variances summed in the de-

nominator (2 in this case), and v is one less than the number of

observations contributing to each variance (3 — 1 = 2 in this case).

Therefore , the tabulated value of C in this examp le is 0.9750.

23. If the calculated C—value is smaller than the tabulated C—

value , as i t is her e, the calculated value is not significan t at the 95—

perc ent confidence level , and the va r iences may be consider~—d homogene-

ous. If the calculated C—value is larger than the tabulated C—value ,

the variances are not homogeneous . In such cases , all data should be’

transformed in order to achieve’ homogeniety of variances. Such trans-

f o r m a t i o n s  are- performed on each datum by obtaining either the natural

l o g a r i t h m  of (X + 1) or the  a r csi n  ~i, where X is the d a t u m ,  in

o rder  to  use the ar c s i n  ~i t r a n s f o r m a t i o n , the da ta  must  be in the

form of a percent expressed as a decimal fraction (i.e., 0.80 surviva l ,

not 80—percent survival). Recalculate the C—value using data transfe,rme’d

by either of these methods , if variances are now found to be homogeneous ,

use the  t r a n s f o r m e d  d a t a  in  a l l  t — c alc u l a t io n s . If  var iances  are s t i l l

nonhomogeneous , t is calculated by using the original data , with a

different evaluation given in paragraph 26.
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2 4 .  The t — v a l u e  f o r  the  9 6 — h r  con t ro l  and 100—percent  tes t  medium

data in Tab le’ 02 is calculated as follows :

Number of Survivors
Rej~ J~~a te  Control 100% test medium

1 10 4
2 8 2
3 

-~-~~

sum of d a t a  = = 28 9

mean X = 

— 2  

9.33 3.00

sum of squares SS E(X—X) = 2 . 6 7  2 .00

2 SS
variance’ S = 1.33 1.00

t = 
- 

~~~ = 

n-l  

= 
6.33 

= 7 .18  ( D 2 )

~ fs
2
_÷ ~~1.33 + 1.00 ~~0 .7 7 6 7

where :

— I = absolute value of mean of control minus mean
c 100 of the 100—percent  t es t  medium da ta

S
2 

and = var iances  f o r  cont ro l  and 100—percent  t e s t
med ium da ta , respec tively

n = number of data points in each set

25. This t—value is evaluated by compar ing it to the tabulated

t—value given in Refer ence 3 at the 0.05—probability level wi th the

appropria te degrees of freedom (df); in this case , 2(n—1 ) = 4. It is

important that the tabulated ~ value be’ obtained from a table labeled

“o n e — t a i l e d  t values” or “t values , s i gn  considered , ” or some s imi lar

desi gnat ion . A l t e r n a t i v e ly ,  the  a p p r o p r i a t e  t — v a lu e  may be obtained

from a standard table at the 0.1—probability level. In this examp le ,

the appropr i a te t value is:

t 0 5 ( 4 )  = 2.13

Since the calculated t—value is larger than the tabulated t—value ,

the difference between the control survival and the 100—percent test

med i u m  surv iva l  is statistically si gnificant at the 95—percent confi-

dence level.
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26. if homogeneous va r i ances  could not have been o b t a i n e d  by t rans-

f o r m a t i o n  of the data , the  c a l c u l a t i o n s  g i v e n  above c o u l d  have ’ been

p e r f o r m e d  on the  o r i g i n a l  d a t a .  However , the  t a b u l a t e d  t — v a l o o -  w o u l d

hav e to have been obtained for (n—i) = 2 df , ins tead of 2 ( n — 1 )  = 4 df ,

thereb y raising the tabulated t—value and making a differen ce’ l os s

l i k ely  to be detected.

27 .  If no s t a t i s t i c a l  d i f f e r e n c e  a t  t h e  9 5 — p e r c e n t  o ’ o o n l  i d e n o ’ o-

leve l h ad been shown between survival in the contro l and to-st 00. . d i t i r . ,

the situation with regard to the LPC would be id e’n ti-; c l t -  t i o ; i t  d o - c  r i ~ - o

in pa rag rap h 20. If no diff erence at the 95—perce’mlt c e ontid o- m o , 0 I , ‘ e l

is shown between survival in the control and test medium , no . I I c u t  ot

the liquid or suspended particulate’ phase cou ld be p r o - d i c t e d  o r  I h o e -

disposal site , even if no dilution occurred for 96 h r. Ibi s o’h ”.’ i o o u s’ Iv

w i l l  not  ac tually occur at any aquatic disposal site - ‘thus , when  no

differences are detected between control and test surv i- ,- ,ol ot ter ‘ - h r ,

the analysis may be considered comp lete at this point wi th flo’ i n d i c o t  ion

of po tential impact.

28. However , some dredged material may produce’ data such as t O e

example- from Table D2 , which showed a statisticall y si gnific ont r o-duc—

t ion in survival after 96—hr exposure to 100—percent test medium . In

such cases it is necessary to compare bioassay results to thu m i x i n g

and dilu tion expected at the disposal site in order te ’ determine whetioe’r

the LPC would be exceeded . Only then can a prediction be made c o t t h e

l ikelihood of adverse effects in tile’ water column if the disposal occurs.

L i m i t i n g  p e r m i s s i b l e  c o n c e n t r a t i o n

29. The likelih ood of adverse’ c i fe-cts is evaluated by I irst con—

~- t  r u c t in g  a t im i ’— c o n c en t r a t  ion mort a lit y curve fre m time- b io as s a~ da ta ,

w h i c h  can be compared graphicil h y to  the’ t i m e — con c e n t r a t i o l l  r e l , it  i o n —

shi p b r  dilution of the ’ m a t e r i a l  as c a l c u l a t e d  i n  Appendix H, “Esti—

ma t ion of lnit lal Mixing. ’’ A time—conc entration mortal i t y  curve is

c o n s t r o i c t e d  f r o m  the ’  b i o a s s a y  d a t a  b y c a l c u l a t  h o g  t h o e ’  LC5O ( l e t h a l  co on—

o o - n t  r a t  ion to 50 percent 0)1 time’ camil l e- ) I o or e’ae’i o obs e’rvat ion  t m e  . ill i s

i s  p o s s i b le  o i ~ 1 when 5 0 — p e ’r o - e - m m t  or g r e a t e r  m o r t a l i t y  a c t u a l ly  o ccu r s  i n

til 3

—
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the  h i g h e s t  c o n c e n t r a t i o n  of t e s t  m e d i u m .  Thus fo r  the d a t a  in ‘fable

D2 , an LC50 can be calculated for the  7 2 —  and 96—hr  o b s e r v a t i o n s , hut

not  f o r  e a r l i e r  o b s e r v a t i o n s .  C a l c u l a t i o n  of LC5O values can be p e r —
2

formed by a v a r i e t y  of m e t h o d s ;  where  verified computer programs are-

not  a v a i l a b l e , tile method of L i t c h fie ld  and Wilcoxon is recommended.

A sample ’  c a l c u l a t i o n  us ing  the  d a t a  f r o m  Tab l e’ 1)2 is given in t h e

f o l l o w i n g  pa rag raphs .

30. No~r t al i t y  of a t  least  50 pe rcen t  was f i r s t  observed a f t e r

7 2 h r .  Tile 72—br  LC5O is c a l c u l a t e d  by a r r a n g ing the 72—hr  experi-

men tal data from Table D2 as shown in the first three columns of the

b o l l o w i n g  t a b u l a t i o n .

Percent  Dead
o ~~o t l t De ad! Observed m i n u s  C o n c e n t r a~~ion

lie - ,, T e s ted  Observed  Expec ted  Expected  to

10 2/30 6.7 2.0 4.7 0 .1 10

SO ~/‘3O 26.7 30.0 3.3 0.005

1 00 17 /30  56 .7  57 .0 0 . 3  0.000

0.115

>- 10

Overall con tribution to 
2 

= 1.15

31.  Special so—called “probabili ty paper ” is then used to p lot

obse rve d per cent dead on the probability axis against concentration of

t o - s t  med ium , as with the closed circles and solid line in Figure Dl.

A line ’ appearing to  fit the data is then drawn through the p lotted

poin ts. Column 4 of the preceding tabulation is tile percent dead

“predic ted” at the test concentrations by the line just drawn . Column

S Is the absolute’ value of the’ difference between columns 3 and 4.

Column 6, tile’ contribution to Chi
2 ( ) ,  is obtained from Nomograph 1

in the paper by Litchfield and Wilcoxon .
4 

The individual contributions

to are’ summed and multi pli ed by 10 to obtain the overall contribu-

tion to x2 . The “goodness of fit ” of the l ine drawn above to the data

is then tested by comparing the calculated coverall contribution to

1)14
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te O t he  t a b u l a t e d  v a l u e  at  the  9 5 — t o e - r o e -n t  c o n f id e n c e  l e v e l w i t h  n — 2 d f .

In ti lls case ’ , 1. 15 is less t h a n  t i oc  t a b u l a t e d  value  of 3.84 (d f  = n — 2

= 3 - 2 = 1) in I , i t ch f i el d  and W i l c o x o n ’ s Table 2.~ Therefore the line

is considere d to fit the’ data adequately. If the calculated value’ had

o ’x c o ’ o - d e d  F l o e  t a b u l a t e d  va lue , the  l ine  would no t  be cons ide red  an

a c c e p t a b l e  r ep re s e n t a t i o n  of the  d a t a , and a n o t h e r  l i n e ’  would have to be

t r i e d  u n t i l  an a c c e p t a b l e  f i t  was o b t a i n e d .

32. Once a s a t i s f a c t o r y  l ine is o b t a i n e d , tile LC16 , LC5O , and LC84

va lues  (le ’ t hal  c o n c e n t r a t i o n  to  the  s t a t e d  pe rcen t  of the  samp le)  f o r

t h i s  observation t ime are- read from the graph.  In t h i s  case :

LC I 6  = 30—percent test medium

LC SO = 84—p e r c e n t  t es t  medium

LC84 = 1 2 3 — p e r c e n t  t e s t  medium

33.  The slope’ S of t h e  l ine is then ca lcu la t ed  as :

LC84 LC5O 123 
+ 

84

s = LC5O 
+ LCI6 

= 
84 

-o = 2 . 1 3  (D3)

i .  It is then necessary to determine ~~~~~~
‘ where N~ is the  t o t a l

numbe r - 1  tes t animals repre sented by tile observed data points f a l l i n g

H t~~~~o o n  ih and ~~ percent expected effecLs . In this case , ~~ = 60 ,

~~ ~~~~~~~~ = 7 . 7 5

35 . Tile n e x t  -- t e p  is c a l c u l a t io n  of FLC5O , the  f a c t o r  b y w h i c h

t : , , i ’, S O  i s  n o n i b o u l , o t o ’ d  to  o b t a i n  the  9 5— p e r c e n t  con f idence  l i m i t s

~o O - - - ~~t t b ,  ! S0 .
2.77

FLC5O = (S) = (2.l3)~~~~ 
= (2 . 1 3 ) .36 

= 1.31 (D~ )

w i , r e 2 . 7 7  i s  c o n s t a n t .  l i m e -  e x p o n e n t i a l  c a l c u l a t i o n  can be solved f r o m

L i t c b o f i e ’ l d  and Wi lc o oxu n ’s Nomograph 2.~ The upper  c o n f i d e n c e  l imi t  (U CL)

and lowe r c o n f i d e n c e ’  l i m i t  (LCL) about  the  LC SO at  the  95—percen t  c o r m f i —

denc e -  level are ’ t u e - n de ’termined as f o l l o w s :

UCL = (Lc50)  - (FLC 5O ) = (84%)  ( 1 . 3 1 )  = 1107 (05)

LCL = (LC5O) : ( F ’LCSO) = ( 8 4 Z )  : ( 1 . 3 1 )  = 647. (D6)

36. A c c o r d i n g  to  these  c a l c u l a t i o n s, the  e s t i m a t e  of the  concen—

t r o t  ion of t o s t  material required to kill 50 percent of the test

organisms alter 72—h r exposure is 84—percent test medium. l’hat. is , the

1)16
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calcula ted 72—hr LC5O equals 84 p ercen t , and we can say w i t h  ol~ c’rco -oi t

confidence’ that tue t r u e  7 2 — h r  I.C50 l i e s  between 64— and 1 1 0 — p e r c e n t  t e - st

med ium .

37. The same process is used to calculate theo 96—hr LC5O and i t y

confidenc e limits , as i l l ust ra ted by the open circles and broken line

in Figure Dl and shown i n  Table D3. According to these calculations ,

Table 03 
4

Calc ulation of 96—hr LC5O for Data from Table D2

Percen t Dead! Percent Dead Observed minus Contribution
Dose Tested Observed ~~~~~~ Expec ted

10 2/30 6.7 4.0 2.7 5.019

50 12/30 40.0 42.0 2.0 0.002

100 21/30 70.0 69.0 1.0 0.001

0.022

~ 113

Overall contribution to = 0 . 2 2

df = n-2 = 3-2 = 1 , tabulated ~
2 

= 3.84

LCI6 = 22% test medium

LC5O = 60/ test medium

LC84 = 117% test medium

LC84 LC5O ,llL +LC5O + LC 16 60 22
Sl ope S = 

2 
= 

2 
2 . 3 4

60, ‘VT~° = V ’~S = 7.7s

2 . 7 7

FLCSO = (5) ~~~

‘

~~

‘

~

“ 

= (2 ,34 ) 7 . T h  (2.34).36 = 1.35

UCL = (LCSO) (FCL5O) = (607)  . (1.35) = 81:

I.CL = (LC SO) : ( fL C5O) = (607) : (1.35) = 447

the 96—hr LCSO is 60—percent test medium , and we can say with 95 percen t

confidence that the true’ 96—hr LC50 lies between 44— and 81—percent test

medium .

017

- c- ,. - •~ •~~~~‘ .- -  - , . ~ , - ‘— “ ‘ ‘ -



38. Tile’ LCSO e s t i m a t e s  and their 95—pe rcent confidence limits for

each observation are the’n Plotted against t ime , as in Fi gure D2. This

illustrates the relationshi p of concentration and exposure time causing

SO—percen t morta lit~ in the bioassat-’ and is an estimate of conditions

required to produce a similar effect in the field. To determine whether

thee LPC mi gh t be exceeded in the field , this time—concentration

mor tality curve- is graphically compared to the expected dilution

c u r v e f rom Appendix H (Figure r)2). The’ best available mixing c-st 1—

mate , as described in Section 227.29 of tile Re g i s t e r  and discussed

in Appendix H, should be use d to derive tile time—concentration

re la ti onshi p for dilu tion to be compared to tiie t ime—concentratic>n

mortalit y curve . The initial mixing e xamp le used here’ was taken from

Appendix H, paragraphs 24 through 28. It assumes complete- lack oh

knowledge concerning mixing at the disposal site and utili ze’s a

hypo thetical disposal operation and the arbitrar y mixing colcu l ation

of pa r ag raph 227.29(b)(1) of tile Register.

39. P a r a g r a p hs 227.29(a) and 227.27(a) of the - : o - g i t e - r state’

t h a t  a c o n c e n t r a t i o n  of 0.01 (or o t h e r  f a c t o r )  o o f  t i c  t o x i c  - -on c e - l i —

tra t ion of the l i quid phase shall never be ex ce e d e d be-\’ oo m ld the’

boundaries of the disposal site and may be’ e’xce’e-ded within the’ dis-

posal site only during tile 4 hr following dump ing. The suspended

par ticulate phase is treated similarly, except that the application

factor is not Included and instead tile’ ~~~~iste’r specifies that

“unr easonable  e f f ec ts” are forbidden. To help ensure that such effects

do not occur and for the sake of uniformity of interpretation , it is

recommended tha t the app lica tion factor of 0.01 of the toxic concen-

tration (or other factor as specified in paragrap h 227.27(a)(3)) be

app li ed to suspended particulate as well as li quid phase bioassay

Interpre tat ions.

40. In Figur e D2 , illustrating the data from Table D2, both the’

4—hr and long—t erm requirements of the LPC are met. After 4 hr , the

toxic concentration cannot be precisely specified but is greater than

100 percent of the orig inal suspended particula te’ phase conc en t r a t i o n ,

1)18
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and d u r i n g  i n i t i a l  m i x i n g  tile predicted dilution is by a factor of r n - - r e -

t h a n  1600 , to 0.06 percent of t h e  original suspended particulat e’ ~o imae ~e-

concentration . Since the dilution curve and mortality curve continue-

t o  d i v e r g e , t h e  LPC requirement that a concentration of 0.01 of tile’

t , x i c  c o o n c e ’m l t r a t i o n  shal l  not  be exceeded is met both  at  the ’ end oo f and

b e y o n d  the ’  4 — h r  i n i t i a l  m i x i n g  pe r i od . ‘I ’her efore- , the  h ioass~e\’ w o u l d

be’ c o n s i d e red toe have g iven no i n d i c a t i o n  t h a t  the  m a t e r i a l  m i g h t  p r o —

du o c , i o o y  en v i r onmen tally unacceptable impacts in tile water column .

4 1 .  Fi gure  03 is a hy p o t he t i c a l  case’ i l l u s t r a t i n g  a s i t u a t i o n

Wile ’r e ’ t he  LPC would not  be m e t .  I t  shou ld be emp h a s i z e d  t h a t  a s i t u -

a t i o n  as seve’re as t h i s , bo th  in te rms  of h ig il m o r t a l i t y  and low

dilution , has never been documented f o r  e ’i ther  the ’ l i q u i d  or suspended

p a r t i c u l a t e  phase of dred ged m a t e r i a l .  Tilis h y p o t h e t i c a l  situation is

pure l y f o r  i l l u s t r a t i v e  purposes .  In Fi gure D3 , the  LPC is exceeded

a f t e r  the  4-b r initial mixing period and a t  8 and 24 hr  because’ the

c o n c e n t r a t i o n  p r e d i c t e d  by the d i l u t i o n  curve  is g rea te r  than  0.01 of

tile lower 95—percent confidence limit about the time—concentration

mor tality curve . At 48 hr the LPC is satisfied , since the pre’dicte’d

c o n c e n t r a t i o n  is less t h a n  0 .01 of the  lower 95—percent confidence-

limit about the toxic concentration. However , at 72 hr , tile’ LPC is

again exceeded. Both the 4—hr and long—term considerations of the LPC

mus t be me t to sa t isf y the criteria. Therefore , this  hypo thetical

s i t u a t i o n  does not  meet the  LP C , and if a bioassay gave similar results ,

it would be considered to have shown the  m a t e r i a l  to have a rea l

po tential for causing environmentall y unacceptable impacts in the water

column .

42. Procedures for using tile bioassay an imals to estimate the

po tential for bioaccumulation of contaminants from the liquid or sus-

pended particulate phases of dredged materi al are discussed in

Append i x C , “Guidance for Assessing Bloaccumulation Potential. ”
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A P P E N D I X  E:  GU II ) ANCE FOR PERFORMING L i Q U I D  I’HASE AN I) SUSPENI )ED
PARr  ICULATE PHASE PHYTOPL ANKTON BIOASSAYS

I nt r o d u c t i o n

1. Pa rag raph  2 2 7 . 2 7 ( c )  of the  Reg i s t e r  (see App endix A) includes

“p h v t o p l a n k t o n  or zooplank ton ” as one of the  th ree  groups  of a p p r o p r i a t e

s e ns i t i v e ’  m a r i n e  o rgan i sms  to  be used in b ioassays .  Ph y t o p lank ton  b l o —

assay s  can give i n f o r m a t i o n  on the p o t e n t i a l  a v a i l a b i l i t y  of s t i m u l a t o r y

or i n h i b i t o r y  materials associated with the sediment proposed for

dred g ing . Howeve r , because of the e x t r e m e l y  dynamic  and va r i ab le  n a t u r e

of norma l phy toplankton assemblages and because of the rap id mix ing and

dilution that takes p lac e in the water column , i t is widel y felt t hat

e f f e c ts on phvtoplankton are generally of minima l environmental concern

at ocean sites for dredged material disposal. In addition , phytoplankton

bioassays using the suspended particulate phase- are extremely d ifficult

to conduct and interpret because of interferences and predation on the

test species b~’ indi genous protozoans in the dredged material being

tested . The presence of suspended part iculate’ s signif icantly interfe res

w i t h  the  d e t e r m i n a t i o n  of r o-sponse in many cases , l e a d i n g  to  - i re -co m-

mendation against attempts to use suspended particulate phase phy to—

p l a n k ton bioassa~’s. For t h o se reasons , unless  t h e r e  is p a r t  i c u l i r  con-

c e r n  about  e f f e c t s  on p h y t o p lan k t o n  by the  d i sposa l  o p o - r a t  ~on in  ques-

t i o n , it is reconwiended that zoop lankton , rathe r t h a n  ph y t o p l o i n k t o n ,

b ioassays be emp loyed to fulfill this requirement o o t the e’rit C-ria. ih i s

approach  would generally provide the most useful informa t ion on pot enti al

effects of the disposal being evaluated.

2. If the special circumstances of the e lse warrant a phv t oo —

plankton bioassay , i t is conducted by t’s tablishing ~i series oil treat-

ments and controls using the liquid phase and filt ered disposal s i t e

w a t e r .  The e x p e r i m e n ta l  u n i t s  are then  i n o c u l a t e d  w i t h  t e s t  o r g a n i s m s

and held under a s p e c i f i e d  set of tes t  c o n d i t i o n s  w h i l e  a sampl ing

program is conducted to determine response.

Li



Appa r a t  us

3. The f o l l o w i n g  i t ems  are ’ r e ’qu ir ed :

a. T h i r t y  500—m l E r l e n m e yer  f l a s k s  made ’ ol P y r e x  or K i m &- x

g l a s s .

b .  P l a s t i c  beakers  or  s t a i n l e s s  s t e - e l  caps to cover  the 500—mi

E r l en m e v cr  f l a s k s .

c. F a c i l i t y  f o r  g rowing  al gae at constant temperature , illumi-

nation , and s h a k i n g  r a t e .  Any incubator that allows temperature control

within ±2°c~, light intensity of approximately 1100 to 1500 ,w/cm
2 

using

cool—white flourescent bulbs , and a shaking rate’ of 110 rpm will suft ice .

d. Equipment required for evaluation of response . Require-

ments will depend on whether cell counts , C’4 uptake , produc tivity, or
1 2 3c h l o r o p h y ll  values are ’  the  responses to be measured .  ‘

Species  S e l e c t i o n

4.  Ph y t o p l a n k t o n  should be co l lec ted  f r o m  ~he d isposa l  s i t e  and

i so l a t ed  i n t o  axenic c u l t u r e s  f o r  use in the b i ou s s a y s  when t h i s  is

permitt ed by p r a c t i c a l  c o n s i d e r a t i o n s  and the  e x p e r t i s e’  of the  exper i -

m e n t e r .  O the rw ise ’ , the  species  l i s t e d  in the  f o l l o w i n g  t a b u l a t i o n  are

reconwiendcd and may be purchased f o r  l a b o r a t o r y  c u l t u r e  as i n d i c a t e d .

Methods  b r  c o l l e c t i n g  and c u l t u r i n g  al gae are  g iven in “Standard

M, thods b o o r  t l u -  E x a m i n a t i o n  of W a t e r  and W a s t e w a t e r , ” ’ “Bioassay  Pro-

c e d u r e s  for the Ocean Disposal Permit Program ,”
2 

and “Marine Algal

Ass ,i, Proced ure : Bottle ‘lest

_____ 
Species  

______ 
Source

,‘~
‘. ~~ 4 “, sp .  USEPA E n v i r o n m e n t a l  Research Cen te r

C o r v a l l i s , Oregon 37330
or

l;SEPA Environmental Research Centyr
Narraganse tt , Rhode Island 02874

- . - . ,e” ( M i l f o r d  “C ”) 819 Depar tmen t  of Botany
- ‘

~~ ‘lo t ,lli sp. 1269 Culture Collection of Al gae
— T ’~ ~. -! ‘HIti ”- sp. 637 I n d i a n a  U n i v e r s i t y

Bloomington , Indiana 41701
‘
~~ ~~~~~~~~~~~ sp. 1269 I SEPA Environmental Research Center

Narragansett , Rhode Island 02874
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Sarnp l t - ( o l l e c t i o n  and P r e s e r v a t i o n

5. Scd inS-lit and w , i t o - r  samp les are co l lec ted  and s tored  and the

I ~u id plcc-ot ’ (or  suspended p a r t  i c u l a t e  p hase)  is p repared  as d e s c r i b e d

i n  A p p e n d i x  B , “ Dred ged M a t e r i a l  Samp le C o l l e c t i o n  and P r e p a r a t i o n . ”

E x p e r i m e n t a l  C o n d i t i o n s  (Li quid or
Suspended Par t  i c u l a r e  Phase)

Pr o c e d u r e - s  f o r  t h e  al gal assay f o r  mar ine  d isposal  s i t e s  a re

s i m i l a r  t o  t ho se  desc r ibed  in Re fe rence ’  3. This reference gives details

ot  the p r o c e d u r e  and r a t  ionale  and mus t  be used in conj unc t ion  w i t h  the

gu id , i i i c - e p r o v i d e d  here-.

7.  Grow s tock  algal  c u l t u r e s  in synthetic nutrient medium. 3 Start

new c u l t u r e s  each w e e k  by t r a n s f e r r i n g  0.5 ml of a one—week—old c u l t u r e

to 100 ml of f r e s h  med ium us ing asep t ic techn ique . Grow stock culture’s

at approximatel y 18—20°C under con t inuous  coo l—whi te  f l o u r e s c e n t  li ght-

ing at an intensity of approximately 1500 pw/ cm2 and shake continuously
at 110 rpm . If shaking tables are not available , swirl all flasks at

regular intervals at least twice daily. Acclimation of the stock algal

c u l t u r e s  should beg in at least two weeks p r i o r  to the ’ a c tua l  t e s t .

Salini ty of the test water should be approximatel y that expected at the

disposal sitc. If test species are not maintained at the prope- r salini-

ty, they should be transferred to medium of appropriate salinity follow-

ing procedures for adjusting salinity given in Referenc e- 3. The concen-

tration of nutrients in the growth medium should be reduced to 20 per-

cen t of the stock growth medium during the acclimation period. The

algae should also be ;n-climated to the temperature given in paragrap h 10

of Append ix D. The rate’ of temperature’ change should  not e x c e e d

every 24 hr. Photoperiod should be 14 hr dark and 10 hr light during

the acclimation period .

8. Use- 500—mi Erlenmeyer flasks covered with beakers or stainless

steei caps for culture vessels. Wash all gla ssware wi th nonphospha te

detergent , rinse with tap water , p lace’ in a clean 10—percent HC1 acid

bath for a minimum of 4 hr , and then rinse five t imes with distilled

Wa I c r .
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E x p e r i m e n t a l  I’rocedure

9. E s t a b l i s h  t r e a t m e n t  levels us ing  the  l i q u i d  or suspended

p a r t i c u l a t e  phase , d i sposa l  s i t e  w a t e r , and an in oculum of the t e s t

o r ga n i s m  to produce ’ o t o t a l  li quid volume of 100 ml in 500—ml E r lenmeye r

f l a s k s  when ce-li counts  are the  pa ramete r  of interest. A greater

volume w i l l  be r e q u i r e d  f o r  some of the t echn i ques r e q u i r e d  f o r  measur-

ing other responses , such as C 14 
up take or c h l o r o p h y l l .’’ 

2, ~ Establish

at l eas t three  rep l icates of each of the following treatment levels and

controls:

Percent Percent

!4~~
id Phase Disposal Si te  Water

100 0
50 50
10 90

Controls: 100—percent disposal site water
100—percent synthetic algal grow th medi um

10. Inhibi tion of growth could be the result of lack of required

n u t r i e n t s  or the availability of toxicants. As an aid in determining if

toxic  chemicals  are avai lable to the ph yt o p lankton f r o m  the liquid or

suspended par t icula te phase being tes ted , nutrient additions are useful.

A d j u s t  the  c o n c e n t r a t i o n  of a s tock  s o l u t i o n  of g rowth  medium such t h a t

when 1 ml is added to the fo l l ow ing f l a sks , the’ fin al concentration of

t he  n u t r i e n t s  in each f l a s k  is equivalent to 10 perc ent of the’ stock

growth medium. The following treatments should receive nutrient addi-

tions :

Percen t Percent

~~ quid Phase Disposa l  S i t e  Wate r

100 0
50 50
10 90

C o n t r o l :  100—percent  d i sposa l  s i t e  w a t e r

Also , establish a set of control flasks that contain onl y 10 pe rcen t

of t he’ nutrients of the stock growth medium.

11. Prepare  the  inocu lum by c e n t r i f u g ing and wash ing  s tock

E4



cul ture’ c’ells with s t e - r i l e  a rt i f  i c i a l  s e a w a t e r  of appropriat e salinit y

without nutrients. Adjust the- inoculum ce-li concentration by dilut ion

wi th ste’rile se awater ; then p i pette’ the inoculum into the ic-st water to

gi’~’e- a starting concentration in the  t e s t  w a t e r s  of 1000 c e l l s  per m l .

12 .  D i s t r i b u t e  the  f l a s k s  randomly i n  i n c u b a t i o n  c h a m b e r s .  Set

the temperature at the level g iven in pa ragraph 10 of A p p e n d i x  1) (±2 °C ) ,

li gh t ing intensity at approximatel y 1100 to 1500 -w/cm
2 

using cool—

whi te flourescent bulbs on a 14 h r  dark  and 10 hr  li gh t  p h o t o p e r i o d ,

and the shaking rate at 110 rpm throughout the assays. Test salinit- ,-

should be approxima tely that expected at the’ disposal site. I t is

impor tant that all test containers are exposed to the same coioo’Ii tions .

Continue the assays until the maximum cell number occurs in each treat-

men t level. This does not necessarily occur  on the same day f or each

treatment . Cell numbers can be used to determine ce-il volume’ as d c—

scribed in Reference 3 and are a suitable method for reporting re-suits

and comparing effects among treatment levels.

13. Determino- the effe’ct of the te’st solution on the algae by

c o m p a r i n g  the response in  the  con t ro l s  to  t h a t  in ti l e - flasks containing

the test solution . This may be done by compar ing  cell  coun ts , ce-Il

volume , C’4 up take , ATP levels , or c h l o r o p h y ll v a l u e s . Pr oced ures f o r

these methods  for  m e a s u r i n g  a lgal  response may be found in R e f e r e n c e s  1 ,

2 , and 3. Whatever method of measurement is chosen , observations

should be made at 24—hr intervals .

14. The diffe-rences measured (e.g., cell  coun t s) can be compared

at d i f f e r e n t  t imes d u r i n g  the  b ioassay  depending upon tile t\ -p e ’ of

informa tion needed . The maximum standing cr op can be- compared wile-n

controls and treatments have re-ached the- maximum biomass. This param-

eter Is hel p ful in predicting total effects in situations where there

is conc ern that frequent use of the disposal site may affec ’ water

quality for extended periods of t ime . Shorter term effects can be’

compared by calculating tI n - maximum specific growth rate 3 between the ’

controls and e xperimental treatments. Additional information about

potential short—term effects can be gained by comparing the measured

ES
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parame ter at daily intervals during t h e  b ioassay . If  t h e r e ’  is a lag in

t h e initiation ot  growth , c o m p a r i n g  d a i l y measuremen ts w i l l  show th i s

and could  m d  i c , l t e - s h o r t — t e r m  p rob lems . For examp le , i t  is conce ivab le

t h a t  (lie control and expc-riment al c u l t u r e - s  w i l l  all r e a c h  the-  same

maximuni  biomass , but  t h e i r  r a t e  oi a t t a i n i n g  t h a t  biomass may v a r y  be—

cau~- e - co t d i t f e r e n ce ’s  i n  t i le  onset  of r ap id  g r o w t h  or different maximum

s p e c i f i c  g r o w t h  r a t e ’s .

Data Anal s and Interpr ct~it ion

15. Ph ytop lankton bioassay data are’ analyzed in the manner de—

scribed for animal  bioassays in tile’ “Data Analysis and Interpretation ”

s e c t  ion of Appendix  1). The single diff erenc e is that in pliy toplankton

b ioassa v s , bo th  increased and decreased responses in  t h e  t e s t  medium

relative to the controls (stimulation and toxicity) are potentially of

interest. There-fore , the calculated t—value is compared to the tabulated

value at the 0.05—probability level f r o m  a “two—tailed” or “sign— ignored”

t a b l e , rather t h a n  a “o n e — t a i l e d ”  or “s ign—considered” table .

16. h u e’ interpretation of phytoplankton bioassay results must

consid er mixing and dilution , and it must be determined whether the

limi ting pernissible concentration (LPC) would be violated if t i le pro-

posed disposal occurred . This is also done by the method presen ted in

the  “D a t a  A n a l y s i s  and Interpretation ” section of Appendix D. In t h e

case’ of phytoplankton , it is the effective concentration to 50 percent

of t h e  samp le (EC5O), rather than the lethal concentration (LC5O), that

is c,ilcul,-ited . lhi e ’ method of calculation is exactly tile same and only

ti le l et  it ion i s  changed .
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API’h-:NDIx F~ G U I D A N C E  FOR PERFORMING SOLID PHAS I - . B I OASSAYS

In troduction

1. This  bioassay of appropriate sensitive benthic marine organ-

isms c-an aid in assessing the potential environmental impact of the

solid phase of dredged material proposed for ocean d isposal  and a c t s  is

an indirec t indicator of chemical toxicity of t h e  sediment. It provide’ s

expos ure! conditions approximating those that would be experienced by

animals living near the  b o u n d a r i e s  of t h e  d i sposa l  s i t e .  Several  b e n t h i c

species are- allowed to establish themse lves in an a p p r o p r i a t e -  r e f e -r e n c -

s e d i m e n t  and are then  covered w i t h  a l ay e r of the  dred ged m a t e r i a l  b e i n g

e v a l u a t e d .  Surv iva l  in the dred ged ma terial relative to  t h a t  in the’

r e ’f e r en c e  sed iment  c o n t r o l  is used as t h e  p r i m a r y  b lo t  i c  r e s p o n s e -

cr it er ion .

2. The objective’ is to dete rmine the potential impac t  o l  the

so l id  phase on benthos at and beyond the- disposal site boundaries. The

concept of a disposal site implies that conditions within that site- may

be adverse , bu t that conditions beyond its boundaries cannot he.

There-fore , this bioassay does not dup licate the depths of se’dime’nt

deposition that ma\’ cover animals directl y under t h e  disposal vesse l ,

bu t  r a t h e r  it a p p r o x i m a t e s  t h e  condi t ions f ound wi th in  or a t  t h e ’ dis-

posal  s i te ’  b o u n d a r i e s .  The b ioassay  is de’si gned to  d e t e r m i n e  w h e t h e r

a biological tH e -ct is l i k e l y ,  bu t  t he  b i o a s s a y  c a n n o t  be used to d e t e ’r —

mi ne’ the cause of the observed effects. Indeed , if an ,idv erse- effe ct

may occur outside’ the disposal iit e , it matte’rs li ttle from a regul atory

viewpoin t whether that effect is due to the’ physical  pr esence of the

sediment or is due to some chemical constituent(s) associated with the

sediment carried beyond the site. Therefore , i t  is impor tan t to rea l i z e

that this benthic bioassay measures the total impact ot t h e  dre’dged

mat erial . That impact may he’ due tel an ur,re’ceign i zed pollutant or to tin ’

synergi stic effects oh many pollut ants , none of which lrav have an cx—

c(’ptlonally elevated conce’ntration . At thc pre sent te chnical state—of—

F I
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the—art , it is not possible to determine by any known chemical analysis

which p o l l u t a n t ( s )  nay be the causa t ive  a g e mc ( s ) .

~~L~~~~~um Sys ten

3. The exact dimensions of the test aquaria are not critical ,

bu t their  bo tt om area should no t be less than 1000 cm
2 

nor their  volume

less than 20 i. Standard 10—gal (37.8—i) all—g lass aquaria 26 cm wid e,

51 cm long , and 31 cm deep are satisfactory . Five aquaria will be

needed for the ce-atrols and for each dred ged ma ter ial samp ling si te

tested.

4. Filtered seawater of approximately the same tempera ture ,

salinity , and dissolved oxygen as the water near the bottom at the dis-

posal si te should flow in to each aq uari um a t a ra te tha t wil l  rep lace

the aquarium volume at least once every 4 hr. The flow should be di—

rec~ ed to achieve good mixing without disturbing a layer of sediment on

the aquarium bottom. Water leaves the aquarium through a p e r f o r a ted

stand pipe covered with a 0.5—mm nylon screen . If a continuous—flow

seawa ter sys tem is no t available, animals can be tested in static water

aquaria provided that 75 percent of the seawater volume’ is rep la ced 1

and 48 hr after the test is begun and at 48—hr intervals thereafter.

The f r eq uency of chang ing shound be increased if the control animals

appear stressed.

Collection of Sediments and Test Organisms

5. Collect sediments , water , and tes t spec ies f rom the f i e ld  w it h

an appropriate benthic sampler such as the Smith—McIntyre or Van Veen

gr a b . Sedimen t should be p laced in clean nonm etal l ic  containers and

maintained at 2 to 4°C f rom the time of collect ion un til the bioassay

begins. Sediment samples mus t never be frozen or dried. Detailed

guidance for collection of sediment and water samp les is g iven in

Ap ioe’ndix B. The bioassay must be initiated within two weeks after the

sed iment and faunal collections . Field—caught test species and the

r”tere’nce sediment must be obtained from an uncontaminated area in the

‘,- i t  ini ty of the disposal site. This re-b e’re-nce- sediment must have sedi—

- ~ ‘ -h o g ie;i l characteristics similar t o  the  disposal  s i t e ’  and should
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be an approximation of the sediment that would be found at the disposal

site if no disposal had ever taken p lace there. In the likely event

tha t sedimen t cond it ions vary subs tant ially within the proposed dredging

site , sediment samples from more than one location must be tested. Thus ,

the bioassay will include at least two and probably more trea tmen ts ,

i.e. , the r e f e r e n ce subs tra te con trol and sedimen ts f rom one or more

loca t ions wi thin the dred ging site. Five replicate aquaria are es-

tablished for each treatment , including the controls.

6. The quantity of sediment needed for the bioassay is dependent

on the siz e of the tes t aq uar ia , as discussed in paragraph 3. A 30—mm

layer of reference sediment is placed on the bottom of all replicates

of all t r ea tmen t s , including the controls . A 15—mm layer of tile dred ged

mater ial  in question is placed on top of the 30—mm reference sediment

layer in all test rep licates , bu t not the controls. An additional 15—mm

layer of the refere’nce sediment is placed on the controls. Sediments

f o r  a s ing le treatment should be mixed to ensure homogeneity, and al iquots

taken for ti le bioassay aquaria. If standard 10—gal aquaria are used , a

minimimum of 4.5 of reference sediment and 2.5 ~. of dred ged material

should be collected for each aquarium .

Species Selection

7. Solid phase bioassays must  be conducted w i t h  a p p r o p r i a t e -

sensitive benthic marine organisms . Paragraph 227.27(d) of the  ~~~ 4st~~~
(see Appendix A) defines this to mean at leas t  t h r e e ’  species , c o n s i s t i n g

of one filter—feeding , one deposit—feeding, and one burrowing species.

These are broad overlapping general categories and it is recommended

that the species be selected to include a crustacean , an infaunal bivalve ,

and an infaunal polychaete . Infaunal amphipods seem to be among th e mos t

s e n s i t i v e’  c r u s t a - e- ; l i , s  and , for  t h i s  reason , are among the p r e f e r r e d

organisms for solid phase bio~0ssays. All solid phase b ioassays  shou ld

include a speci e-s of mysid shrimp of the genus ~~~~~~~~ or

l’his will provide an internal standard in all bioassays and form a basis

for quality assurance in the regulatory program.

8. ‘the’ sensitivity of thus and all bioassays is dependent

F’ 3



1)20

pr imarily on the selection of appropriate species. If at all poss ib le ,

the tes t species should be collected f rom the area in which  the ref erence

substrate is collected. They should be the same species or closely

related to those species that naturally domina te ben thic assemblages in

the vicinity of the disposal site in the season of the proposed operation .

Experience has shown that with reasonable care , i t is poss ib le  to collect

test organisms from wild popul at ions and ma in tain them under con trol

conditions with low mortality. However , a pre l iminary  study of the

ability of field—collected test organisms to acclimate to laborator’,-

conditions is highl y desirable.

9. If it is not practical to use the dominant species collected

from near the disposal site , test species may be selected from Table Fl

if they are chosen so that insofar as possible they are related phy lo—

gene tically and/or by ecological requirements to the dominant appro—

pr iate sensitive benthic marine organisms expected in the area of the

d isposal site at the time of the proposed operation. Species are not

listed in Table Fl in any order of pr eference or desirability. Com-

mercially impor tan t organi sms f rom the v icini ty of the disposal  site

nay also be included if desired. The considerations of par agrap h 7

must be kept in mind when selecting solid phase bioassay species from

any source.

10. This solid pha se bi oassay uses f i v e  species , each represented

by 20 ind ividuals , in each replicate aquarium . It is recommended that

j uveni le  f orms, particularly of molluscs and large crustaceans , be

utilized because of their generally greater sensitivity than adults.

The we t weigh t o f ind ivid ual tes t spec imens should no t be grea ter than

3 g. Molluscs are often most useful in bioaccumulation studies but

should he less than 2 cm long i f used in bioassays . To avoid predation ,

it probably will be necessary to conduc t the bioassay with potential

predator and prey species isolated from each other. The identity of all

test specie’s should be verified by experienced taxonomists . If tile bio—

a s say  a n i m a l s  are also to be used in estimating bioaccumu latlon potential ,

spec ies selection should conside r the tactors discussed in paragraphs

F4
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5, 6, and 7 of Append ix C, “Guidance for Assessing Bioaccumulation

P o t e n t i a l .”

11. Test organisms should be collected from the region of the

disposal site or cultured in the laboratory . If the organisms

are collec ted f rom the f i e ld  wi th the r e f e rence subs tra te , grab samples

for faunal collections should be gently sieved through a 1.0—mm screen ,

and the animals placed in buckets containing a 2— to 3—cm layer of sedi-

ment and several litres of seawater. Whatever the source of the animals ,

collection and handling should be as rapid and gentle as possible.

12. Transportation to the laboratory should be in well—aerated

water from the collection site in which the animals are held at the

temperature and salinity from which they were obtained. Benthic animals

should be held in the laboratory in aquaria in which approximately 30 mm

of reference sediment has been placed . This sediment should contain no

other animals and should be f rom an uncon tamina ted source similar to

the disposal site in sedimentolog ical characteristics. Animals should

be held in the laboratory f or no more than two weeks be fo re  bioassays

are begun . During this period they must be gradually accl ima ted , if

n e c e s s a r y ,  to the salinity and temperature at which the bioassay will

be conducted.

13. Methods for collecting , handl in g ,  acclima t ing , and s i z ing  bi o-

assay organisms g iven in “Bioassay Procedures for the Ocean Disposal

Permit Program ,”
1 
and “Standard Methods for the Examination of Water

and Was tewa ter ”
2 

should be followed in all matters for which no guidance

is given here .

Experimental Conditions

14. Solid phase bioassays should be conducted at a salinity approxi-

ma t ing tha t exp ected a t the d i sposal si te in the season of the proposed

operation. Water collected from the disposal site should be used if at

all possible . Otherwise uncontaminated seawater , or an artificial sea

salts mixture such as that given on page 32 of Reference 1 , of the

proper salin ity may be used . Experimental temperature should be held

stable within ± 1°C of a temperature approximating that expected at the
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disposal site in the season of the proposed operation. Recommended

experimental temperatures are given in the following tabulation on a

seasonal basis for various zoogeographic areas.

Test
Temperature , °C Zoogeographic Areas
Summer Winter CE Division EPA Reg ion

20 5 ‘ New England I
Nor th  A t l a n t i c  11*

I I I

25 12 South A t l a n t i c  IV
Lower Mississipp i Valley VI
Sou thwes tern

10 10 North Pacific X
South Pacific IX**

25 25 Pacific Ocean IX**

*Puerto Rico and Virg in Islands are in EPA R e g i o n  IT ,
but should use temperatures recommended for Reg ion IV .

**Mainland portions of Region IX should use South Pacific
Division temperatures; Pacific island por t ions of Reg ion
IX should use Pacific Ocean Division temperatures.

Bioassay Procedure

15. The reference substrate , and perhaps the dred ged material being

tested , may initially contain live organisms of the same species to be

used in the bioassay . These must be removed by wet sieving the sediment

through a 1.0—mm screen using the smallest amount of seawater  poss ib le .

The water  and sediment  must  all be retained in a settling container.

Place the material retained on the screen in a sorting tray, remove the

animals , and return the remainder to the settling container. Allow the

sediment to settle for 6 hr , decant the seawater without disturbing the

sediment s u r f a c e , and then mix the sediment  to ensure homogeneity. The

an ima l—free  dredged ma te r i a l  is then returned to its storage containers

and held und er the conditions specified in paragraph 8 of Appendix B

for approximately 48 hr until needed. The animal—free reft ,’rence sed i—

ment Is used at once as described in the following paragraph . It is

recognized that the screening and sedimentation proc edure described in

F7
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t h i s  paragraph may result in some alteration of the biological

ava ilability of any contaminants present. Although the degree of

al teration is unknown , its influence on test results is felt to be

m i n i m a l .  This  is the least d i s rup t ive  method by which the necessary

t ask of removing indigenous animals from the sediments can be ac-

complished. 
-

16. Partially fill each aquarium with seawater and then add enough

refer ence sediment to produce an even 30—mm layer on the bottom. After

1 hr turn on the seawater and allow it to run for 2 hr before any

animals are added . In a static water system , the seawater is replaced

alte r the 30—mm layer of reference sediment has settled for 1 hr , being

careful not to resuspend the deposited material .

17. While the reference sediment is settling in the test aquaria ,

sed iments  in the animal—holding tanks can be gently siphoned and sieved

through a 1.0—mm screen to recapture the test organisms . The utmost

care should be taken when handling any of the animals to avoid damaging

the organisms . Discard any animals that are dropped or physically

abused during the transfer. References 1 and 2 provide instructions on

handl ing  and t r a n s f e r  p rocedures .  Specimens of each of the f ive species

are randomly d iv ided  among f i n g e r  bowls equal in number to all aquar ia

in the bioassay . Each bowl will contain 20 individuals of each species.

After the water over the reference sediment has been cleared as describ-

ed in paragraph 16 , the test organisms are released from the bowls to

t h e’ aquaria and allowed to acclimate for 48 hr. In a static system ,

75 percent of the water in the aquaria may be replaced 24 hr after the

animals are introduced .

18. During the acclimation period , dead specimens can be removed

f rom the tes t  aquar i a  and rep laced with healthy individuals. It is

difficult to determine the exact mortality of infaunal species without

disturbing the sediment layer. However , if apparent mortalities exceed

10 percent  of the  seeded specimens of any species , t h i s  t es t  must be

discontinued and a new one begun. Species selection , collection , and

holding techniques must then be reexamined in an effort to reduce

F8
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p r e t e s t i n g  m o r t a l i t y  in the new t e s t .  The b ioassay p rocedure  assumes a l l

the original animals are alive when the dred ged material is introduced ,

and any undiscovered dead animals in the r e f e r e nc e  sed iment  w i l l  there-

fore give a false impression of the effects of the dredged mater ial.

19. After the 48—hr acc l ima t ion  per iod , the a n i m a l s  should ba

es tab l i shed  in the r e f e r e n c e  sed imen t .  The dred ged m a t e r i a l  i s  d i v i d e d

in to a l i quo ts su f f ic ien t to prod uce a 15—mm l ayer  on top of the 30—mm

reference sediment layer in the test aquaria. An additional 15—mm layer

of r e f e r e n c e  sediment is placed on the controls. The temperature of the

sedimen t aliquots must, be approxima tel y that of the seawater in the

aquaria. Turn the water off and remove a seawater volume sli ghtl y greater

than the dredged ma te r i a l  volume to be in t roduced .  T rea tmen t s  must  be

randomly assi gned to the aqua r i a .  Each bioassay wil l  cons is t  of f IVI-

ali quots  of cont ro l  sediment and f i v e  aliquots  f rom each sampl ing  s i te

w i t h i n  the proposed dredg ing area. The 15—mm layer is deposi ted by

evenl y d i s t r i b u t i n g  the  sediment ali quot  over the  wa te r  s u r f a c e .  Many

sediments  can be poured onto the su r face  i f  t hey  are mixed w i t h  ,o smal l

volume of seawater .  Some c rus taceans , such as m y s i d  s h r i m p , w i l l  not

survive the  physical  d i s rup t ion  of the sedime ,t a d d i t i o n  and mus t  ~-e

p laced in the aquaria immediately after the test sediment addition .

A f t e r  al lowing 1 hr fo r  s e t t l i n g ,  the  seawater is turned on igain . In

a s t a t i c  water  system , 75 percen t  of t h e  seawate r  is rep laced I and 48

hr a f t e r  the 15—mm sediment  aliquot  is added and a t  48—hr i n ter v a l s

t h e r e a f t e r .

20. The bioassay continues for 10 days , during which daily r eco rds

should be kept of obvious mortalities , formation of tubes or burrows ,

and unusual behavior patterns , Daily levels of salinity, temperatur c- ,

and dissolved oxygen content of aquaria water should be reported.

Gent l e  ae ra t ion  or increased f l o w  ra te  should be used to  keep d isso lved

oxygen concen t rat i on  above 4 ppm un less  t h e r e  are r e l i ab le  da ta  to

indicate that lower dissolved oxygen levels would occur for a sub-

stantial period of t ime in the field during the ~roposed disposal opera—

Lion or that lower levels occur naturall y at the site.
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21 .  A f t e r  10 days , t u r n  o f f  the f l ow of w a t e r  and si p hon the  sedi-

men t s  t h r o u g h a 0.5—mm screen. Mix the material retained on the screen

wi th some seawater and search it thoroughly f o r  an imals .  Cons id 0 - -r

animal s a l ive  if they show any respon se to gentle probing of a sensitive

p a r t .  S u b l e t h a l  e f f e c t s  such as p a r t i a l  para l ysis  should also be re-

corded . For many b e n t h i c  species , an app rop r i a t e  sublethal response

c r i t e r i o n  is the i n a b i l i t y  to b u r r o w  in sed iments  or to excavate burrows .

Specimens not recovered must  be considered dead.  All c rus taceans  molt

at regular  in tervals, shedding a comp lete exoskeleton. Care should be

taken not to count an exoskeleton as a dead animal . Dead animals nay

decompose or be eaten between observations. Therefore , always count

l iv ing,  no t dead , animals. A sample of recovered specimens not needed

fo r  further analysis should be preserved in formalin if needed for

verifica tion of species identification. If animals from the bioassay

are to be used in estima ting bioaccumula tion po ten t ial , the surv ivors

should be gen t ly and rapidl y coun ted and trea ted as discussed in

Appendix L , beg inning with paragrap h 12.

~~~~~y s is  and i n t e r p r e t a t i o n  of R e s u l t s

2 2 .  A c c o r d i n g  to  Section 227.13 of the Res i s te r , dredged material

can ~c considered environmentally acceptable for ocean disposal only if

bioas say and mixing ro-su lts indicate that the limiting permissible con-

cen tration (1,I’C) will not be exceeded (Section 227.27). The primary

objective of the bioassay is to determine if there is a statistically

si gnifi cant d&’cri,- ase in mean survival of all species in the dredged

material treatment(s) relative to the control.

23. It is important to reali-~e that a statisticall y s i g n i f i c a nt

eff ect in a bioassay does n ot necessar i ly imp ly that an ecologically
i m p o r t a n t  impact would occur in the field. This must be kept in mind

when interpreting results , particularl y in cases where a difference of

small magnitude between survival in the control and test sediments is

shown to be statisticall y si g n i f i c a n t .  At present there is no quanti-

tative method for estimating the magnitude of such a difference that

m i ght re liabl y be assumed to predict the occurence of adverse impact on
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animals in the f i el4 . However , t here is a general fee l ing  among many

scien t is ts tha t d i f f e r e n c e s  be tween con trol and t rea tmen t survival  of

10 pe rcen t  are necessary in most cases b e f o r e  p r ed i c t i ons  of

p robab le  impact  can be made . Of course , regardless of the magn i tude

of the d i f f e r e n c e  between mean survival  levels , if  the means are not

shown to be s t a t i s t i c a l ly d i f f e r e n t , they must  be regarded as equa l .

24. The statistical example given later analyzes total mortality

of all species. The s e n s i t i v i t y  of th is  p rocedu re  may be increased , i f

des i red , by b lock ing  the da ta  on species using the method g iven in

Table 11.7 on page 327 of Sokal and R o hl f .
3 

Survival of indiv idual

species  can be anal yzed by the same s t a t i s t i c a l  t e s t s  as the combined

s u r v i v a l  of al l  f i v e  tes t  species . The re la t ive  s e n s i t i v i t y  of the

d i f f e r e n t  spec ies  could r e f l e c t  phy logenetic suscep t ib i l i t y  to c e r t a i n

t o x i c a n t s .  if  d i f l o r o n v t ’ s  in mean survival  are not  si g n i f i c a n t , anal ys i s

of s u b l e t h a l  r~- s j c o n s t - s  such as paralysis , i n a b i l i t y  to burrow , or b i o —

accumulation may ic1’ ~~~c - , l t c’ potentially 07lnacceptable impact. Such responses

may also hi’ aiii l ’ - ’ud by the statistical method presented below .

Data  presentation

25. Present data in a table giving the scientific name of the test

species , the number ol animals  seeded , and the percent of animals re-

covered alive from each aquarium . If greater than an average of 10—

p e r c e n t  m o r t a l i t y  occurs in the  controls , al l  d a t a  must  be d i sca rded

and the experiment repeated. The 10—day test period represents a major

portion of the life span of some species such as mysid shrimp , and unless

the  t e s t  is begun w i t h  juveni les , m o r t a l i t y  g r e a t e r  than  10—percent  may

be expected from natural causes. Unacceptably high control mortality

indicates the presence of important stresses on the organisms other than

the material being tested , such as injury or disease , stressful physical

or chemical conditions in the test containers , improper handling or

acclimation , or perhaps an adverse impact f rom an unsuitabJi’ or contami-

nated reference sediment .

26. if less than 10—percent mortality occurs in the controls , the

data  may be evaluated . It is possible  t h a t  the  solid phase of some
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dred ged materials will produce no mortality, and total survival in the

dred ged material may be €-qual to or higher than survival in the reference

s u b s t r a t e  c o c c i t r o l s .  I f  so , v i sua l  i n s p e c t i o n  of t h e  data  is adequa te ,

and no statistical analyses are needed. Such cases have been docu-

mented and in no way reflect on the qual i ty of the bioassay , simp ly

indica ting an absence of lethal effects of the dredged material.

St a i t  analysis

27. If survival in the reference substrate control is higher than .

that in the dred ged material , the data must be compared statistically.

Th e f o l l o w i n g  examp le is a hypo thetical case in which dredged material

f r o m  t h r e e  samp l ing  stations in the dredg ing site were analyzed , giving

a total of four treatments including the reference substrate. The

hypo thetical data are shown in Table F2.

Table F2

Hypothetical Results of a Solid Phase Dredge Material
Bioas say U sing Thr ee Samp les of Dredged Material

Total  Surviv ing Animals ,
R e p l i c a t e  Dredged Mater ia l  Samp l o
(n = 5) Control 1 2 3 

-

1 85 71 94 79

2 90 67 88 72

3 92 69 94 83

4 96 61 90 67

S

sum of :ata = = 455 352 459 378

me an , X = ~~~~~ = 91.0 70.4 91.8 75.6

sum of squared data  = ZX 2 = 41 ,469 25 ,068 42,16S 28 ,732

corrected sum of squares ,
2 ~ZX~ 2CSS = — = 64.0 2 8 7 . 2  28 .8  155.2

variance , S
2 

= = 16.0 71.8 7.2 
- 

38.8
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28. An analysis of variance (ANOVA) is used to compare the  mean

survival in the reference substrate control to the mean survival in the

dredged  m a t e r i a l  samp les . In cases where  i t  is f e l t  t h a t  a d e q u a t e  in-

f o r m a t i o n  may be o b t a i n e d  f rom one sampling station in the dredg ing site ,

tile data may be ana lyzed  by a t — t e s t  analogous to t h a t  d i s c u s s e d  in

par ag raph s 19 through 26 of Append ix 0.

29. Before an ANOVA can be performed , it is nec€ ’s sar v  t o  d e t e r m i ne

w h e t h e r  the  va r i ances  of the  da ta  sets  a re  homogeneous . This  is d o L o r —

min ed by Cochran ’s test for the homogeniety of variances. The C—value

is calculated as the ratio of the largest v a r i a n ce  to  the sum of a l l

v a r i a n c e s .
Smax 71.8

C = 
2 

= 
133 8 

= 0.5366

whe re

s
2 

= largest  var iance among the data  -setsmax
= sum of all the var iances

30. This C—value is evaluated by comparing it to t h e  t a b u l a te d

C—valu e given in the table that is Enclosure 1 to Appendix D. In t lit

table , k is the number of treatment variances summed in t h e  denomina-

to r  (4 in t h i s  c a s e ) ,  and a is one less t h a n  the  number  of o b ser ~- a —

tions contributing to each variance (5 — 1 = 4 in t h i s  c a s e ) .  T h e r e—

fo ro- , the  tabulated C—value in this examp le is 0.6287.

31. Since the calculated C—value is smaller t h a n  the  t a b u l a t e d

C—value , the calculated value is not significant at the 9 5— p e r c e n t

confidenc e level , and the var iances nay be considered homogeneous. If

the calculated C—value is larger than the tabulated C—value , thi-

variances are not homogeneous. In this case beloro any ANOVA calcula-

tions are performed , a transformation should be performed on all data

in order to achieve homogeniety of variances. Th is may b~’ done by

obtaining either the natural logarithm of ( X + 1 ) ,  or t h e  a r c s i n

1i ’
~, where X Is the datum. If the arcsin ~7 t r a n s f o r m a t i o n

is to be used , the data must first be converted to percents and ex-

pressed as decimal fractions (i.e., 0.92 survIval , not ~)2 pe rca-n t
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survival). Recalcula te t h e C—value using data transformed by either of

these methods. If variances are now found to be homogeneous , use the

transformed data in all ANOVA calculations . If variances are still non-

homogeneous , an approximate test of the equality of means given by Sokal
3

and Rohif in their Box 13.2 should be used.

32. ANOVA equations and calculations for the data of Table F2 are-

given in Table F3. The values on the third line of the table (total.)

should be the sane whe ther they ar e calculated by the equation or ob-

tained by summ ing the corresponding treatment and error values , thus

providing an easy means of checking the accuracy of the calculations.

The calculated F—value is evaluated by comparison wi th the tabula ted

F—val ue from Reference 4 at the 0.05—probability level with the appro-

pria te df. The df’ s ar e those g iven fo r  the t reatmen ts and e r ro r ,

respec t ively, in Table F3. The tabulated F—value with 3 and 16 df is

shown a t  the  b o t t o m  of Table F3. Since the calculated F—value exceeds

the tabulated value , t he re  is a statist ical d i f f e r e n c e  be tween me-an 
-

survival among the four sets of data. If the calculated F—value had

been equal to or less than the tabulated value , there  would be no

ct atjstica l differences between survival in the reference substrate

con t rol s and any of t h e  dred ged ma te r i a l  samp les. In that case , the

anal ys is would be complete at this point with no indication of potential

adverse impact of the solid phase.

33. When the calculated F—value exceeds the tabulated value , it

i - - then necessary t o  determine which dredged material means differ

si gn i f i c a n t ly from the r- ference substrate control mean . This may be

donc- by the Student—Newman—Keuls multip le—range test given by Sokal and

Rohif in their Box 9~ 9•
3 Least significant ranges (LSR) used in this

process ore the product of the pooled standard error of the group mean

(S) and the studentized ranges (Q)  g iven in Rohlf and Sokal’s Table U.
4

= 

\
fMS e r r o r  ~~~~~~ = 2 . S 9

where the terms are taken from Table F3.

34. A t the 0.05—l i-vt-i of s i g n i f i c a n ce , the  Q and LSR values  f o r

F14
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the number of means (K) = 2, 3, and 4 are:

K
2 3 4

Q(Rohlf and Sokal , Tab le  U ) = 2.998 3 .649 4.046

S = 2.59 2.59 2.59
x

LSR = QS = 7.76 9.45 10.48
x

35. The multi ple—range’ test is completed by arranging the four

treatment means in increasing order and then comparing the difference

between means with the LSR for the number of means (K) in the range

separating the two being compared. That is , for two adjacent means

K = 2; for comparing means separated by one mean , there is the

intervening mean and the two being compared , so that K = 3. It is

necessary to compare each dred ged material mean to the control mean ,

but not to compare treatment means among themselves. Such comparisons

between treatment means are not necessary for permitting decisions , but

could provide usef ul manager ial inf ormation by distinguishing sediments
causing a great impact from those causing a smaller but still statisti-

cally significant impact. The comparison of treatment means to the

control for the above example is given below .

Treatment Means Computed from Table F2

1 3 control 2

70.4 75.6 91.0 91.8

Mean Compar ison
K LSR I)ifference Between Means

2 7.76 x — X = 91.0 — 70.4 = 20.6*c 1

2 7.76 X — X = 91.8 — 91.0 = 0.8 n.s.
2 c

3 9 .45  X — X = 91.0 — 75 .6  = 15.4*
c 3

Note: Entry of * indicates differenc between
means is significant at the 0.05—probability
level; n.s. indicates difference is not
significant

F 16
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36. When the difference between two means is greater than the LSR ,

the difference between those means is statistically significant at the

0.05—probabi l i ty  level.  Theref ore , the multiple—range test has shown

tha t  the mean survival in dredged mater ia l  samples 1 and 3 is s t a t i s t  i—

cal ly lower than survival in the reference substrate control , wh i le the

survival in dredged material sample 2 is not statistically d if fe ren t

from that in the control. The difference between survival in the con-

trol and samples 1 and 3 is greater than the minimum difference gener-

ally considered to indicate the probability of biologically important

e f f e c ts , as discussed in paragraph 23. Had the treatment and control

means shown a statistically significant difference of only a few perc ent ,
the prediction of important effects would be much more tenuous.

Limiting permissible concentration

37. The LPC of the solid phase of dred ged mater ial is def ined in
paragraph 227.27(b) of the Register as that concentration of solids that

will not cause “unreasonable effects” beyond the disposal site boundary .

Paragraphs 227.29(a) and (b)(2) clearly imply that the initial disper-

sion of the solid phase that occurs within 4 hr after disposal is to be

considered in determining whether the LPC would be exceeded. At pre-

sent there are no objective methods for considering initial mixing and

dispersion in the interpretation of solid phase bioassay data. There-

for e , this guidance takes the environmentally protective approach that

the LPC of the solid phase is operationally determined by the results

of the solid phase bioassays . If the difference in mean survival

between animals in the control and test sediments is statistically signi-

f i can t and grea ter than 10 percent , as in this example , the LPC would

be exce eded , and the b ioassay would have shown the material to have a

real potential for causing environmentally unacceptable impacts on

benthic organisms. This method of Interpretation based on statisticall y

s i g n i f i c a n t mean d i f f erences of a t leas t 10 per cen t should be used only

with tht~ solid phase bioassay technique . The level of 10 percent is

sub ject to revision if warranted by fu r ther studies and experi ence, but

is the level presen t ly con sidered mos t real ist ic for  env i ronmen tal
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protection purposes by those most familiar with solid phase dredged

material bioassays.
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API ’END IX C: GUI I ) ANCE FOR ASSESSING BIOAC CUMU LA TI ON POTENTIAL

Introduction

1. ‘ ‘he ocean disposal criteria require that the potential for

hioaccumuiat ion of contaminants from dredged material be evaluated in

the technical assessment of permit applications. This requires prt’ —

dieting whether ihere is a cause—and—effect relationsh ip between an

an i m al ’ s presence in the area influenced by the dredged material and a

significant elevation of its tissue content or body burden of contami-

nants above that in similar animals not influenced by the disposal of

dredged material. That is , it must be predicted whether an animal’s

exposure to the influence of the dredged material is likely to cause

a meaningful elevation of contaminants in its body.

2. A variety of laboratory research methods for measuring hio—

accumulation are presently undergoing modification and evaluation as

regulatory tools. All such methods require one or two months or more

for completion and provide no quantitative method for considering f ield

conditions such as mixing in the interpretation of the results , as ri—

quired by the Register. Field samp ling programs overcome the latter

difficulty since the animals are exposed to the conditions of mixing

and sediment transport actually occurring at the disposal site in

question . The former difficulty is also overcome if organisms already

living at the disposal site are utilized in the bioaccumulation studies.

The use of this approach for predi ctive purposes is technicall y val id

only where there exists a true historical precedent for the proposed

operation being evaluated. That is , it can be used only in the case ci

maintenance dredging where the quality o the sediment to be dredged is

considered not to have deteriorated or become more contaminated since

the last dredging and disposal operation. In addition , the disposal

must be proposed for the site at which the dredged material in question

has been prev iously disposed or for a site of similar sediment type

supporting a similar biological community.

(;1
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3. Considering these limiting conditions and following the pro-

cedure given below , it is possible to assess bioaccumulation by animals

that have spent ma,~or portions of their life in or on a sediment very

siri ilar to the sediment in question under the physical and chemical con-

ditions actually occurring at the disposal site. Caged animals of

suitable species may also be placed at appropriate stations in and around

the disposal site , but this will require a substantial exposure time

bef ore analysis. If the conditions discussed above cannot be met in the

field , a general approximation of bioaccuinulation potential may be ob-

tained as described later in this appendix from animals used in the

suspended particulate or solid phase bioassays.

Field Assessment of Bioaccumulation Potentidi

Apparatus

4. The following is a general description of the major items

required . Additional miscellaneous equipment will have to be furnished.

a. A vessel capable of operating at the disposal site and

equipped to handle benthic sampling devices. Navigation

equipment must be sufficient to allow precise positioning.

b. Sarn;’~~ ng devices such as a Smith—Maclntyre or other benthic

grab . Corers are less satisfactory since they sample a

smaller surface area and have a greater penetration than

is needed .

c. Stainless steel screens of 1—mm mesh to remove animals

from the sediment.

d. Tanks sufficient for transporting the animals to the

laboratory in collection site water.

€ .  Laboratory facilities for holding the animals prior to

analysis.

1. Chemical and analytical facilities as required for the

desired analyses.

Species selection

5. The species selected for analysis must occur in sufficient

numbers for collection of an adequate sample at all stations. The same
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species must be collected at all stations since comparisons of bio—

accumulation cannot be made across species lines.

6. For each species at each station , a minimum of several grams

of tissue , as indicated in the references given in paragraph 20 , must

be collected to provide sufficient sample to allow measurement of

chemical concentrations . In  samples that do not contain sufficient

tissue , it will be impossible to quantify the amount of contaminant

present. Since data in the form of “concentration below detection

limits ” is not quantitative , it is vital that sufficient tissue to

allow def initive measurement of concentration be collected for each

species at each station . It is also important that exactly equal masses

of tissue be analyzed for each station. If possible , several samples

of sufficient size for analysis should be collected at each sampling

station in order to provide a statistical estimate of variability in

t issue content of the contaminants of concern. The collection of more

than one sample per station , however , may prove impossible in practice

if small organisms must be used or if suitable organisms are not

abundant at the disposal site. In such cases the use of caged animals ,

as discussed in paragraph 10, may be advisable .

7. It is desirable to select the largest appropriate species so as

to minimize the numbers and collection effort required. However , highl y
mobile epifauna (such as crabs , lobsters , shr imp, and fish) should not

be used , since their location when collected cannot be related to their

body burden at the time of collection in any potential cause—and—effect

manner. Therefore , rela t ively immob ile species tha t are fa irl y large ,

such as bivalves , some gastropods , large polychae tes , etc., are the

most desirable organisms . Any relatively immobile species collectable

in su f f i c i e nt numbers at all stations may be used , but the required

coll ect ion e f f o r t increases sharp ly as organism size decreases.

Samp l ing desi gn and conduc t

8. Suff icient tissue to obtain definitive body burden values must

be collected from each of at least three stations within the disposal

site boundaries and from each of at least six stations outside the
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disposal site . The stations outside the site must be located in areas

with a substrate sedimentolog ically similar to that within the disposal

site. These stations outside the disposal site will serve two purposes.

If the direction of net bottom transport at the site is known , at least

three stations should be located in a substrate similar to that within

the site and in the path of transport away from the site. The data

from these stations will provide an indication of uptake of any con-

taminants t ransported out of the disposal site. At least three stations

must also be located in an uncontaminated sediment scdimentologicall y

similar to that within the site , but in a direction opposite that of the

net bottom transport . Data from these sites will provide a reference

level of contaminants in tissues to which those levels found in and down-

stream from the disposal site may be compared. 1! the direction of net

bottom transport is not known , at least six stations surrounding the

disposal site should be established in sediments sedimentologically

similar to those within the disposal site.

9. In all cases it is mandatory that several stations be sampled ,

rather than collecting all of the animals at one station. This will

provide a measure of the variability that exists in tissue concentra-

tions in the animals in the area. Samples from all stations should be

collected the same day if possible and in any case within four days.

10. If caged animals placed around the disposal site are utilized

instead of free an imals living there naturally , all the considerations

of paragraphs 8 and 9 must be evaluated in select ing the samp ing

stations , including the sediinentological similarity of the substrate at

all stations . The cages must be designed and positioned such that the

animals are able to hurruw or establish their natural relationship to

the sediment in order to truly evaluate the influence of the dredged

mater ial on bioaccumulat i on potential. Cages should not be constructed

of metal or coated with material that may leach the con tamina nts of

concern . They must be anchored and marked on the surface so that they

can be reliabl y located and recovered.

11. When the collection vessel has been positioned , repeated
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collections are made at the same spot until an adequate sample is

obtained . The sediment obtained by the sampler is hosed through 1—mm

stainless steel screens , and the retained iridi~~J duals of the desired

species are placed in ho ld ing  tanks . In a l l  cases no anima l w i t h  an’~’

indication of injury should be retained.

12. R e t u r n  the animals to the  l abo ra to ry , being ca re fu l  to  label

the samples clearly and keep them separated and to maintain nonstressiul

temperature and dissolved oxygen levels. In the laboratory , maintain

the samples in clean water in separate containers. No sediment is placed

in the containers and the animals are not fed. Any organisms that die

mus t be immedia tely discarded. Fecal material is siphoned from the

aquaria twice da ily until little more is produced , indicating that all

material has been voided from the digestive tracts. This probabl y w i ll

be completed within 2 to 3 days after collection , and sooner with small

animals. A more desirable procedure , if animals are large enought to

make it prac tical , is to excise the digestive tracts soon after collec-

tion rather than allowing the animals to excrete their contents. It is

necessary to empty or remove the digestive tracts since material there-

in may well contain inert cons t i tuen t s  and the con t aminan t s  of concern

in forms that do not become biolog ically available during passage through
the di gestive tract. Such material would also probably be unavailable

while passing through the digestive t rac t  of any predator  that  mi ght

have inges ted the an imals be ing analyzed. Therefore , since the diges-

tive tract content has not been incorporated into the tissue , it would

give an artifically high indication of bioaccumulation if it were in-

cluded in the analysis .

13. The shells or exoskeletons of molluscs or crustaceans are

removed and not included in the  anal y s i s .  These structures generally

contain low levels of contaminants and would contribute wei ght but

little contaminants if they were included in the analysis. This would

give an artifically low indication of bioaccumulation .

Analysis and interpretation

14. Preparat ion and anal ysis  of t i s sues  are  by the  procedures
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given in the “Chemical Analysis” section of this appendix. The section

on “Data Analysis and Interpretation ” gives guidance on these matters.

Laboratory Assessment of Bioaccumulation Potential

Samp l ing design and conduc t

15. This approach should be taken 
~~~~ 

in those cases where a true

historical precedent for the proposed operation does not exist (as

discus,,ed in paragrap h 2 ) .  The con sidera tions of paragraphs 5, 6, and

7 sh. uld be kept  in mind when s e l ec t ing  bioassay species to he use d for

laboratory assessments of bioaccumulation potential.

16. Animals from solid or suspended particulate phase bioassays

may be used , but it is considered unlikely that important bioaccumula—

tion would occur at the disposal site from the latter phase , since

animals would be exposed to it for such short periods due to dilution .

At the end of the bioassay , surviving animals f rom the repl ica te  con-

trols are treated in a manner corresponding to the separate reference

samples in the field assessment outlined earlier. Survivors from the

repl icate sediment—exposure aquaria correspond to the samples from the

disposal s i t e .  In the case of suspended pa r t i cu la t e  bioassays ,

survivors from the f i r s t  replicate of all test  medium concen t ra t ions

are pooled to make one sample corresponding to a disposal site sample;

survivors from the second replicate of all test medium concentrations

are pooled to make the second disposal site sample , etc.

17. At the end of the bioassay , each sample is placed in separate

aquaria in clean , sediment—free water to void the digestive tracts , as

discussed in paragraph 12. Each rep l ica te  f rom the bioassay is t rea ted

as if it was a sample from the field assessment discussed earlier. If

very small animals are to be analyzed , more than the minimum number

s p e c i f i e d  fo r  the bioassay may have to be used , or more rep l i c a t e  aquar ia

may be established in the bioassay . The considerat ions of paragraph 13

also apply to b ioassay organ isms used in assessing bioaccumul at ion

potential.
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Analysis and interpretation -

18. Preparation and analysis of tissues are by the procedures

given in the “Chemi cal Analy sis” section of this appendix. ‘l’he section

on “Data Analysis and Interpretation” gives guidance on these matters.

Chem i~cal Analysis

Constituents to be assessed

19. The chemical constituents to be assessed for hioaccumulation

are those constituents deemed critical by the District Engineer and

Regional Administrator after considering known inputs to the sediment

to be dredged. The following constituents , discussed in Section 227.6

of the Register , are of particular concern and should be assessed for

bioaccumulation whenever the District Engineer and Regional Adminis-

trator have any reason to believe they may be of concern in the sediment

in question .

a. Organohalogen compounds (PCB’s, DDT , etc.)

b. Mercury and its compounds

c. Cadmium and its compounds

d.  Pe t ro leum h ydrocarbons

i± . Known or suspected carcinogens , mutagens , or teratogens . (This

is a very poorly def ined group of materials for which specific

ana ly t i ca l  procedures are not generally available.)

Procedures

20. Referenced standard procedures for specific constituents are

given in Table Cl. These references should be consulted for detailed

guidance on amount of tissue required for analysis of each constituent

of concern , methods of sample preparat ion and analysis , and data pre-

sent at ion.

I)ata Analysis and Interpretation

21. Complete tissue concentration data for all samp les should be

presented as in Table G2. A separate analysis must be conducted for

each chemical constituent and each animal species. This example

utilizes laboratory bioaccumulation data from analyzing the survivors

of the hypothetical solid phase bioassay presented in Appendix F. The
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Table Cl

Procedural References for Analytical Methods for
Tissue Analyses of Organic Materials

Other
Material Reference I Reference 2 References

BHC Section 211 , 212 ~eet ion 5A

Heptachior “ “ “ “ 3, 4

DDD , DDE , DDT “ “ ‘ “ 5, 6, 7

C hl o r d a n e  “ “ “ “ 8

Dieldrin “ “ “ “ 7

Endr in  “ “ “ 9

l’oxap hene “ “ “ 4

PCB Sections 211 , 212 , 251 “ 10

Mirex Section 211 , 212 “ 11

Methoxychior “ “ “ “

Mercury  and
its compounds 12

Cadmium and
its compounds 12

Petroleum
hydrocarbons :

A li phatic 13

Aromatic 13
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c o n t r o l  and the  dred ged materi a l samp les from three sites were e a& ’ l I

r ep l  i ca ted  f i v e  t imes , co r r e s p o n d i n g  to  t h e  f i v e  rep l i c a t es  used I c - r e .

Small  o rgan i sms  were used ; in one case , t i s s u e  c o n cen t r a t i o n  of the

c o n 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 da t a  ar e  non—

q u a n t i t a t i v e  and c a n n o t  he used in statistic al a n a ly s e s .  Howeve r , the

arbitrary but environmentall y protective assumption made in such (‘dScs

is  t h a t  the  a c t u a l  c o n c e n t r a t i o n  in the  samp le was only slightl y less

t han  t h e  d e t e c t i o n  l imi t , and the d e t e c t i o n  l imi t i s  used as if i t  was

the datum.

l a bl e  G2

Hy p o t h e t i c a l  Resu l t s* of a Labora to ry  Assessm~-nt
of Bioaccunulation Potential

Tissue Concen t r a ,~~~~~ ppm (wet wt)
Rep l i ca t e  Dred ged Material Sarnpl~
(n = 5) Control 1 2 3

1 0.15 0.27 0.25 0.15

2 0.08 0.42 0.38 0.12

3 0.38 0.24 0.~~2 0.24

4 -0 . 0 5  0 . 3 7  0. 47 0.14

5 0.23 0.49 0.61 0.30

sum o f d a t a , X = 0.89 1.79 2 .23 0. -~5

mean , X = = 0.18 0 .36 0 .45  0 .19

sum of squared da ta  ~X 2 
0.2287 0. 6839 1.0703 0 .2041

corrected sum of squares~
CSS = - ~~~~ = 0.0703 0.0431 0.0757 0.0216

v a r i a nc e , ~2 
= O.O17() 0.0108 0.0189 0.0059

* The c o n s t i t u e n t  measured and the a n i m a l spec i es  used in  the assess-
ment must be identified .

22. To determine whether there is an indication of bioaccumu lation

potential , it is necessary to make statistic al comparisons of the tissue

c o n c e n t r a t i o n s  In the  cont rols to those in an imals  exposed t o  t h e

(:1;

— 
~~~~~ 
.r - — ’r, - r- - ...—.. —~ — — . - - - r.! : • p - ‘, . b - —



dredged materials. It is possible that in some cases the mean tissue

concentration in one or more of the dred ged ma ter ial samples may be less

than or equa l to that in the controls. Such cases have been documented

and in no way reflect adversely on the quality of the evaluation , but

simp ly give no indication of bloaccumulation potential for the constit-

uent , species , and sediment sample in question.

23. It tissue concentration in any of the dredged material

samples is hi gher than that in the controls , the data must be compared

statistically. An analysis et variance (ANOVA) is used to compare the

mean tissue concentration in animals from the reference substrate con-

trol to the mean tissue concentration in animals exposed to each dredged

material sample. Before an ANOVA can be performed , it is necessary to

use Cochran ’s test to determine whether the variances of the data sets

are homogeneous . This is determined by calculating the C—value , def ined

as the ratio of the largest variance to the sum of all the variances. In

this case:
S

- - 
max 

- 
0.0189 - 0 3553 Cl— 

- s2 
— 

0.0532 
—

where

S = largest variance among the data setsmax

= sum of all the varIances

The calculated C—value is evaluated by comparing it to the C—value

given in the table in Enclosure 1 to Appendix D. In the table , k is

the number of treatment means summed in the denominator (4 in this case)

and v is one less than the number of observations contributing to each

variance (5 — 1 = 4 in this case). Therefore , the tabulated value for

C in this example is 0.6287.

24. Since the calculated C—value is smaller than the tabulated

C—value , the calculated value is not significant at the 95—percent

conf idence level , and t h e  variances may be considered homogeneous . If

the calculated C—value is larger than the tabulated C—value , the

variances are not homogeneous . In such cases , before any ANOVA calcu-

lations are performed , a transformation should be performed on all data
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in order to achieve homogeniety of variances. The transformation is

performed on each datum by obtaining the natural logarithm of ( X + I ),

where X is the datum. Recalculate the C—value using the transformed

data. If variances are now found to be homogeneous , use the transformed

data in all ANOVA calculations . If the variances are still non-

homogeneous , an approximate test of the equality of means given by

Sokal and Rohlf in their Box 13.2
14 

should be used.

25. ANOVA equations and calculations for the data of Table G2 are

given in Table (‘.3. The values on the third line of the table (Total)

should be the same whether they are calculated by the equation or

obtained by summing the corresponding treatment and error values , thus

providing an easy means of checking the accuracy of the calculations.

The calculated F—value is evaluated by comparison with the tabulated

F—value
15 

at the 0.05—probability level with the appropriate degrees of

freedom (df). The df’s are those given for the treatments and error ,

respectively , in Table G3. The tabulated F—value with 3 and 16 df’s

is shown at the bottom of Table G3. Since the calculated F—value ex-

ceeds the tabulated value , there is a statistical difference between

mean tissue concentrations among the four sets of data. If the calcu—

lated F—value had been equal to or less than the tabulated value , there

would be no statistical differences between tissue concentration in the

re fe rence subs tra te con t rols and any of the dr edged material samples.

In that case , the analys is would be comp lete at this point with no

indica tion of potential bioaccumulation from the dredged material in

question .

26. When the calculated F—value exceeds the tabulated value , it

is then necessary to determine which dredged ma ter ial means d if f e r

significantly from the reference substrate control mean. This may be

done by the Student—Newman—Keuls multi ple—range test given by Sokal and

Rohlf in their Box 9~ 9•
14 

Least significant ranges (LSR) used in this

process are the product of the pooled standard error of the group mean

S and the studentized ranges Q given in Rohlf and Sokal’s Table U.15

x
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‘4

= J~ 
~~~~~ = = J.U)16 (~ 2)

w h e r e  the terms are  taken from Table C3.

27. At the 0.05 level of significance , the Q and LSR values for

K = 2 , 3, and 4 items are :

K

15 2 3 4
Q(R ohlf and Sokal , Table U ) 2.998 3.649 4.046

S (equation C2) = 0.0516 0.0516 0.0516

LSR = QS_ = 0.1547 0.1883 0.2088
x

28. The multiple—range test is completed by arrang ing the four

treatment means in increasing order and then comparing the differ ence

between means with the LSR for the number of means K in the range

separating the two being compared. That is , for two adjacent means

K = 2 and for comparing means separated by one mean , there is the

intervening mean and the two being compared , so that K = 3. It is

necessary to compare each dredged material mean to the control mean

but not to compare treatment means among themselves. Such comparisons

between treatment means are not necessary for permitting decisions , but

could provide useful managerial information by distinguishing -,ediments

with high bloaccumulation potential fron those with a lesser but still

statisticallysignificant bioaccumulation potential. The c o m p a r i s o n  01

treatment means to the control for the above example is given in the

following tabulation.

Treatment Means from Table (2 
-

-

~~ x
control 3 1 1

0.18 0.19 0.36 0.45
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Mean Compar ison

K LSR Difference Between Means —_____

2 0.1547 X — X = 0.19 — 0.18 = 0.01 n.s.3 c

3 0.1883 X — X = 0.36 — 0.18 = 0.18 n.s.
1 c

4 0.2088 x — X = 0.45 — 0.18 = 0.27*
2 c

Note : Entry of n.s. indicates difference is not signif-
icant at the 0.05—probability level ; * indicates
difference is significant

29. When the difference between two means is greater than the LSR ,

t h e  difference between those means is statistically significant at the

0.05—probability level. Therefore , the multi ple—range test has shown

that the mean tissue concentration of the constituent of concern in ani-

mals exposed to dred ged material sample 2 is statistically higher than

the corresponding concentration in animals exposed to the control sedi-

ment . Tissue concentrations of this constituent in animals exposed to

dredged material samples I and 3 were not statistically higher than in

the control animals.

30. The ANOVA calculations and mean comparison given above may be

used for data analysis in all cases involving two or more treatments ,

provided that the same number of samples occurs in each treatment. The

ANOVA calculations for studl~ s in which the same number of samples does

not occur in each treatment are given by Sokal and Rohlf in their Box

9.1.
14 

Unequal numbers of replicate samp les may occur in field evalua-

tions where the direction of net bottom transport is not known and

samples outside the disposal site are located in all directions from the

site. In such cases , those’ stations outside the site having the highest

tissue concentrations cannot arbitrarily be assumed to lie in the

direction of net bottom transport , unless this is also indicated by

independent evidence. Otherwise the only analysis possible is to com-

pare the mean tissue concentration at the stations within the disposal

site to the pooled mean tissue concentration at all stations outside

the si te. That is , two samples containing different numbers ot

Cl 4



observations will be compared. When the direction of net bottom trans-

port is known , three mean tissue concentrations will be compared. These

will be from samples within the site , samples outside the site in the

direction of net bottom transport , and samples outside the site and not

influenced by net transport from the site.

31. In the example given in paragraphs 21 through 29, by compari-

son to the control animals , animals in one of the dredged material

samples had elevated tissue concentrations of the constituent of con-

cern , and those in the other two samples did not. Therefore , there is

a potential for bioaccumulation of this chemical by this species of

animal from sediments at one site in the dredging area.

32. At present there are very little data for marine species upon

which to base an evaluation of the meaning of a specific concentration

of a particular contaminant in the species in question. The only such

levels that are fixed from a regulatory viewpoint are those levels set

by the Feod and Dr ug Administration for fish and shellfish for human

consumption . Therefore , this guidance recommends the environmentally

protective approach of assuming that any statistically significant

differences in tissue concentrations between control and exposed

organisms are a potential cause for concern . It should be kept ~n mind ,

howeve r , that at present tissue concentration of most constituents in

most species cannot be quantitatively related to biological effects.

Therefore , in making the final assessment of bioaccumulation , the

D istric t Eng ineer and the Reg ional Administrator must objectively con-

sider the magn itude of bioaccumula tion shown, the toxicological signifi-

cance of the material(s) bioaccumulated (i.e., arsenic would be of

greater concern than iron), the proportion of sediment sampling sites

wh ich prod uced up take, the number of different constituents bioaccumulated

from the sediment in question , the posit ion in human and nonhuman food
webs of the species showing uptake , the presence of motile species at

the site that might serve as transportation vectors removing bioaccumu—

lated materials from the disposal area , and other fac tors relevan t to

the particular operation in question .
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APPENDIX H: ESTIMATION OF INITIAL MIXING

Introduction

1. The Register recognizes the fact that the oceanic environment

is physically dynam ic and that materials dumped into it will be dis—

persed , mixed , and diluted to some degree. Therefore , all evaluative

procedures must be interpreted in light of the initial mixing expected

at the disposal site. Initial mixing is defined (paragraph 227.29(a)

of the Register) to be that dispersion or diffusion of liqu id , sus-
pended particulate , and sol id phases of a was te tha t occurs w ithin 4 hr

after disposal. The limiting permissible concentration (Section 227.27)

shall not be exceeded beyond the boundaries of the disposal site during

the 4—hr initial mixing period and shall not be exceeded at any point

in the marine environment after initial mixing. A series of methods ,

discussed in the order of preference shown in Section 227.29 of the

Register, may be used to estimate the maximum concentration of the li quid

and suspended particulate phases found at the disposal site after initial

mixing . Since no objective method has been devised for incorporating

initial mixing of the solid phase into the interpretation of bioassay

results , no calculations are presented here for estimation of the

initial mixing of the solid phase .

Initial Mixing Calcula tions

Mathematical models using specific
field data (227.29(a)(1))

2. The first and most preferred method requires the use of

comprehensive field data relevant to the proposed disposal operation

in conjunction with an appropriate mathematical model f or adequate

pred iction of initial mixing and dispersion. However , the amount of

field data necessary for adequate prediction of dispersion and dif-

fusion is subs tan tial , and such predictions require a detailed under-

standing of tides , currents, waves, water column stratification , and

cl imatic conditions at the disposal site .
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I . Descri pt ion of the WES mathematical models. The Dredged

M at e ria l Rese-arch Program (DMRP) of the  U. S. Army Engineer Waterways

Experiment Station (WES) has modified two numerical models , now being

field verifi ed , to  predict t h e  short—term fate of dredged material dis-

charged in the marine environment. One model simulates an instantaneous

discharge from a rapidl y emptying barge or hopper. The o ther  simulates

a continuous fixe d or movin~ jet discharge from a slowly emptying vessel.

The models can be - applied to disposal sites icc  enclosed bodies of w a t e r ,

sites with depth variations , sites whose flow reg imes vary in three

dimensions and in time , and those disposal sites where ambient density

var ies  in t ime .

4. It should be noted that neither adequate calibration nor

verification of the models has been completed at this time. However ,

from limited demonstrations and calibrations , the models have been

shown conceptually to be capable of pred icting the dynamic physical

processess associated with various dredged material disposal opera t ions

in the marine environment. The models will not be generally available

until the calibrations and verificatic~~ necessary to ensure the accu-

racy of model predictions have been concluded. This is expected to be

completed by early 1978. The availability of the models for general

use will be announced. At that tine the WES models will become the

preferred means of estimating initial mixing for most disposal opera-

tions whose size or potential impact warrant this level of sophistica-

tion . The release zone method described in paragraphs 10 through 28 may

still be acceptable for small projects of little antici pated impact.

5. In consideration of those who are planning a field data—

c o l l e c t  ion program in anticipation of use of the WES mathematical models

or who may think adequate data are available for input to the models

discussed in paragraph 3, a brief description of the two models is

g iven w it h spec i f ic requ iremen ts of the necessar y input data for

optimal model utilization. Both models characterize the behavior of

re- leased dredged material with a convective descent phase in which the

cl oud has a hi gh density relative to the disposal site water and is
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dominated by gravitational forces; a dynamic collapse phase in wh i ch

horizontal spreading dominates , usually initiated when the descending

cloud impacts the bottom; and a long—term dispersion phase , which is

domina ted  by the ambient  cu r ren t s  and turbulent diffusion at t h e  disposal

site , rather than the forces of the disposal operation.

6. WES model input requirements. Ocean disposal of dredged

material is usually made by barges or scows and hopper dredges. When

a barge releases its material in a stationary mode (i.e., not underway),

the disposal can be assumed to be an instantaneous dump fo r model i ng

purposes and the instantaneous model can be used to simulate this opera-

tion with the proper input parameters. Moving barges having to open

several doors to release all the material would be best described by

the moving jet model. The moving jet model also best describes most

hopper dredge disposal operations in which one or two doors are usually

opened at a time and up to thirty minutes may be required to remove- all

the material. The characteristics of each specific disposal operation

will determine the model appropriate to its simulation and thus will

determine the model input data required. Adequate input data can be

obtained only with a comprehensive understanding of the factors affect-

ing the dred ging and disposal operations and by a thorough field sampling

program based on this understanding .

7. Input data required to run the models can be categorized as (a)

data describing the actual disposal operation , (b) characterization of

the dredged material , (c) a description of the ambient environment , and

(d) model coefficients.

a. I)isposal data. For the instantaneous or stationary dis-

charge model , the grid position of the barge on the horizontal grid ,

the radius of the initial cloud , the depth below the surface where the

material is released , and the initial velocity of the cloud are re-

quired . Generally the radius of the initial cloud will be determined

by the total volume of the barge . The fixed or moving jet discharge

model requires the initial position of the discharge , the vessel course

and speed , the orientation and depth of the discharge point in the
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water column , the radius of the initial jet , the flow rate , and the

total time required for complete discharge .

b . Characterization of dredged material. The models will

accept up to twelve solid fractions (grain sizes), a fluid component ,

and a conservative chemical constituent (e.g., ammonia) if dc-sired .

The concentration , density, fall velocity, void ratio , and an indicator

of cohesion must be input for each solid fraction. If a conservative

chemical constituent is to be used , Its initial concentration in the

liquid phase and a background concentration in the disposal site water

must be given . In addition , the bulk density and aggregate void ratio

of the dred ged material must be determined, It is not necessary to in-

put all twelve solid fractions to adequately simulate the dispersion

processes during disposal , especially when there is a cohesive fraction

included. An important but difficult value to obtain prior to dred g ing

is the bulk density of the total volume of dredged material in the barge .

If large volumes of water are dredged with the actual material , the bulk

density values will be substantially reduced.

c. Description of ambient environment. An ambient dc-nsity

profile must be supplied and , at each horizontal grid point , water depth

and a current velocity profile are required . The level of sophistication

here is optional , as there are three different forms of velocity input ,

the depths may be coi.stant or variable in space , and the density pro-

file may vary with time or remain constant .

d. Model coeff icients. The models contain recommended

average values for fourteen coefficients , which the user should change

only if justified by case—specific data.

Similar field data and
model~~~~~ 227.29(a) (2))

8. The second method of initial mixing estimation permitted by the

Register allows fie-id data determined for a material of similar charac-

teristics to be used in conjunction with an appropriate model. There

may be certain similarities between dredged ma ter ial d isposal opera tions

in different regions of the country that may allow the use- of similar
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input data to simulate a proposed disposal operation ; however , the

similaritie- s have not yet been documented that could justif y this

method for prediction of dredged material dispersion . Certainly , there

is no justification for using input data developed for other waste

material in attempts to predict dredged material dispersion.

Theoretical relationships (227.29(a)(3))

9. When no field data are available , the Register permits con-

side ration of theoretical oceanic turbulent diffusion relationships in

order to estimate initial mixing . The state—of—the—art of dred ged

material dispersion theory does not presently allow the use of this

method for adequate prediction of initial mixing processes.

Release zone method (227.29(b))

10. Since none of the preceding three methods are feasible until

the models are verified (at which time the models will become the

generally preferred method), the release zone method of estimating

initial mixing must be used in the interim. The liquid and suspended

particulate phases of the dredged material may be assumed to be evenly

distributed at the end of the 4—hr initial mixing period over a column

of water bounded on the surface by the locus of points constantly 100 in

from the perimeter of the conveyance engaged in dumping activities ,

beg inning at the first moment in which dump ing commences and ending at

the last moment (the release zone) and extending to the ocean floor ,

thermocline , or halocline if one exists , or to a depth of 20 m , which-

ever is shallower.

11. In order to calculate the initial mixing zone using the re-

lease zone method , a few preliminary determinations have to be made- .

First , one must determine the appropriate depth value : is the thermo—

d ine or halocline- , the ocean bottom , or 20 in the shallower value? For

the following example calculation , it was assumed that the depth of the

bottom was 30 m and that there- was no density stratification , so 20 in

is the appropriate- depth value .

12. Next , one must determine the mode of disposal : is the disposal

vessel moving or stationary ? This example assumes that a disposal vesse-l
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60 m long and IS in wide was moving at a speed of one rn/sec and took 100

se-c to release- all its volume of dredged material. With these  data an

initial mixing zone volume 
~
‘
m 

may be calculated using the following

e q u a t i o n :

V
m 

= n (100)
2d + 200 w d + (200 + w ) ( u t + ~

) d ( H i )

where

= 3. 1416

d = appropriate depth value (here 20 in)

w = w i d t h  of the disposal vessel

2. = l eng th  of the disposal vessel

u = speed of the disposal vessel in metres per second

t = t i me in seconds required to empty disposal vessel
during discharge

13. By equation Hi , the volume of the example initial mixing zone

would be:

= ( 3 . 14 1 6 ) ( l O O m ) 2 (20 in) + 200 m (18 m)(20 in)

+ (200 in + 18 m) [(1 m/sec)(100 sec) + 60 m] 20 rn

V = 1, 397 ,920 in3
in

14. If the discharge is instantaneous or from a stationary vessel ,

e q u a t i o n  Hi  reduces to :

= ~ ( 100) 2d + 200 w d + (200 + w) ~ d (H2 )

where ~he terms are defined as for equation Hi.

Application to Limiting Permissible- Concentration ([PC)

Li quid  phase — water—quality
cr iteria (227.27(a)(1))

15. The LPC of the liquid phase for constituents for which app li-

cable water—quality criteria have been established is that concentration

at which none of the constituents of concern will exceed the criteria

after allowance- for initial mixing. It is possible to predict whether

the LPC will be exceeded by the method given in the following example .

16. In this examp le , the liquid phase was assumed to have- a

measured concentration of ammonia (the constituent of concern) of 30
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m g / i  and the  d i sposa l  s i t e -  w a t er  to have  a measured c on c e- n t r at  ion of

0. 1 m g / f  . The w a t e r — q u a  l i t  v cr  i t  e-r ion f o r  t h e  cou s t  i t u e n t  of conce rn

(ammon ia )  must  be d et e r m i n e d  f rom th e  most r e - c e - n t  e d i t i o n  of t h e  I SI ’A

pub l icat ion “Q u a l i ty  C r i t e r i a  fo r  W a t e r . ” If  th e- w a t e r  t e mp e r a t u r e  we ’re ’

assu med to  be 15°C and the ’ p11 of the  w a t e r  to  b e- 8.0 , then  t h e -  vat er—

q u a l i t y  c r i t e r i o n  for  t o t a l  ammonia would  be f o u n d  to he 0 . 7 5  mg/ .

17. The d i l u t i o n  f a c t o r  1) (the  amoun t by which  the- l i q u i d  phase

must be diluted to meet the water—qualit y criterion) can b~- determined

from th e- following equation:

C - C
e s 30—0.75 - -D = = 0 . 7 5  — o.~ 

= 4 5 . 0  ( H I )

where

C 
- 

= li quid phase c o n cen t r a t  ion of the  constituente of i n t e r e st ( a mi no n i a )  = 30 mg/

C = w a t e r — q u a l i t y  c r i t e r i o n  f o r  the c o n s t i t u e n t
of i n t e r e s t  = 0.75 mg/2.

C = ambient  disposal Site water concentration ofa c o n s t i t u e n t  of i n t e r e s t  = 0.1 mg/f

Note that if the liquid phase- concentration C
e~ 

is less than the water—

quality criterion C , no calculation is necessary since no dilution is

required to meet the criterion. If the ambient disposal site water

concentration C
a 

is greater than the water—quality criterion C , wa ter

quality at the disposal site violate-s the criterion regardle’ss of ti c.

proposed disposal operation , and the criterion cannot be achiev e d by

dilut ion .

18. The volume of the li quid phase V can be calculated by equa-

tion 114. For purposes of this calculation , the bulk density of the

dr e dged material may be assumed to be 1.5 , the ’  p a r t i c l e  d e n s i ty  2 .6 ,

and the density of the liquid phase 1.0. These approximations should

be- used unless these parameters have actually been measured fsr the

dr edged material In question .

~‘ P 1 2v = 
1) 

— 

d(v) = 
~~~~~~~~~~~~~ 2.6 

(3058 in 3) = 2102 m3 (H 4 )
w d
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whe re

= bulk density (1.5)

= particle density (2.6)

= dens ity of liqu id phase (1.0)

V
T 

= total volume of disposal vessel
(here assumed to be 3058 m 3 or 4000 yd 3)

19. The volume of disposal site water necessary to dilute’ the

d ischarged liquid phase to acceptable levels can be found using the

equation :

Vol = D V = 45 (2102 m3) = 94 ,590 in3 (115)

where

Vol = required volume of disposal site water

D = dilution factor = 45.0 (equation 113)

V = the volume of liqu id phase in the d ischarge = 2102 m3

(equatioo 114)

20. In this example , ammon ia would no t exceed the LPC , since the

volume of the in it ial mix ing zone (1 ,397 ,920 m
3 f rom paragraph 12 and

equation Hi) exceeded the volume of disposal site water necessary to

d ilute the liquid phase to the water—quality criterion for the constit-

uent of interest (94,590 in 3 f r om pa ragraph 19 and equation H5). Note

that these calculations must be performed for each constituent of

concern , since the dilution factor 1) (equation 113) will be site specific

and different for every constituent. The LPC is met only if the appli-

cable water—quality criteria are met by all constituents of concern.

Liquid phase — no water—quality
cr iteria (227.27(a)(2))

21. If bioassays are conducted with the liquid phase , the above

approach must be modified , since the constituent(s) causing effects in

bioassays cannot be identified , and there-fore their concentrations in

the  liquid phase or disposal s i t e  water  cannot  be measured. The LPC

appl icable to liquid phase bioassay Interpretat ion is the concentration

that , after initial mixing , will not exceed a toxicity threshold of 0.01

of the acutely toxic concentration. The liqu id phase bioassay pro—

cedures of Appendices D and E require exposure- of organisms to various
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dilutions , expressed in percent of original liquid phase concentration.

In order to predict whether the LPC will be exceeded , it is necessary

that the dilution expected at the disposal site after initial mixing

also be expressed in terms of percent of orig inal liquid phase concen-

tration . This may be done by comparing the dilution calculated by

equation 116 to the bioassay results.

22. The volume of the initial mixing zone is calculated as in the

example above , using equation Hi or 112 as appropriate. In this case it

was found to be 1 ,397 ,920 m3. The volume of the liquid phase contained

in the discharge vessel is then calculated by equation H4; in this

examp le , it was found to be 2102 in3 . The percent of the original liquid

phase concentration found at the disposal site after initial mixing C

may be calcula ted as:

V 3
C = —

~~ (100) = 
2102 m 

(100) = 0.15% (H6)w V
~ 1 ,397 ,920 in3

where

V = volume of liqu id pha se released in the discha rge
w (equation 1-14)

V = volume of the initial mixing zone (equation Hi)

23. According to the solution of equation 116, in this example the

original concentration of the liquid phase was diluted by a factor of

667 , so that the concentration after initial mixing was only 0.15 per-

cent of the original liqu id phase concentration at the instant of re- —

lease . In order to predict whether this would exceed the LPC , it is

necessary to determine whether this concentration is hi gher or lower

than 0.01 (or other factor) of the acutely toxic concentration. This is

done by graphically comparing the dilution curve to the t ime—concentration

mortality curve as described in paragraphs 38 through 40 of Appendix D.

Su spended~ particulate phase ( 2 2 7 . 2 7 ( b ) )

24. Initial mixing of the suspended particulate phase is estimated

In a manner simil ar to that described In paragraphs 21 through 23 for  the

liquid phase without water—quality criteria. First the volume of the

initial mixing zone’ Is calculated , using equation Hi or 112 as appropri-

ate. In this example’ the Initial mixing zone volume is 1 ,397,920 in
3
.
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25. The volume of suspended particulate phase contained in the

disposal vessel must then be determined. Since it is impractical to

calculate the volume directly ,  the environmentally protective assump-

tions are made that all silt and clay—sized particles are contained in

the suspended particulate phase and that they would remain in

suspension during the 4—hr initial mixing period. If adequate data are

available for the operation in question to demonstrate that this assump-

tion is Invalid , the most accurate estimate of the percent of material

that would remain in s~uspension should be incorporated in the calcula-

tions. The volume of suspended particulate phase in the discharge V

can be ca lcu la ted as:
(P + P )  --

V — ( V  V )  
c S 

(117)
sp T w 100

where

V
T 

= total volume of discharge vessel (3058 in
3
)

V = volume of liquid phase in the discharge
(2 102 in3 from equation 114)

= percen t clay in the dred ged sediment
= percen t sil t in the dred ged sediment

26. In this example , assumed to be from harbor maintenance drecdg—
S 

ing and to have 50 percent clay and 40 percent silt , the volume of sus-

pended particulate phase in the discharge woul d be:

V = (3058 in 3 — 2102 in3) 
(40 + 50) 

= (956 m
3
)(0.90) = 860 in

3

27. The percen t of the orig inal suspended par ti cula te phase
concentration found at the disposal site after initial mixing C is

calcula ted from a sl ight modification of equation 1-16 as:

V 3
= —~~-~~ - (100) 860 m 

(iOO ) = 0.06% (118)
sp V 

3III 
1 ,397 ,920 m

where

V = volume of suspended particulate phase i i  the
~~ discharge (equation H7)

V = volume of the initial mixing zone (equation 111)

28. According to the solution of equation 118, the orig inal sus—
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pended particulate phase concentration was diluted by a factor of 1667,

so that the concentration at the disposal site after initial mixing was

onl y 0.06 percent of the original suspended particulate phase concen-

tration at the instant of release . In order to predict whether this

would exceed the LPC , one must determine whether C as calculated insp
the pr eced ing examp le is higher or lower than 0.01 (or other factor) 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 38 through 40 of Append ix D.
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