


L 

111111~ 1111111111111IOO~Hi11111111111111111111111 
3 5925 00217 8611 

Destroy this report when no longer needed. Do not return 
it to the originator. 

The findings in this report are not to be construed as an official 
Department of the Army position unless so designated 

by other authorized documents. 

The contents of this report are not to be used for 
advertising, publication, or promotional purposes. 

Citation of trade names does not constitute an 
official endorsement or approval of the use of 

such commercial products. 



-,-A ~, 
wJJ-/ 
h i , k- /i,, · 7 0 .I 
C.,, J 

Unclassifie-d 
SECURITY CLASSIFICATION OF THIS PAGE 

REPORT DOCUMENTATION PAGE I Form Approv•d 
0MB No. 0704-0188 

1a. REPORT SECURITY CLASSIFICATION 1 b. RESTRICTIVE MARKINGS 

Tlnr,J .,.,,:,i ·f_i,..~ 
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/ AVAILABILITY OF REPORT 

2b. DECLASSIFICATION/ DOWNGRADING SCH-EDULE Approved for public release; distribution 
unlimited. 

4. PERFORMING ORGANIZATION REPORT NUMBER($) 5. MONITORING ORGANIZATION REPORT NUMBER($) 

Technical Report EL-90-12 

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION 

USAEWES (If •ppllc•bl•) 

Environm,:,nt-::11 T -'- - V 

6c. ADDRESS (City, St•r., •nd ZIP Cod@) 7b. ADDRESS (City, St•t•, •nd ZIP Cod@) 

3909 Halls Ferry Road 
Vi ·k~'"11 I}! MC: 191~0-6199 

Ba. NAME OF FUNDING /SPONSORING Bb. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 
ORGANIZATION (If applicable) 

US Armv r.orns nf" l.'.-.,d '"'""!rs 
Be. ADDRESS (City, St•te, •nd ZIP Code) 10. SOURCE OF FUNDING NUMBERS 

PROGRAM PROJECT TASK WORK UNIT 

Washington, DC 20314-1000 ELEMENT NO. NO. NO. ACCESSION NO. 

11 . TITLE (Include Security Classification) 
Determination of the Chemical Suitability of a Dredged Material Containment Area for 
Aauacul_ture 

12. PERSONAL AUTHOR(S) 
Tate~ HPnrv E. 

13a. TYPE OF REPORT r 3b. TIME COVERED r 4. DATE OF REPORT (YHr, Month, Day) r 5. PAGE COUNT 
Final renort FROM TO - ., "I" 1 00() 71;; 

16. SUPPLEMENTARY NOTATION 
Available from National Technical Information Service, 5285 Port Royal Road, Springfield, VA 
22161 

17. COSA Tl CODES 18. SUBJECT TERMS (Continue on reverse if necesury and Identify by block number) 
FIELD GROUP SUB-GROUP 

See reverse. 

19, ABSTRACT (Continue on reverse if necesury and id•ntify by block number) 

This report concerns use of dredged material containment areas (DMCA) for aquaculture, 
specifically for production of a crop intended for human consumption. New DMCAs used only 
periodically for dredged material disposal could be managed to produce valuable crops. Pre-
vious studies conducted by the Corps of Engineers, including one where shrimp were raised at 
a DMCA, and others relating to the effects of sediment contaminants on aquatic organisms, 
are reviewed. The literature indicates that most dredged material is uncontaminated and 
that many sediment constituents such as metals are relatively unavailable to aquatic ani-
mals; DMCAs containing parts-per-million levels of organic contaminants such as pesticides, 
polychlorinated biphenyls, or petroleum hydrocarbons should not be used for aquaculture w 
ithout extensive testing. The literature also indicates that aquaculture activities at a 
DMCA should not increase the bioavailability of sediment contaminants. 

(Continued) 
20. DISTRIBUTION/ AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION 

£J UNCLASSIFIED/UNLIMITED 0 SAME AS RPT. 0 DTIC USERS Tlnr,l ac c,i f"1 
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) 122c. OFFICE SYMBOL 

DD Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE 

Unclassified 



S:CURITY CL~SSIFICATION OF THIS PAGE 

18. SUBJECT TERMS (Continued). 

Aquaculture 
Bioassay 
Bioavailabili ty 
Chemical analyses 
Containment areas 

19. ABSTRACT (Continued). 

Contaminants 
Dredged material 
Penaeid shrimp 
Reference sediment 
Sediment 

Chemical analyses of typical reference and contaminated sediments are presented. 
These data can be used by Corps Districts and aquaculturists for preliminary DMCA sediment 
evaluations. Evaluation of available physical/chemical data on a DMCA should be a first 
step in determination of the chemical suitability of a new DMCA for aquaculture. The data 
should be compared with other local sediment data, data contained in this report, and any 
other relevant literature data. Lack of data or lack of recent data would strongly indicate 
the need for sediment testing prior to a District recommending a DMCA for aquaculture. 

The effects of sediment particle size, organic matter, pH, redox potential, and 
salinity on contaminants are described. Common sediment contaminants are ranked according 
to their potential for harm to biota. Mercury (Hg), cadmium (Cd), lead (Pb), and certain 
chlorinated hydrocarbons were identified as potentially harmful at high concentrations. 

Chemical and biological testing of sediment from an aquaculture demonstration site at 
Brownsville, TX, showed that this DMCA was acceptable for aquaculture since the sediment 
contained a high percentage of sand and low (compared with reference materials) concentra-
tions of contaminants. Organic contaminants were below detection limits. Bioassay results 
showed the DMCA sediments were not toxic to a test animal (Hysidopsis sp.) or to a proposed 
aquaculture animal, a penaeid shrimp. Both recent chemical data and bioassay testing of 
actual DMCA sediments are necessary before a potential DMCA site can be recommended for 
aquaculture. If either kind of test indicates potential problems, then some additional 
testing may be necessary. 

A table of US Food and Drug Administration (USFDA) action levels for contaminants in 
seafood is included. An aquaculture crop should be monitored during growth to ensure that 
USFDA action levels or other relevant criteria are not exceeded. Data for the aquaculture 
crop may be compared with tissue data from local species similar to the aquaculture species. 

The final section of this report contains discussion of procedures and probable costs 
involved in determining the chemical suitability of a DMCA for aquaculture. 

JlocJ a55j fj ed 
SECURITY CLASSIFICATION OF THIS PAGE 



PREFACE 

This study was conducted under the Containment Area Aquaculture Program 

(CAAP), sponsored by Headquarters, US Army Corps of Engineers (HQUSACE). The 

HQUSACE Technical Monitor was Mr. David B. Mathis. 

This report was prepared by Dr. Henry E. Tatem of the Ecosystem Research 

and Simulation Division (ERSD), Environmental Laboratory (EL), US Army Engi-

neer Waterways Experiment Station (WES). Ors. John Simmers, Charles Lee, and 

James Brannon, ERSD, provided assistance during the project and reviewed the 

final document. Ms. A. Susan Portzer, ERSD, provided expert technical assis-

tance for the laboratory phase of this study including the physical and bio-

logical characterization of the Brownsville, TX, sediment samples and the 

preparation of samples for chemical analyses. Other reviewers include 

Mr. John Lunz and Ors. Jurij Homziak and Mark Konikoff, Environmental 

Resources Division (ERO), EL. Mr. Richard Coleman was the CAAP Program Man-

ager. This report was edited by Ms. Janean Shirley of the Information Tech-

nology Laboratory. The study was conducted under the direct supervision of 

Mr. E. Jack Pullen, Chief, Coastal Ecology Group, and Dr. C. J. Kirby, Chief, 

ERO, and under the general supervision of Dr. Richard Lee, Team Leader, Con-

taminant Assessment/Monitoring Team; Dr. Lloyd Saunders, Group Chief, Con-

taminant Mobility and Regulatory Criteria Group; Mr. Donald Robey, Chief, 

ERSD; and Dr. John Harrison, Chief, EL. 

Commander and Director of WES was COL Larry B. Fulton, EN. 
Dr. Robert W. Whalin was the Technical Director. 

This report should be cited as follows: 

Tatem, Henry E. 1990. "Determination of the Chemical Suitability of a 
Dredged Material Containment Area for Aquaculture," Technical Report 
EL-90-12, US Army Engineer Waterways Experiment Station, Vicksburg, MS. 
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DETERMINATION OF THE CHEMICAL SUITABILITY OF A DREDGED 

MATERIAL CONTAINMENT AREA FOR AQUACULTURE 

PART I: INTRODUCTION 

Previous Dredged Material Containment Area Aquaculture Work 

1. The idea of using a dredged material containment area (DMCA) for 

aquaculture developed during the Corps of Engineers Dredged Material Research 

Program (DMRP). The DMRP was a 5-year program (1973-1978) managed by the 

Environmental Laboratory of the US Army Engineer Waterways Experiment Station 

(WES), at Vicksburg, MS (Saucier et al. 1978). One objective of the DMRP was 

to evaluate potential environmental consequences of dredging and disposal of 

dredged material and to transmit this information to Corps Districts and Divi-

sions. An important finding of the DMRP was that most dredged material does 

not contain elevated concentrations of chemical contaminants and does not 

cause adverse biological effects. Another objective of the DMRP was to eval-

uate the environmental impacts of confined disposal of dredged material as 

well as alternatives to open-water disposal. One way to increase the accep-

tance of confined disposal was to determine beneficial or potentially profit-

able uses of new DMCAs when they were not being used for dredged material 

disposal. To demonstrate the potential benefits of aquaculture at a DMCA, an 

aquaculture project, using the white shrimp Penaeus setiferus and a DMCA near 

Freeport, TX, was conducted under the DMRP. This study showed that healthy 

shrimp could be raised in a DMCA that had recently received dredged material 

(Quick et al. 1978). The crop produced was small due to a limited growing 

season, but there was no indication that the shrimp were unfit for human con-

sumption. The crop was awarded a Certificate of Wholesomeness for human con-

sumption by the US Department of Commerce (Quick et al. 1978). However, it 

did not appear that DMCA aquaculture could be profitable given the results of 

this project and the overall constraints on aquaculture in 1977. 
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The 1982 Galveston Workshop 

2. The Freeport project generated sufficient interest within the Corps 
that a workshop on aquaculture and DMCAs was held in September 1982 in Galves-

ton, TX (Homziak and Lunz 1983). The participants concluded that: 

~- The concept of using a DMCA for aquaculture was feasible and 
would benefit the Corps as well as the public. 

Q. A DMCA could be designed to produce profitable crops and/or ani-
mals for release to supplement existing wild stocks. 

£. Initial investment costs would be low since land and levees 
would be provided by the Corps. 

3. An important concern at the workshop was the effect of sediment con-

taminants such as metals, pesticides, petroleum hydrocarbons, etc., on aqua-

culture. It was recognized that contaminants may be found in some aquatic 
sediments, especially fine-grained, organic materials. Aquatic sediments from 

urban or industrialized areas are likely to contain elevated levels of some 

contaminants, in comparison to background or reference sediments (Swartz 

et al. 1985; Long and Chapman 1985). Sediment contaminants could be harmful 
to an aquaculture operation by their effects on the growth and survival of the 

crop or through the consumer's perception that the crop was contaminated. 

Sediment Quality and Aquaculture 

4. The effect of sediment contaminants on aquaculture has received lit-

tle attention because aquaculture operations are not generally located at or 

near contaminated or industrial sites. Potential problems involving pesti-

cides, petroleum hydrocarbons, or other contaminants could be solved by simply 

moving the operation to another location or possibly by removing any contami-

nated soil. Aquaculture operators have always been interested in water 

quality (Dupree and Huner 1984; Stickney 1979; Griffin and Mitchell 1988) but 

less concerned with sediment quality. A report by Tucker and Thompson (1987) 

cites the dangers of using pesticides and diesel oil to control unwanted 

insects and crustaceans in aquaculture ponds but did not discuss sediment 

contaminants. Past emphasis on water quality over sediment quality is most 

likely related to the fact that contaminants in water tend to affect aquatic 

organisms quickly, causing either depth or abnormal behavior within a matter 

of hours or days. Contaminants in sediments, however, are generally less 

bioavailable and therefore are often ignored. 

4 



5. Tatem (1983) concluded that some sediment contaminants were poten-

tially available to some aquatic organisms. This was not seen as an insur-

mountable problem, primarily because many DMCAs contain sediments that are not 

contaminated. Laboratory tests (both chemical and biological) are also avail-

able to identify dredged material that would be suitable for an aquaculture 

operation. The Corps currently tests most dredged material for potential 

environmental effects prior to disposal. These tests establish the accept-

ability of the material for open-water disposal. Similar tests could be used 

to demonstrate the acceptability of a DMCA for aquaculture. 

6. Numerous studies indicate that most dredged material is primarily 
sandy and does not contain elevated levels of contaminants or cause adverse 

biological effects (Saucier et al. 1978; Gambrell, Khalid, and Patrick 1978). 

Many DMCAs are relatively uncontaminated (Landin and Smith 1987; Landin 1988) 

and are suitable for aquaculture (Lunz et al. 1984; Lunz 1985; Lunz and 

Konikoff 1987). 

Objectives of This Study 

7. One recommendation of the Galveston workshop was for a field demon-

stration of DMCA aquaculture. The Containment Area Aquaculture Program (CAAP) 

was initiated in 1986 to demonstrate profitable DMCA aquaculture in conjunc-
tion with dredged material disposal. This study was established to evaluate 

sediment at the CAAP demonstration site near Brownsville, TX, and to examine 
ways to determine the chemical suitability of a DMCA for aquaculture. This 

report includes: (a) a discussion of contaminants that may be present in DMCA 

sediments; (b) the effect of physical and chemical conditions at a DMCA on 

contaminant bioavailability; (c) procedures for screening DMCA sediments for 

contaminants, toxicity, and bioaccumulation; (d) current US Food and Drug 

Administration (USFDA) guidelines for contaminants in food intended for human 

consumption; and (e). procedures and costs involved in a DMCA chemical suit-

ability analysis. 
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PART II: POTENTIAL DMCA SEDIMENT CONTAMINANTS 

8. The physical/chemical relationships between sediments and contami-

nants have been addressed in numerous reports and publications. Saucier 

et al. (1978) summarized over 250 studies on sediments, contaminants, and the 

effects of sediment contaminants on aquatic organisms. Other publications 

(Patin 1985, 1987) present the annual US/Japan meetings on the management of 

bottom sediments containing toxic substances. A review of the effects of con-

taminated sediments on fish and wildlife (Olsen 1984) provides additional 

information. Data are available concerning contaminated sediments from the 

West Coast (Schults et al. 1987), and the East Coast (Rogerson et al. 1985) of 

the United States and from Europe (Steneker et al. 1988). In a discussion of 

problems associated with managing contaminated coastal sediments, Anderson 

(1988) states that benthic data coupled with chemical analyses and sediment 

bioassays can be used to establish threshold toxicity levels for contaminants 

associated with sediments. This is important because it is difficult to 

determine the effects of a contaminated sediment on an organism simply by 

knowing that it contains a particular contaminant at a particular 

concentration. 

9. These reports indicate that many fine-grained sediments contain 

contaminants. The determination of biological effects such as acute toxicity, 

adverse effects on growth, or bioaccurnulation is difficult to predict, except 

in extreme cases, based on the knowledge that sediment X contains 0.1 to 10.0, 

or even 100.0, parts per million (ppm) of contaminant 
1

Y. Predicting biologi-

cal effects is complex because each sediment is different, in some respects, 

from all other sediments and all aquatic species differ in their interaction 

with sediments. An example of this complexity is bioaccurnulation. One class 

of sediment contaminants is polychlorinated biphenyls (PCBs); these compounds 

can be transferred from sediment to aquatic organisms (Rubinstein et al. 

1983), but concentrations found in animals after sediment exposure may be 

relatively low, on the order of 0.1 to 2.0 ppm. The actual biological effects 

of low tissue levels of PCBs are not clear (Dillon 1984). An additional com-

plication is that sediment organic carbon tends to trap contaminants and 

bioaccurnulated contaminants tend to be depurated (released) or metabolized as 

exposure concentrations decrease. 

10. One way to provide an aquaculture operator with data on what con-

taminants may be found in sediments and to illustrate "high" concentrations is 
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by specific examples. Sediment chemical analyses were performed for 

bioassayjbioaccumulation studies conducted at WES since 1978. Tables 1 and 2 

present general examples of chemical analyses of either reference (uncontami-

nated) or contaminated sediments. Table 1 contains data from reference sedi-

ments, including one (BVl) from the CAAP demonstration site at Brownsville, 

TX. Table 2 contains data on contaminated sediments. Most of the contami-

nated sediments could be characterized as heavily contaminated and were being 
studied to determine whether they were acutely toxic or caused significant 

bioaccumulation in exposed animals. Currently there are no national criteria 
for labeling a sediment as chemically contaminated (Shea 1988). Previous 

efforts to relate sediment chemical concentrations to biological effects have 

been only partially successful (Giesy 1988) because sediment contaminants are 

not generally bioavailable in the same sense that contaminants in water are. 

Sediment chemical data are used to indicate the presence/concentration of 

specific contaminants and whether bioassays or additional analyses are neces-

sary (Engler 1988). Tables 1 and 2 can be used only as general guidance in 

determining whether a DMCA sediment more closely resembles a typical reference 

sediment or has characteristics similar to a typical contaminated sediment. A 

key sediment parameter to consider is percent sand. More sand usually means 

lower total organic carbon (TOG) and total volatile solids (TVS) values and 
lower values for other contaminants like metals, PCBs, and polycyclic aromatic 

hydrocarbons (PAHs). Another example of how to use the tables is cadmium 

(Cd). Comparison of Cd values in the two tables shows that, with one excep-

tion, all of the reference sediment values are below 0.8 ppm while values for 

contaminated sediments range from 1.3 to 33.1 ppm. Similar comparisons can be 

made for total PCBs and PAHs. Data for pesticides indicate that most sedi-

ments, even those containing substantial concentrations of metals, PCBs, and 

PAHs, contain less than 1.5-ppm total pesticides. Sediments found to be toxic 

to laboratory test animals should not be recommended for aquaculture opera-

tions where a crop is being produced for human consumption. 
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PART III: THE INFLUENCE OF PHYSICAL/CHEMICAL CONDITIONS AT DMCAs ON 
CONTAMINANT BIOAVAILABILITY 

DMRP Studies on Sediments and Contaminants 

11. One objective of the CAAP was to demonstrate the use of a DMCA for 

aquaculture in a manner that would be beneficial for both the Corps and land-

owners. There have been many studies of DMCAs and of contaminated sediments 
but few studies on the feasibility of conducting commercial aquaculture opera-

tions at an active DMCA. Only recently has there has been a need to consider 

the use of a DMCA for something besides disposal of dredged material. The 

need for additional DMCAs has been discussed by Homziak and Lunz (1983) and by 

Lunz and Konikoff (1987). 
12. Physical and chemical conditions at dredging and dredged material 

disposal sites are important in relation to contaminant solubility and bio-

availability. Thus a review of the influence of these conditions on contami-
nants and their potential effects on aquaculture is necessary. An excellent 

source of information on DMCAs and the effects of contaminated sediments on 

aquatic animals is the DMRP. The influence of physical/chemical sediment 
properties on contaminant solubility and bioavailability at a DMCA is dis-

cussed in Gambrell, Khalid, and Patrick (1978). This DMRP report is particu-

larly useful because it contains discussion of the physical/chemical 

conditions of dredged material prior to dredging, compared with conditions at 

DMCAs, both flooded and dry. 

13. In addition to DMRP reports, results from post-DMRP research con-

ducted at WES and from the scientific literature concerning bioaccumulation 

from sediments are reviewed here. The potential effects of a typical aquacul-

ture operation on sediment physical/chemical conditions at a DMCA and the 

effects of these conditions on contaminant mobility and bioaccumulation are 

discussed. Possible adverse effects of contaminated dredged material on aqua-

culture at a DMCA include toxicity, reduced growth rates of cultured animals, 

and bioaccumulation of contaminants. 

14. The DMRP studies summarized in Saucier et al. (1978) showed that 

fine-grained sediments may contain nutrients, metals, and detectable levels of 

organic contaminants like PCBs and PAHs. Contaminants found in dredged mate-

rial are usually closely associated with sediment particles, either adsorbed 
to the particles or incorporated into the crystalline structure. Thus, 
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release of contaminants during dredging and disposal operations can be mini-

mized by physical control of sediment particles. Because of the close associ-

ation between contaminants and particulates, the impact of contaminated 

dredged material cannot be predicted solely on the basis of sediment chemical 

content. Another finding was that upland confined disposal of dredged mate-

rial is not always preferable to subaqueous (open-water) disposal because com-

plex physical and chemical conditions, or changes in the dredged material, at 

upland (unflooded) DMCAs would favor conditions that would inhibit contaminant 

release (Saucier et al. 1978). These findings are directly related to the 

concept of using an active DMCA for aquaculture. 

15. Methods for determining dredged material pollution potential were 

evaluated during the DMRP. Sediment chemical analyses can be used to indicate 

the presence or absence of specific chemical contaminants, but the presence or 

absence of a specific contaminant may not directly relate to the environmental 

impact. Other tests were found to be more appropriate for predicting poten-

tial environmental impacts, such as the elutriate test and bioassay/ 

bioaccumulation tests (Brannon 1978). The elutriate test measures the concen-

trations of contaminants released from dredged material into the water column, 

under environmental conditions simulating open-water dredged material dis-

posal; bioassay and bioaccumulation tests show whether sediment contaminants 

are available to aquatic organisms. All sediments, whether contaminated or 

not, contain metals and nutrients from natural sources (Brannon 1978). Other 

contaminants, such as PCBs, most petroleum hydrocarbons, and pesticides, are 

not natural constituents of sediments. Thus, the presence of these kinds of 

contaminants usually indicates contamination due to human activities. From 

the results of the DMRP studies on the subject, Brannon (1978) concluded that, 

in most cases, contaminants associated with sediments containing silt and clay 

and organic carbon are generally not readily available to aquatic organisms. 

Elutriate tests conducted with contaminated sediments revealed that the only 

constituents released in significant quantities were manganese and ammonia 

nitrogen. Most naturally occurring metals in sediments are tightly bound to 

sediment particles and are relatively immobile and unavailable (Brannon 1978). 

16. The potential environmental impact of sediments containing metals 

and organic contaminants such as PCBs and pesticides should be evaluated 

through bioassay testing or by comparison of sediments at a DMCA with nearby 

reference sediments. Reference sediments can be defined as sediments known to 

be uncontaminated or shown not to cause toxicity or bioaccumulation in 
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laboratory bioassays. Low concentrations of organic contaminants (PCBs, pes-

ticides, and petroleum hydrocarbons) near detection limits or in the low part 

per billion (ppb) range should not be of concern if the sediments contain 

organic carbon. Organic contaminants in sediments containing substantial 

amounts of organic carbon, as well as silt and clay, are likely to be less 

available to aquatic organisms than organic contaminants in sediments low in 

such constituents. The most mobile and potentially available sediment contam-

inants are those found in the sediment interstitial water, those adsorbed to 

the cation exchange complex, or those associated with amorphous iron (Fe) and 

manganese (Mn) oxides (Brannon 1978). Soluble contaminants, whether in inter-

stitial or overlying water, are always more available to cause toxicity or 

bioaccumulation compared with contaminants associated with sediment particles. 

17. The situation for PAH contaminants differs from that of PCBs, pes-

ticides, and metals. The PAHs are not as persistent as the other contaminants 

in animal tissues and may be found, at low concentrations, in otherwise uncon-

taminated sediments due to either natural deposits of petroleum, normal oil-

drilling operations, or atmospheric deposition from fires and fossil fuel 

combustion. As many as 40 or more separate PAHs may be found in sediments, 

each with a different solubility and potential for toxicity and bioaccumula-

tion (Neff 1979; Neff and Anderson 1981). Many PAHs are volatile and would 

decrease dramatically at a DMCA allowed to drain and be exposed for a period 

of weeks. 

18. Studies on the water quality of influents and effluents at DMCAs 

(Chen et al. 1978) have also demonstrated that contaminants are associated 

with sediment particles and that the two most soluble sediment constituents 

are manganese and ammonia nitrogen. An appropriate control for DMCA effluents 

that did not meet applicable water quality standards was to retain the sedi-

ment in the DMCA by allowing the particulates to settle, thus resulting in 

lower contaminant concentrations in the effluent. This suggests that water in 

a DMCA containing lightly contaminated sediments can be uncontaminated and 

thus suitable for aquaculture. Chen et al. (1978) reported that factors such 

as particle size, salinity, pH, cation exchange capacity, sulfides, nitrogen 

and phosphorus compounds, organic carbon, oil and grease, pesticides, and 

metals can affect effluent water quality. The sulfur cycle, for example, was 

shown to be an important factor in relation to the solubility of metal contam-

inants. Soluble sulfate ions, present in seawater and most estuarine environ-

ments, are reduced to sulfides in sediments under anaerobic conditions. Thus, 
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metals in the sediments will be in the form of highly insoluble metallic sul-

fides. When these sediments are dredged and disposed, under aerobic (oxidiz-

ing) conditions, oxidized compounds such as carbonates, hydroxides, etc., can 

be formed. These oxidized metallic compounds are more soluble than the 

reduced sulfide compounds (Chen et al. 1978) and could be released at the 

site. 

Effect of Sediment Properties on Contaminants 

19. Gambrell, Khalid, and Patrick (1978) summarized the effects of 

sediment properties on contaminant interactions as follows: 

Sediment Property 

Clay content/type 

Cation exchange 

Organic matter 

pH 

Fe and Mn oxides 

Oxidation-reduction 
or redox potential 

Effect On Contaminants 

Higher clay content generally means greater sediment 
adsorptive capacity for all contaminants; expansive 
clays such as montmorillonite have higher cation 
exchange capacity and possess more adsorptive 
capacity than nonexpansive clays like kaolinite. 

A high cation exchange capacity allows the sediment 
to adsorb cationic contaminants; this removes con-
taminants from solution and lowers their potential 
availability; but they still can be desorbed and 
remain potentially mobile. 

More humus (plant material that has undergone 
decomposition) in sediment means that the sediment 
can bind metal and organic contaminants. 

This sediment property becomes a problem when 
values are either below 5.0 or above 8.5; acid con-
ditions below pH 4.0 can result from oxidation of 
sulfide and pyrite, resulting in greater solubility 
and availability of metals; basic conditions result 
in the release of free ammonia and make the sedi-
ment unsuitable for most plants. 

In general, the higher the level of Fe and Mn in a 
sediment, the greater the immobilizing capacity of 
that sediment; anaerobic sediments may contain 
soluble ferrous oxide formed by bacteria; upon 
oxidation ferric oxides are formed that can 
immobilize metals released from sediment. 

Oxidized and reduced conditions can be defined 
chemically, by the presence or absence of oxygen 
and oxidized or reduced inorganic sediment com-
ponents; microorganisms are responsible for con-
version of most soil components from oxidized to 
reduced forms; redox potentials of +500 mV or 
higher are oxidizing while those of the -150 mV or 
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Salinity 

lower are highly reducing, with most sediments 
being between these values; oxidized conditions 
favor the solubility of most metals while reduced 
conditions tend to immobilize metals. 

Salt water tends to cause the flocculation of clays 
and fine organic particulates, thereby improving 
the water quality; sodium ions in salt water may 
displace metal cations from clay and organic 
particulates; however, the aquatic toxicity of 
metals is generally greater in freshwater systems 
compared with saltwater systems. 

Aquaculture Operations 

20. Construction of a DMCA to be used for disposal of dredged material 

and aquaculture has been described in detail by Lunz and Konikoff (1987) and 

Homziak and Lunz (1987).* Components of a DMCA to be used for aquaculture are 

levees, a water pumping station and intake canal, and a water outflow/harvest 

structure. The facility should be slightly elevated in relation to a nearby 

water source, and thus would be essentially a dry, upland area that is period-

ically flooded. At some DMCAs, grading and leveling would be necessary to 

facilitate harvest of the aquaculture crop. Before animals could be intro-

duced, the DMCA would be flooded. Typically, it would remain flooded for a 

period of days or weeks prior to introduction of the aquaculture crop. During 

this period water temperature, salinity, dissolved oxygen, pH, etc., would be 

closely monitored, and fertilizers could be added to promote the growth of 

algae and microorganisms that would be beneficial to the crop. Animals could 

then be introduced to the site and grown to market size. 

21. Some animals would be harvested using seines, but at some point the 

DMCA would be drained to remove the majority of the crop. This would inten-

sify the exposure of some of the crop to the DMCA sediment for a brief period. 

It is assumed that an initial evaluation of the DMCA sediments would be con-

ducted to demonstrate that the dredged material at the DMCA would not be harm-

ful to the proposed aquaculture operation. This evaluation would include, at 

a minimum, a "reason to believe" investigation of the DMCA and the areas 

nearby plus any necessary chemical analyses and sediment bioassays of the 

* J. Homziak and J. D. Lunz. 1987. "Aquaculture in Dredged Material Con-
tainment Areas: A Commercial Scale Demonstration of the Concept," paper 
presented at the Wetlands Management Conference in New Orleans, LA, 
September 1987. 
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material to be placed at the site. Much of this information should be avail-

able from the Corps District responsible for the dredging operation. The 

organisms should be monitored during the grow-out period to ensure an accept-

able product at harvest. Once a crop is harvested, the DMCA aquaculture site 

could be allowed to remain dry for a period for any necessary construction 

work, or it could be immediately reflooded and another crop started. It is 

important to note that throughout the time when animals are exposed to the 

sediment, the DMCA will be flooded. Therefore, the physicochemical conditions 

of the sediment should be generally similar to those at an open-water disposal 

site rather than those at an upland disposal site. 

Physical/Chemical Conditions and Contaminant Mobility 

22. The mobility of sediment contaminants is heavily influenced by the 

physicochemical conditions that prevail in the sediment. Sediment contami-

nants considered by Gambrell, Khalid, and Patrick (1978) include mercury (Hg), 

Cd, lead (Pb), zinc (Zn), copper (Cu), nickel (Ni), chromium (Cr), arsenic 

(As), chlorinated and petroleum hydrocarbons (CH and PH), Fe, Mn, nitrogen 

(N), phosphorus (P), and sulfur (S). Typical dredged sediments are anoxic 

(reduced) and near neutral in pH. Depending on the disposal methods and prop-

erties of the dredged sediments, changes in the physicochemical conditions at 

the disposal site may result in substantial mobilization of certain poten-

tially toxic contaminants (Gambrell, Khalid, and Patrick 1978). 

23. Disposal of dredged material into a DMCA can result in changes in 

the physicochemical properties of the sediment such as pH and oxidation-reduc-

tion potential, which in turn can affect contaminant association with sedi-

ment, amounts of reactive Fe and Mn, and contaminant mobility. For example, 

if dredged material placed at a confined disposal site is allowed to dewater 

and oxidize, the pH of the dredged material may decrease, resulting in 

increased mobilization of metals (Gambrell, Khalid, and Patrick 1978). How-

ever, if the site is reflooded, residual oxygen demand should be sufficient to 

cause the sediment to return to anaerobic conditions. Anaerobic processes can 

reverse the changes in the sediment caused by aerobic conditions, resulting in 

a neutral pH, the reformation of sulfides, and precipitation of mobilized 

heavy metals by the sulfides. If the DMCA is not subject to dewatering and 

oxidation, the physicochemical conditions in the dredged material should 

remain similar to those at the dredging site following a period in which 
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settling of solids and sediment reequilibration occurs. Since DMCAs will not 

be drained and allowed to oxidize while a crop is being grown, the physico-
chemical conditions at the site should be similar to an open-water site. 

Toxicity and availability of sediment contaminants can be determined by use of 

toxicity and bioaccumulation tests developed for open-water dredged material 

disposal sites. 
24. Gambrell, Khalid, and Patrick (1978) emphasize that heavily contam-

inated sediments should not be used for habitat development (such as aquacul-

ture) because of possible contaminant introduction into food chains but that, 

in some cases, slightly and even moderately contaminated materials could be 
used for many purposes at upland disposal sites. Gambrell, Khalid, and 

Patrick (1978) divided potential sediment contaminants into three groups: 

~- High risk (Hg, Cd, and chlorinated hydrocarbons). 
Q. Low risk (N, P, and Fe). 

£. Low to high risk, depending on environmental conditions and 
other factors (Pb, Cu, Zn, Ni, Cr, As, Mn, and petroleum 
hydrocarbons). 

Ranking of Individual Sediment Contaminants 

25. The hazards of individual contaminants, natural elements, or groups 
of contaminants and elements were summarized as follows: 

~- Hg--potentially the most hazardous toxic metal; a reducing, 
near neutral pH favors the long-term stability of sulfide and 
organic complexes and thus will minimize release; oxidizing 
conditions may enhance release compared with reduced 
conditions. 

Q. Cd--like Hg, is potentially very hazardous; the availability of 
Cd is strongly affected by oxidation-reduction conditions; oxi-
dizing conditions and lowering pH tend to increase soluble lev-
els; near neutral pH along with a reduced disposal environment 
should immobilize this contaminant. 

£. Pb--a potentially toxic metal often found in sediment at con-
centrations much higher than Hg or Cd; it can be effectively 
immobilized by sulfide and organic material under reducing con-
ditions; also immobilized by organics and hydrous Fe oxides 
under oxidizing conditions; release may occur at an upland DMCA 
if acidic, oxidizing conditions develop. 

Q. Zn, Cu, Ni, and Cr--these metals are toxic at high concentra-
tions, but are also essential nutrients, in trace amounts, for 
both plants and animals; they may be mobilized under oxidizing, 
acidic conditions but are generally unavailable under reducing, 
neutral pH conditions; sediments containing low to moderate 
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levels of these metals can be considered for marsh creation 
and/or habitat development. 

g. As--the mobility of As is subject to changes in pH and 
oxidation-reduction conditions; reducing conditions favor the 
more mobile organic and arsenite forms over arsenate; thus, in 
contrast to the other metals, As release is generally lower 
under acidic, oxidized conditions and increases with increasing 
pH and reducing conditions. 

f. CH and PH--these important contaminants, the chlorinated and 
petroleum hydrocarbons, do not exhibit a consistent response to 
specific oxidation-reduction or pH conditions; they are gener-
ally associated with sediment particles (silt or clay) or sedi-
ment organic carbon, and, in general, are not found in 
uncontaminated or reference sediments; low to moderate levels 
of PH would be less of a concern than similar levels of CH; the 
CH contaminants, depending on the amount of organic carbon in 
the sediment, are generally bioavailable and can be relatively 
persistent in animal tissues after bioaccumulation has 
occurred. 

&· Fe and Mn--these metals are generally not a problem at DM dis-
posal sites; sediment Fe concentrations are normally much 
greater than the other metals; hydrous Fe oxides, formed under 
oxidizing conditions, can scavenge potentially toxic metals at 
upland disposal sites. 

h. N and P--when released from dredged material, these substances 
can increase biological productivity at confined dredged mate-
rial disposal sites. 

i. S--under reduced conditions sulfide can effectively immobilize 
toxic metals; oxidation of sulfur compounds at upland sites can 
promote acidic conditions resulting in the release of toxic 
metals. 

Effects of Aquaculture Operations on Contaminant Bioavailability 

26. Typical aquaculture operations at DMCAs similar to the Brownsville 

demonstration site (Homziak and Lunz 1987) are unlikely to encounter toxicity 

or bioaccumulation problems in relation to contaminated sediments. Aquacul-

ture operations should not be attempted at a DMCA where sediments are toxic to 

laboratory test animals or where animals bioaccumulate contaminants. 

Bioassay/bioaccumulation testing of sediments prior to dredging as well as 

sediment chemical analyses should be mandatory for planning an aquaculture 

operation at a DMCA. Low levels of contaminants (identified by comparison 

with nearby reference sediments and bioassay/bioaccumulation testing) should 

not be harmful to most aquaculture operations. 
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Sediment Bioaccurnulation Literature 

27. Sediment bioaccurnulation experiments have been conducted since 1971 

when fiddler crabs were exposed to a PCB-contaminated sediment and found to 

bioaccurnulate PCBs (Nimmo et al. 1971). Further research in this area has 

been conducted using contaminated sediments from freshwater, estuarine, and 

marine environments. The term "bioaccurnulation" means that aquatic organisms, 

exposed to a contaminated sediment, contain higher concentrations of the con-

taminant, such as PCB, compared with animals not exposed to the contaminated 

sediment or exposed to clean reference sediment. McGreer et al. (1981) 

exposed a deposit-feeding clam and filter-feeding mussel to marine sediment, 

contaminated with metals and PCB, taken from near a ship repair facility. The 

test animals were shown to accumulate PCB and Pb from the sediment. Animals 

obtained at the field site contained elevated concentrations of PCB, Pb, and 

Cu in comparison to reference animals (McGreer et al. 1981). Tatem (1986) 

describes a series of laboratory sediment bioaccurnulation tests where two 

freshwater animals, a prawn and a clam, were exposed for up to 50 days to con-

taminated sediment. Both organisms bioaccurnulated PCBs and Pb from the sedi-

ments. The sediment bioaccumulation factors (BAFs) (the concentration in 

animals divided by the concentration in sediment) were as high as 2 to 12 for 

PCB yet were much lower (approximately 0.02) for Pb. 

28. Neff (1984) found, in a literature review, that organic pollutants 

adsorbed to sediments were not highly bioavailable to aquatic organisms. 

Sediment BAFs ranged from less than 0.1 to about 20. Bioavailability was 

directly related to compound solubility and sediment grain size and inversely 

related to sediment organic carbon concentration and animal size. Seelye and 

Mac (1984), in another review of the sediment contaminant bioavailability 

literature, indicated that bioaccumulation of organic contaminants (such as 

PCB) from sediments has been demonstrated many times, but that data on bio-

accurnulation of metals are more variable and therefore limited. Such con-

flicting results are apparently related to the effects of sediment 

physicochemical conditions on sediment metal bioavailability. Results of 

numerous sediment bioaccurnulation studies demonstrate that contaminant uptake 

is specific for a given sediment, contaminant, or animal. Despite such con-

flicting data, it is apparent that many aquatic animals can bioaccumulate 

contaminants from contaminated sediments. Many studies support the conclusion 
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that chemical analyses of sediments alone cannot be used to predict contami-

nant bioaccumulation. 

Literature on Aquaculture and Contaminants 

29. Numerous studies have shown that water containing low levels of 

various environmental contaminants can be used for aquaculture (Mann and 

Ryther 1979; Landau et al. 1985; Landau and Pierce 1986; and Seidler et al. 

1986). The contaminants monitored in these studies included metals and the 

organic contaminant pentachlorophenol (PCP). Results indicated that, in a few 

cases, when animals were exposed to the wastewaters they bioaccumulated con-

taminants to levels greater than control animals, but that the levels gen-

erally remained well below action levels established by the USFDA for food 

intended for human consumption. A summary of the USFDA action levels can be 

found in Lee et al. (1990). Landau and Pierce (1986) reported that the shrimp 

Penaeus vannamei reared in a pond receiving wastewater that also contained 

sediments heavily contaminated with Hg (1 to 100 ppm) did not bioaccumulate Hg 

to levels any greater than those normally found in marine shrimp. The Hg 

found in shrimp tissues was associated with nonedible tissues rather than 

edible tissues. These results indicate that aquaculture using wastewater and 

aquaculture in ponds containing contaminated sediments is feasible, although 

additional research was recommended. It seems apparent that (a) contaminants 

associated with sediment are not as available to aquatic animals as those con-

taminants present in water and (b) that when animals do bioaccumulate contami-

nants from sediments, the tissue concentrations are, in many cases, not 

substantially greater than the sediment concentrations, i.e., contaminants are 

not normally concentrated from sediments in the same manner that they are con-

centrated from water (Neff 1984). Animals containing low levels of most con-

taminants can be depurated (contaminants removed) by holding the animals in 

clean, flowing water. In addition, it appears that bioaccumulated contami-

nants are not generally associated with edible tissues. 

Conclusions 

30. The following conclusions may be made regarding the influence of 

physical/chemical conditions at DMCAs on contaminant bioavailability: 
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~- The literature has shown that most dredged material is rela-
tively uncontaminated and that many contaminants adsorbed to 
sediment particles, especially the metals, are generally 
unavailable to aquatic organisms. 

Q. If there is any reason to believe (after review of existing 
data) that there will be a contaminant-related problem for an 
aquaculture operation, then toxicityfbioaccumulation tests 
should be conducted prior to initiation of the operation, or 
the site should be rejected. 

£. Animals cultured at a DMCA known to contain low concentrations 
of some contaminants should be monitored during the grow-out 
period to ensure an acceptable product at harvest. 

Q. Uncontaminated sediments may contain ppm levels of certain 
metals and still be appropriate for aquaculture operations, but 
should not contain similar levels of specific organic contami-
nants such as pesticides, PCBs, and specific petroleum 
hydrocarbons. 

~- Normal aquaculture practices should not increase the bioavail-
ability of contaminants associated with sediments. Increased 
organic compounds from food and animal waste products would 
tend to increase immobilization and decrease contaminant bio-
availability. Sediment at a DMCA being used for aquaculture 
should not be disturbed unnecessarily since this could promote 
contaminant resuspension and greater potential contact of the 
animals with the suspended sediment. 
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PART IV: PROCEDURES FOR SCREENING DMCA SEDIMENTS FOR TOXICITY AND 
BIOACCUMUI.ATION: BIOASSAY OF CMP SOIL SAMPLES 

Sediment Toxicity and Bioaccumulation Testing 

31. Most dredged material, whether scheduled for open-water or upland 

disposal, is either known to be uncontaminated or is tested for environmental 

effects by some combination of particle size/chemical analyses and/or biologi-

cal testing. The biological tests normally focus on the sediment environment 

via sediment toxicity and bioaccumulation tests. The terms "sediment tox-

icity" and "sediment bioaccumulation" refer to tests designed to show whether 

sediment causes mortalities among test animals or whether the sediment con-

tains contaminants at concentrations that can be bioaccumulated. The length 

of sediment toxicity tests is usually 4 to 6 days, while sediment bioaccumu-

lation tests are usually run for either 10 or 20 days. Methods for testing 

dredged material were published in 1977 and are available from most Corps Dis-

tricts. The general guidelines, however, have been supplemented in many 

coastal areas by local (Corps District or Division) test manuals developed in 

conjunction with US Environmental Protection Agency (EPA) regions and State 

agencies. Each District has the authority, in conjunction with other agencies 

and the states, to determine what tests will be conducted for a given dredging 

project. Large or controversial projects, especially those near significant 

sources of contaminants, will be subjected to more testing compared with other 

projects. A DMCA containing material from an environmentally controversial 

project is not likely to be used for aquaculture. 

32. It is possible that a DMCA would be proposed for aquaculture where 

the dredged material in the facility had received only minimal environmental 

testing. Material that will be placed at a DMCA may not be tested for open-

water effects since it is not scheduled for open-water disposal. In this case 

the potential aquaculture operator should be prepared to work with the Dis-

trict and assume the responsibility for evaluation of the DMCA and the DMCA 

sediment for acceptability for aquaculture. The District should provide the 

aquaculturist with the information it has on the proposed site as well as any 

relevant Corps publications on DMCAs and aquaculture. There are many obvious 

questions to ask. What is known about the material placed at the site? What 

kind of material has been placed there in the past? Where did it come from 

and what analyses or tests have been conducted on this material or on other 
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material taken from the same area? Were there animals in the sediment as it 

was placed at the DMCA? Are there any animals living at the DMCA? What is 

their condition? Have any chemical analyses been performed on these animals? 

Were the sediments screened for all possible contaminants, or were they 

analyzed for a few specific parameters such as Cd, Hg, and PCBs? Were any 

acute toxicity tests performed with organisms similar to those to be used in 

the aquaculture operation? 
33. Basic toxicity tests can be relatively simple, inexpensive, and 

easy to interpret, while bioaccumulation tests, especially tests involving 

sediments, can be complicated, expensive, and difficult to interpret. How-
ever, if there is a good reason to do a sediment bioaccumulation test, then 

the DMCA is probably not suited for aquaculture. A major problem is that it 

is virtually impossible, without a substantial economic commitment, to test 

DMCA sediments for all possible contaminants. Hopefully a District interested 

in developing aquaculture at a DMCA will be able to help the potential opera-

tor make the necessary testing decisions prior to beginning the operation. If 

there are any indications that the DMCA will not be suitable for production of 
a high quality crop that can be sold for a profit, then there is no need to 

continue testing. 

34. While some bioassays and chemical analyses can be expensive, there 

are sediment analyses that are relatively •inexpensive. These include particle 

size data and the miscellaneous sediment parameters such as TOG, TVS, COD, and 

oil (0) and grease (G). Analyses for metals are not as expensive as those for 

organic contaminants like PCBs, pesticides, and PAHs. If the DMCA contains 

natural populations of animals like fish, clams, or shrimp, these should be 

examined and possibly analyzed as one way to avoid the cost of conducting the 

bioaccumulation tests. Of course, if the initial sediment analyses do not 

indicate any substantial concentrations of contaminants, there would be no 

need for tissue analyses of test animals or those found at the DMCA site. 

General Bioassay Procedures 

35. There are numerous references available on general bioassay methods 

(Buikema et al. 1982; American Public Health Association (APHA) 1985; American 

Society for Testing and Materials (ASTM) 1980) and for those interested in 

determining whether a particular sediment is potentially toxic or harmful to 

relatively sensitive aquatic organisms (Nebeker et al. 1984; Swartz et al. 
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1985). The most cost-effective way to test a DMCA sediment for potential 

toxicity is for the aquaculturist to work with the District and a commercial 

bioassay laboratory. The aquaculturist could obtain sediment samples from the 

DMCA and have the necessary tests performed by the commercial laboratory. The 

initial tests should include sediment particle size and miscellaneous parame-

ters, metals, and animal bioassays using either a standard laboratory animal 

such as Mysidopsis or juveniles of the species planned as the aquaculture 

crop. The following discussion of testing, performed on sediment from the 

CAAP demonstration site at Brownsville, TX, is an example of the work neces-

sary to evaluate a potential aquaculture site. 

Testing of CAAP Demonstration Site Sediments 

36. Surface soil samples, consisting of dry, aged dredged material, 

lacking any obvious smell or oiliness, were obtained from five sites within 

the CAAP demonstration site and from the adjacent ship channel. Sample loca-

tions are shown in Figure 1. Samples were taken with a shovel from five spots 

in Area A and one spot along the edge of the Brownsville Ship Channel (BSC). 

Approximately 10 of soil were taken from each location to a depth of 48 cm. 

Soil from Area A was dry, while material from the BSC was wet. These samples 

were transported to WES and tested in the laboratory using mysid shrimp, 

Mysidopsis bahia, and penaeid shrimp, P. vannamei, the potential aquaculture 

animal. Separate bioassays were performed for each of the two species. The 

dry soil samples were stored in soil bags at 4° C prior to being tested. 

Mysids were purchased from a consulting firm in Gainsville, FL. They were 

72 hr old and were held for 2 weeks in aquaria containing salt water at 

14 parts per thousand (ppt) salinity and 24°C, before exposure to samples BV-1 

and BV-2. 

37. Soil and 14-ppt seawater were placed in glass jars at a ratio of 

1:4, sediment to water. A 1.5-~ volume of dry soil was added to a jar con-

taining 6 of seawater. Soil and seawater were stirred by hand, then placed 

on a shaker platform, and shaken for 40 min at 120 rpm. Afterwards, the mix-

tures were allowed to settle overnight (16 to 20 hr). Dissolved oxygen (DO) 

in the water over the soil (the supernatant) was determined the next morning. 

The DO concentration was >7.5 ppm, a level near 95-percent saturation that is 

quite acceptable for aquatic organisms. 
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38. Test solutions were prepared by adding wet soil (200 ml) and super-

natant (800 ml) from the mixing jar to laboratory beakers. There were four 

replicate beakers for each of three treatments (BV-1, BV-2, and a control). 

Controls contained 14-ppt salinity seawater with no soil. Ten adult mysids 

chosen randomly from the laboratory population were added to each beaker. 

Beakers were set in a water bath held at 25° C. The mysid bioassay was con-

ducted as an initial 48-hr screening test. There were no water changes during 

the 48-hr test; mysids were not fed due to the relatively brief exposure 

period. The DO levels remained above BO-percent saturation without aeration 

due to the small number and size (<l cm) of the test animals. The animals in 

BV-1 and BV-2 beakers could not be counted during the test because of the 

turbidity of the water. 

Results of Sediment Bioassays of CAAP Soil Samples 

39. Results at 48 hr are given in Table 3 and demonstrate excellent 

survival. Over 97 percent survival was recorded for the controls and 

95 percent for animals exposed to the CAAP soil samples. A few newly hatched 

mysids were found in the BV-1 and BV-2 beakers, an additional indication of 
the absence of toxicity associated with these samples. Mysids are routinely 

used for laboratory bioassays and water quality testing and are recognized as 

being sensitive to a variety of contaminants (Nimmo and Hamaker 1982; Roberts 

et al. 1982; Reitsema and Neff 1980). 

40. Penaeus vannamei postlarvae less than 1 cm in length were obtained 

from Continental Fisheries, Panama City, FL. They were held at 24° C and 

30-ppt salinity for 5 days before testing. Due to their small size, they were 

fed a phytoplankton culture sent by the supplier, as well as a liquid marine 

invertebrate diet, brine shrimp nauplii, and baby fish food. A known volume 

of soil or sediment was mixed with seawater (1:4 ratio) using methods similar 

to those described for the mysid bioassay. Test treatments included a control 

and four samples from the CAAP site: BV-1 from Sites 1 and 2 (Figure 1), BV-3 

from Site 3, BV-5 from Sites 4 and 5, and BV-6 from Site 6 at the edge of the 

Brownsville Ship Channel. Postlarvae were also exposed to a moderately con-
taminated marine sediment (sediment BC-2 in Table 2). This sediment contained 

relatively high concentrations of metals such as Hg, Cd, Cu, Cr, Pb, and 

3.6 ppm total PCB. This sediment was used to generate preliminary data on the 
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Figure 1. Sketch map of CAAP demonstration site (Area A) on the Brownsville Ship Channel 
near Brownsville, TX, showing sediment sampling locations 



sensitivity of these shrimp to contaminated sediment and as a contrast to the 

uncontaminated Brownsville sediment. 

41. The 40-min shaking period and addition of the supernatant to beak-

ers containing soil or sediment did not lower DO concentrations, except for 

the BC-2 sediment. Water salinities increased after shaking to 32 to 34 ppt 

and were adjusted back to 30 ppt using O ppt water. Each test beaker received 

200 ml of wet soil or sediment, approximately 850 ml of supernatant, and 

11 postlarvae. Control beakers did not receive soil or sediment. Beakers 

were placed in a water bath; temperature was held at 26° C for the 5-day test. 

This test was run for 5 days (116 hr) because previous sediment tests (Tatem 

1988) showed that sediments, in many cases, do not affect test organisms in 

shorter tests. The test was static, and the animals were fed. Dissolved 

oxygen levels remained adequate without aeration (Table 4). 

42. Data given in Table 5 indicate no toxicity associated with exposure 

to either the Brownsville (BV) soil samples or the BC-2 sediment. A few 

postlarvae were missing at the end of the test. This is not surprising given 

the size of the test animals, their general transparency, and the soil or 

sediment at the bottom of the test beakers. Only one replicate beaker, a 

BV-5, had more than one missing postlarva. It is possible that missing shrimp 

died and were eaten. 

43. The data clearly show the nontoxic nature of the soil samples from 

the CMP site at Brownsville, TX. Both animals exposed to the soil samples 

revealed survival similar to controls. Thus the bioassay data, plus the data 

shown in Table 1 for the BV sample, demonstrate the kind of results that would 

indicate that the DMCA is acceptable for aquaculture. The chemical analysis 

data (Table 1, BVl) indicate little need for bioaccumulation tests. The 

justification for this decision is that the Brownsville sediment was composed 

of approximately equal amounts of sand, silt, and clay; in general, the more 

sand a sediment contains, the less organic carbon and volatile solids and the 

less contaminants. The three to four metals identified as most toxic by 

Gambrell, Khalid, and Patrick (1978) and Peddicord et al. (1986) (i.e., Hg, 

Cd, Pb, and Cu) were either very low or within the range of values shown in 

Table 1 for laboratory reference sediments. The concentrations of PCBs, PAHs, 

pesticides, and phthalates were below detection limits with the single excep-

tion of the phthalate bis(2ethylhexyl)phthalate, a widespread contaminant 

associated with plastics. In other words, none of the sediment chemical 

analysis data suggest anything unusual about these sediments. A complete set 
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of chemical analyses for the CAAP soils can be found in Appendix A. Appen-

dix B contains chemical analysis data for the Brownsville Ship Channel. 

44. There was also little evidence of contaminants in BSC water as 

determined by oyster analyses (see Appendix C). Oysters held in the BSC for 

34 days revealed relatively low concentrations of contaminants; concentrations 

were found to be below the "allowable" guidelines. 

45. Shrimp samples from the Gulf of Mexico, the (bait shrimp), and from 

the CAAP demonstration farm were analyzed for metals, pesticides, PCBs, and 

PAHs. The data are shown in Appendix D. These data clearly demonstrate that 

the shrimp grown at the CAAP demonstration farm, including those grown in 

Pond B where dredged material from the BSC was deposited during 1987, were 

uncontaminated and acceptable for human consumption. These shrimp contained 

very low concentrations of metals, pesticides, and PCBs that were lower than 

the concentrations found in local wild shrimp. The concentrations of PAHs for 

the CAAP demonstration farm shrimp were all below the detection limit of 

0.5 ppm. 
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PART V: GUIDELINES FOR CONTAMINANTS IN FISH AND SHELLFISH 
INTENDED FOR HUMAN CONSUMPTION 

46. The USFDA and an Australian governmental agency have set action 

levels (USFDA) or maximum concentrations (Australia) for various contaminants 

in aquatic organisms intended for human consumption. These concentrations 

apply to edible portions based on wet weight determinations. Contaminants in 

this list include pesticides, metals, and PCBs; however, there are no guide-

lines for many contaminants. For example, in the United States there are no 

guidelines for metals, except for methyl mercury, or PAHs in edible fish and 

shellfish (USFDA 1987) (Table 6). 

47. Since sediments at some DMCAs can be expected to contain low con-

centrations of some contaminants, the District and the potential aquaculture 

operator should be prepared, if necessary, to have selected chemical analyses 

performed on the crop and on similar organisms obtained from the local area 

for comparisons. An aquaculture crop would not be produced at a DMCA where 

the sediments were known to contain contaminants at concentrations that would 

be harmful. It is possible, however, that an otherwise acceptable DMCA would 

be found to contain detectable levels of one or two compounds, e.g., a metal 

or a PAH compound. In a case such as this, chemical analyses of the edible 

tissue could demonstrate that the crop was uncontaminated and fit for human 

consumption. Tissue analyses also might be necessary if there was a spill or 

some other unusual event at the DMCA or if additional dredged material was 

added to the DMCA during an active aquaculture operation. 
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PART VI: EVALUATION PROCEDURES AND COSTS INVOLVED IN A DMCA CHEMICAL 
SUITABILITY ANALYSIS 

48. This analysis assumes that water quality, i.e., salinity, DO, ammo-

nia, turbidity, pH, etc., at the DMCA site is good and is capable of support-

ing aquatic life, including small organisms that might be used as food by the 

aquaculture crop. A useful general reference, "Standard Methods for the Exam-

ination of Water and Wastewater" (APHA 1985, pp 698-701), contains a discus-

sion of water quality in relation to holding and culturing aquatic organisms. 

49. The following sediment chemical and biological tests, shown in 

Table 7, are designed to ensure that sediment at a potential DMCA aquaculture 

site is acceptable for use where animals will be produced for human consump-

tion. Some of these tests should be conducted on sediments thought to be 

uncontaminated to document that they will not be harmful to the animal pro-

duced. Tests will be designed to either "pass" the sediment or "raise a 

flag," if that is necessary. It is recommended that the District consider 

requiring these tests prior to entering into a formal agreement with a 

landowner/aquaculture operator. The analyses are appropriate for marine 

shrimp or fish aquaculture. Culture of bivalves would indicate a need for a 

bivalve bioassay and possibly some tissue analyses. 

50. Sediment chemical analyses should be conducted as needed to deter-

mine if contaminants are present. Selection of contaminants should be based 

on a "reason to believe" that contaminants are present. A minimum level of 

chemical analyses that would help a potential aquaculturist decide whether to 

proceed would include particle size data, miscellaneous sediment parameters 

such as TOG and COD, and six to eight metals. A minimum level bioassay test 

recommended is a "screening" sediment bioassay (Tatem 1988) using the small 

marine shrimp, Mysidopsis. An optional bioassay would be to use juveniles of 

the proposed aquaculture organism as the test animal. The minimum costs asso-

ciated with this kind of work, assuming at least four sample sites with at 

least three replicate samples taken at two of the sites, would be approxi-

mately $6,000 to $10,000 for the chemical analyses and the sediment bioassays. 

These costs assume that no unusual contaminants or conditions are encountered 

during the testing. Tests recommended for determining the chemical suitabil-

ity of a DMCA for aquaculture are given in Table 7, and a simple chemical 

determination flowchart is provided in Figure 2. Additional information 
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Figure 2. Chemical suitability determination flowchart for DMCA aquaculture 



concerning evaluation of DMCA sediments for aquaculture can be found in 

Appendix B. 
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Parameter 

Sand, % 
Silt, % 
Clay, % 

TOC, % 
TVS, % 
Fe, % 

COD, ppm 
TKN 
NH3N 
TP 
0 and G 

As 
Cd 
Cr 
Cu 

BVl 

33.00 
29.00 
38.00 

0.28 

2.30 

5,490.00 
321. 00 

5.90 
496.00 

4.90 
0.40 

20.00 
18.90 

Table 1 
Chemical Analysis of Typical Reference Sediments* 

PENS WEEK PERO PKAD MSRI 

Miscellaneous 

55.0 
15.0 
30.0 

0.08 0.08 0.12 1.00 1.1 
0.32 0.50 0.40 3.70 2.4 
0.30 0.18 3.10 1. 6 

3,860.00 8,420.00 1,260.00 9,025.00 27,000.0 
103.00 189.00 51.00 365.00 1,870.0 

4.00 210.0 
35.00 46.00 21.00 498.00 867.0 

1,260.00 5,040.00 5,290.00 230.0 

Metals, ppm 

0.90 1.00 0.10 17.50 2.3 
0.04 0.10 <0.05 0.23 4.5 
1. 30 31. 70 0.30 69.90 54.7 
2.60 4.00 <1.00 27.90 25.3 

(Continued) 

BC-1 NYRE {X}** 

99.00 (62) 
0.10 (15) 
0.90 (23) 

0.10 (0.4) 
1. 20 (1.4) 
0.90 (1.4) 

1,245.00 (8043) 
56.00 (422) 
6.00 (57) 

99.00 (295) 
12.00 (2366) 

8.2 4.10 (4.9) 
0.8 0.04 (0.8) 

123.0 20.00 (40.1) 
82.7 5.30 (21.0) 

NOTE: BVl = Brownsville, TX; PENS= Pensacola, FL; WEEK= Weeks Bay, AL; PERO - Perdido Bay, FL; PKAD = 
Delta, IA; MSRI - Mississippi River at St. Paul, MN; BC-1 = Hackensack, NJ; NYRE - NY reference, New York, 
NY. 

* All data are mg/kg or ppm dry weight unless otherwise noted. The values presented are only examples of 
reference sediments used in evaluations of dredged material disposal. They are not all-inclusive and do 
not represent sediment quality criteria. 

** Mean levels for each parameter. 
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Table 1 (Continued) 

Parameter BVl PENS WEEK PERD PKAD MSRI BC-1 NYRE cx2 

Metals, ppm (Continued) 

Pb 6.4000 1.300 3.2000 1. 30 9.3000 104.000 118. 00 13.00 (32.1) 
Mn 452.0000 4.300 19.8000 8.40 384.0000 652.000 110. 00 (233) 
Ni 17.9000 3.000 2.8000 0.20 32.6000 24.000 52.70 4.30 (17.2) 
Zn 64.7000 11. 000 10.7000 2.00 97.8000 93.400 248.00 19.00 (68.3) 
Hg <0.1000 0.070 0.3000 <0.01 0.2100 0.120 1. 60 0.03 (0.3) 
Ag 3.3000 <0.01 0.90 0.03 (1.1) 
Be 1.1000 0.80 0.70 (0.9) 
Se 0.80 1.00 (0.9) 

PCBs, ppm 

Ar 1242 <0.0002 0.020 0.0200 <0.01 0.5100 0.020 <0.01 <0.43 
Ar 1248 <0.0002 0.14 <0.43 
Ar 1254 0.0270 0.020 0.0300 <0.01 0.7800 0.070 0.16 <0.43 
Ar 1260 <0.0002 0.002 0.0030 0.0800 0.10 <0.43 
T-QUAN(4)* 0.0280 0.042 0.0530 <0.01 1. 3700 0.090 0.41 <0.43 (0.3) 

PAHs, ppm 

Naphthalene <0.2000 <0.002 0.0002 <0.01 0.0001 <0.015 <0.84 <0.14 (0.15) 
Methylnaph- <0.002 0.0004 <0.01 <0.0001 <0.010 <0.07 

thalene 

(Continued) 

* Total quantified. 
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Table 1 (Continued) 

Parameter BVl PENS WEEK PERO PK.AD MSRI BC-1 NYRE cx2 

PAHs, ppm (Continued) 

Acenaphthy- <0.2 <0.8 <0.01 
lene 

Acenaphthene <0.2 <0.84 <0.05 
Fluorene <0.2 <0.01 <0.84 <0.05 
Phenanthrene <0.2 <0.002 <0.0001 <0.02 <0.0001 <0.84 <0.07 
Anthracene <0.2 <0.01 <0.84 <0.04 
Fluoranthene <0.2 .10 <0.84 <0.15 
Pyrene <0.2 .10 <0.84 <0.14 
Benzo(a) <0.2 <0.11 

anthracene 
Chrysene <0.2 .10 <0.84 <0.03 
Benzo(b) <0.2 <0.84 <0.04 

fluoranthene 
Benzo(k) <0.2 <0.84 <0.18 

fluoranthene 
Benzo(a)pyrene <0.2 .10 <0.84 <0.02 
Indeno(l23cd) <0.2 <0.84 <0.07 

pyrene 
Dibenzo(ah) <0.2 <0.09 

anthracene 
Benzo(ghi) <0.2 <0.84 <0.08 

per:ilene 
T-QUAN (17) <0.2 <0.002 <0.001 0.42 <0.001 <0.015 <0.84 <0.18 (0.2) 

Pesticides, ppm 

Gamma-BHC <0.002 <0.001 <0.001 <0.01 
Heptachlor <0.002 <0.001 <0.001 <0.01 

(Continued) 
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Table 1 (Concluded) 

Parameter BVl PENS WEEK PERO PK.AD MSRI BC-1 NYRE {X2 

Pesticides. ppm (Continued) 

Aldrin <0.002 <0.001 <0.001 <0.010 
Endosulfan 1 <0.002 <0.001 <0.010 
Dieldrin <0.002 <0.001 <0.001 <0.001 <0.001 <0.020 
DDE <0.002 0.850 0.014 <0.01 0.010 <0.001 <0.020 (0.1) 
Endrin <0.002 <0.001 <0.001 <0.020 (0.01) 
DDD <0.002 0.013 <0.001 <0.01 <0.001 <0.001 <0.020 (0.01) 
DDT <0.002 0.030 <0.001 <0.01 <0.001 <0.004 <0.001 <0.020 
Chlordane <0.002 <0.01 <0.010 <0.040 
Taxophene <0.002 
T-QUAN (11) <0.002 0.890 0.014 <0.01 0.011 <0.004 <0.010 <2.000 (0.4) 

Phenols and Phthalates. ppm 

Pentachloro- <0.020 <0.053 
phenol 

Di-n-octylph- <0.020 <0 .135 
thalate 

Bis(2-ethyl- 1.200 3.300 <0.165 
hexyl) 
phthalate 
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Table 2 
Chemical Analisis of Tipical Contaminated Sediments* 

Parameter PA LIS BRH BC-2 BC-3** GB AK x 

Miscellaneous, % and ppm 

Sand, % 27.00 55.00 (41) 
Silt, % 32.00 22.00 (27) 
22 Clay, % 41.00 23.00 (32) 

TOC, % 2.24 2.05 4.32 4.10 3.90 (3.3) 
TVS, % 4.81 4.29 12.60 10.70 7.40 (8.0) 
Fe, % 4.12 2.80 1. 75 4.50 3.70 (3.4) 

COD, ppm 119,300.00 74,670.00 213,000.00 68,267.00 59,057.00 (106,859) 
TKN 2,930.00 1,430.00 4,250.00 1,133.00 817.00 (2,112) 
NH3N 576.00 78.70 25.30 (227) 
TP 2,070.00 1,050.00 1,720.00 538.00 1,096.00 (1,295) 
0 and G 6,801.00 4,680.00 19,900.00 1,880.00 1,790.00 (7,010) 

Metals, ppm 

As 24.80 33.20 10.10 10.3 22.2 14.4 35.30 (22) 
Cd 1. 60 1. 30 18.50 15.8 33.1 13.2 8.50 (13) 
Cr 196.00 139. 00 1,290.00 414.0 917.0 296.0 196.00 (493) 

(Continued) 

NOTE: PA= Perth Amboy, NJ; LIS= Long Island Sound, NY; BRH =BlackRock Harbor near Bridgeport, CN; BC-2 
and BC-3 = Hackensack, NJ; GB and AK= New York Harbor, NY. 
* The values presented are examples of contaminated sediments used in evaluations of dredged material 

disposal. They are not all-inclusive and do not represent sediment quality criteria. 
** This sediment contained very high levels of Hg (>300 ppm); some of the other metals were also present at 

high concentrations. 
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Table 2 (Continued) 

Parameter PA LIS BRH BC-2 BC-3 GB AK X 

Metals. ppm (Continued) 

Cu 304.0 143.0 2,115.0 268.0 571.0 367.0 436.00 (601) 
Pb 88.3 57.3 278.0 297.0 392.0 382.0 387.00 (269) 
Mn 393.0 286.0 193.0 473.0 339.00 (337) 
Ni 85.0 52.5 162.0 72.0 74.8 75.5 56.40 (83) 
Zn 422.0 256.0 1,170.0 774.0 3,960.0 708.0 568.00 (1,123) 
Hg 2.8 2.6 0.7 29.2 301.0 3.1 7.10 (50) 
Ag 1. 7 8.4 12.7 3.9 4.90 (6.3) 
Be 0.8 1.0 2.7 2.20 (1. 7) 
Se 0.7 0.8 <1.4 6.20 (2.3) 

PCBs. ppm 

Ar 1242 3.7 0.50 1. 9 <0.10 <0.1 0.8 0.60 
Ar 1248 1. 70 6.5 1.6 <0.90 
Ar 1254 1.5 0.80 8.2 1.40 2.9 1.8 1.10 
Ar 1260 0.2 0.08 0.05 0.9 1.5 1.05 
T-QUAN(4)* 5.4 1.40 10.1 3.70 10.4 5.7 3.70 (5.8) 

PAHs, ppm 

Naphthalene 2.4 <1.20 1.5 0.4 0.30 (1. 2) 
Methylnaph- 11.1 <0.3 0.20 

thalenes 
(2MN, lMN, 
26DMN) 

(Continued) 

* Total quantified. 
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Table 2 (Continued) 

Parameter PA LIS BRH BC-2 BC-3 GB AK X 

PAHs. ppm (Continued) 

Acenaphthy- 0.8 <1.2 <0.9 0.3 0.3 (0.7) 
lene 

Acenaphthene 0.3 <l. 2 <0.9 0.3 0.2 
Fluorene 1.4 <l. 2 <0.9 0.3 0.2 (0.8) 
Phenanthrene 10.5 <1.2 1.4 0.8 0.3 (2.8) 
Anthracene 4.1 <l. 2 <0.9 0.6 0.3 (1.4) 
Fluoranthene 10.4 <1.2 2.3 3.2 2.3 (3.9) 
Pyrene 16.9 <l. 2 1.8 3.8 2.8 (5.3) 
Benzo(a) 4.6 2.4 1. 3 (2.8) 

anthracene 
Chrysene 6.5 <l. 2 <0.9 2.3 1. 3 (2.4) 
Benzo(b) <l. 2 1.5 1.5 1.0 (1. 3) 

fluoranthene 
Benzo(k) 1.8 <l. 2 1.5 1. 2 0.9 (1. 3) 

fluoranthene 
Benzo(a)pyrene 7.0 <l. 2 <0.9 1.8 0.9 (2.4) 
Indeno(l23cd) 0.4 <l. 2 <0.9 0.5 0.6 (0.7) 

pyrene 
Dibenzo(ah) 0.3 0.4 

anthracene 
Benzo(ghi) 0.4 <l. 2 <0.9 0.5 0.6 (0.7) 

perxlene 
T-QUAN (17) 78.6 <l. 2 16.3 20.5 11. 9 (25. 7) 

Pesticides, ppm 

Delta-BHC <0.1 <0.01 <0.01 <0.04 <0.03 
Gamma-BHC <0.1 <0.01 <0.01 <0.04 <0.03 

(Continued) 
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Table 2 (Concluded) 

Parameter PA LIS BRH BC-2 BC-3 GB AK x 

Pesticides, ppm (Continued) 

Heptachlor <0.1 <0.01 <0.01 <0.04 <0.03 
Aldrin <0.1 <0.01 <0.01 <0.04 <0.03 
Endosulfan 1 <0.1 <0.01 <0.05 <0.04 <0.03 
Dieldrin 0.002 0.001 <0.1 0.03 0.12 <0.08 <0.05 (0.05) 
DDE 0.110 0.020 0.7 <0.01 <0.00 <0.08 0.22 (0.16) 
Endrin <0.1 0.08 0.20 <0.08 <0.05 
DDD 0.170 <0.010 0.5 <0.01 <0.01 <0.08 0.47 (0.18) 
DDT 0.080 <0.010 <0.1 <0.01 <0.05 <0.08 0. 77 (0.16) 
Chlordane <1.0 <0.05 <0.10 <0.16 <0.10 
Toxaphene <2.0 <0.05 <0.10 <8.00 <5.00 
T-QUAN (11) 0.360 0.030 1.4 0.11 0.34 <0.08 1.46 (0.54) 

Phenols and Phthalates, ppm 

Pentachloro- <0.1 <0.20 <0.11 
phenol 

Di-n-octylph- <0.1 0.48 0.41 
thalate 

Bis(2-ethyl- 13.4 4.70 7.30 31. 70 27.70 (17.0) 
hexyl) 
phthalate 
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Table 3 

Survival of Mysids Ex:12osed to CAAP Soil Sam:12les 

Treatment Ohr 48 hr % Survival 

Control 1 10 10 
Control 2 10 10 
Control 3 10 10 
Control 4 10 9 

BV-1-1 10 10 
BV-1-2 10 10 
BV-1-3 10 10 
BV-1-4 10 8 

BV-2-1 10 10 
BV-2-2 10 9 
BV-2-3 10 10 
BV-2-4 10 9 

Table 4 

Dissolved Oxygen (DO) Levels of Soil and Sediment-Water Mixtures 

Prior to and During the Penaeus vannamei Bioassay 

DO Levels I J2J2m 
After In Beakers 

Treatment Shaking No Animals Days 1 _2_ _3_ 

Control 7.7 6.8 6.8 6.3 
BV-1 8.2 7.4 6.9 7.0 6.7 
BV-3 8.3 7.4 7.1 7.1 7.0 
BV-5 8.3 7.2 7.0 7.2 6.2 
BV-6 8.3 7.1 7.1 6.8 6.0 
BC-2 2.8(7.8)* 1. 3 6.5 6.2 6.9 

* Supernatant aerated prior to adding to test beakers. 

97.5 

95 

95 

_4_ 

9.8 
7.0 
7.2 
7.4 
7.1 

12.0 



Table 5 

Survival of Penaeus vannamei Postlarvae ExRosed to CAAP 

Soil and BC-2 Sediment 

Survivors 1 no. Survivors 1 no. 
Treatment 0 hr 48 hr 116 hr Treatment 0 hr 116 hr 

Controls 11 11 11 BV-5 11 10 
11 11 11 11 11 
11 11 11 11 11 
11 10 10 11 10 
11 11 11 11 7 

BV-1 11 11 BV-6 11 11 
11 10 11 10 
11 11 11 10 
11 10 11 10 
11 11 11 11 

BV-3 11 11 BC-2 11 11 
11 11 11 11 
11 10 11 10 
11 10 11 11 
11 10 11 11 



Table 6 

Action Levels and Maximum Acceptable Concentrations for Contaminants 

in Fish, Shellfish. and Seafood* 

Chemical-Pesticides 

As 
Cd 
Cu 
Pb 
Hg 
Methyl-Hg 
Se 
Zn 

PCBs 

Aldrin 
Chlordane 
DDT, DDE, TDE** 
Dieldrin 
Endrin 
Heptachlor 

(Heptachlor 
epoxide) 

Mirex 
Toxaphene 

Action Level (USFDA) 

Metals 

1.0 (fish/shellfish) 

Organics 

2.0 (tolerance limit) 

0.3 (fish) 
0.3 (fish) 
5. 0 (fish) 
0.3 (fish) 

Pesticides 

0.3 (fish/shellfish) 
0.3 (fish/shellfish) 

0.1 (fish/shellfish) 
5.0 (fish/shellfish) 

* Edible portions, mg/kg wet weight. 

Maximum Concentration (Australia) 

1.0 
0.2 (molluscs-1.0) 

10.0 (molluscs-70.0) 
1.5 (molluscs-2.5) 
0.5 

1.0 
150.0 (oysters-1000.0) 

** Action level is for DDTs individually or in combination. 



Table 7 

Recommended Tests for Determining the Chemical Suitability of 

a DMCA for Aguaculture 

Chemical ParameterLTest 

Particle size (% sand, silt, 
clay) on 10 samples 

Misc. parameters (TOG, COD, 
TVS, CN, 0 and G, TP, TKN, NH3-N) 

Metals (Ag, As, Cd, Cu, Hg, Ni, Pb, 
Se, Zn, Be, Mn-pick 6 to 8) 

Organics (PCBs, PAHs, pesticides 
pthalates, phenols) 

Mysid bioassay (sediment from 
4 sites, control, ref toxicant, 
5 reps, 2 tests) 

Aquaculture animal test and 
bioaccumulation assessment 
(sediment from 4 sites, control, 
ref toxicant, 5 reps, 2 tests) 

* H highly recommended; 0 optional. 

H or O* CostLSam2le 

H $80 

H $260 

0 $375 

0 $800 

H $3,200 

0 $3,000 

•, ,, ' .,, - • r. • . , ~, • ..... 

Total 

$800 

$2,600 

$3,750 

$8,000 

$8,000 

$10,000 



APPENDIX A: CHEMICAL ANALYSES OF CONTAINMENT AREA AQUACULTURE PROGRAM (CAAP) 
SOIL SAMPLES, BROWNSVILLE, TX 





1. Soil samples obtained from the Brownsville CAAP demonstration site 
have been analyzed by the US Army Engineer Waterways Experiment Station Ana-
lytical Laboratory Group (ALG) for nutrients, metals, pesticides, and poly-

chlorinated biphenyls (PCBs). Samples were also analyzed for acid extractible 

and base-neutral priority pollutants. The samples were not analyzed for vola-
tile organic priority pollutants since they were taken from a dry, upland 

location and had been there for more than 1 year. 

2. Prior to being prepared for the analyses, samples were stored in 

soil bags at 4° C. Two samples were analyzed (BV-1, a mixture of soil from 
sites 1 and 3 (see Figure 1 in the main text) and BV-2, from site 5). The 
hard sandy clay soil was physically crushed and mixed to provide the ALG with 

a representative, homogeneous sample. 

3. Table Al contains data from the Galveston District on sediment from 
the Brownsville Ship Channel (BSC) adjacent to the CAAP site (mean of five 
stations) as well as the BV-1 and BV-2 data. Material dredged from the BSC 

was placed on the CAAP site around 1981. The Galveston District analyzed BSC 
samples in 1981 and 1983 for nitrogen, oil and grease, eight metals, and, in 
1983, for selected pesticides and PCBs. The BV-1 and BV-2 samples were 

analyzed in 1986 for nutrients, and many of the priority pollutants. The 
priority pollutant data are divided into nine groups as suggested by Richards 

and Shieh (1986).* The metals and nutrient analyses cost approximately 
$750.00 per sample. The cost for the organics was approximately $1,000.00 per 

sample. 

4. The BV-1 and BV-2 data, in conjunction with bioassay results, indi-

cate that the CAAP soils are suitable for aquaculture. Concentrations of 
potentially harmful metals such as As, Cd, Cr, Cu, Pb, Ni, Zn, and Hg are 

lower than typical contaminated sediments. Organic priority pollutants were 
not detected except for trace concentrations of DDD (0.004 ppm) in BV-2 and of 

PCB (0.027 ppm) in BV-1. The phthalate, bis(2-ethylhexyl), was detected in 
BV-1 and BV-2. This chemical, however, is a widely used plasticizer and thus 
commonly found in environmental samples, especially samples stored in plastic 

containers or bags. To provide additional documentation of the acceptability 
of these soils, the data shown in Table 1 will be compared to (1) data from 
contaminated sediments shown to be toxic and (2) published data that attempt 

* See References at the end of the main text. 
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to classify sediments as non-, moderately, or heavily contaminated based on 
chemical analyses as well as biological toxicity tests. 

5. It is impossible to analyze any given sediment sample for every 
potential chemical contaminant. This is one reason for conducting sediment 
bioassay tests in the laboratory prior to initiation of an aquaculture opera-
tion at a dredged material disposal site. Two such tests have been completed 
on the CAAP soil samples using mysids and penaeid shrimp postlarvae, Penaeus 
vannamei, obtained from Continental Fisheries in Panama City, FL. Results 
indicate zero toxicity associated with these soil samples and also show the 
samples have a very low oxygen demand. The samples are salty, i.e. they tend 
to increase the salinity of the overlying water. A complete report on the 
bioassay tests is being prepared. 
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Table Al 

Chemical Analyses of Brownsville Ship Channel (BSC) Sediment 

and CAAP Soil Samples (BV-1 and BV-2) 

mg/kg dry wt(ppm) 
BSC CAAP 

1981 1983 BV-1 BV-2 

Nutrients and Misc 

TKN - Total Kjeldahl nitrogen 625.0 623.0 321. 0 416.0 
N03N - Nitrate-nitrogen 11.4 46.1 
N02N - Nitrite-nitrogen 5.7 <4.4 
NH3N - Ammonia-nitrogen 101.0 24.0 5.9 6.7 
TP - Total phosphorus 496.0 497.0 
P04P - Orthophosphate 0.2 0.4 
K - Potassium 7,740.0 9,120.0 
TOC - Total organic carbon 2,816.0 4,051.0 
COD - Chemical oxygen demand 5,490.0 8,760.00 
TVS - Total volatile solids 
CN - Cyanide <0.3 <0.3 
0 & G - Oil & Grease 218.0 81. 8 
Na - Sodium 14,300.0 13,300.0 
Ca - Calcium 80,800.0 72,200.0 

Metals 

As - Arsenic 5.06 5.02 4.88 4.59 
Cd - Cadmium 1.16 <0.50 0.37 0.32 
Cr - Chromium 14.60 5.24 20.00 25.00 
Cu - Copper 15.80 7.62 18.90 18.90 
Fe - Iron 22,700.00 24,100.00 
Pb - Lead 20.20 17.12 6.37 6.78 
Mg - Magnesium 10,300.00 13,500.00 
Mn - Manganese 452.00 577. 00 
Ni - Nickel 35.80 36.82 17.90 18.80 
Zn - Zinc 41.40 231.80 64.70 77. 20 
Hg - Mercury <0.10 <0.10 <0.10 <0.10 
Ag - Silver 3.28 2.99 
Be - Beryllium 1. 09 1.10 

Pesticides 

Aldrin <0.0002 <0.0002 <0.0002 
A-BHC <0.0002 <0.0002 
B-BHC <0.0002 <0.0002 
G-BHC - Lindane <0.0005 <0.0002 <0.0002 
Chlordane <0.0010 <0.0002 <0.0002 
DDD <0.0005 <0.0002 0.0044 

(Continued) 
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Table Al (Continued) 

Pesticides (Continued) 
DDE 
DDT 
Dieldrin 
Endosulfan 
Endrin 
Heptachlor 
Isophorone 
Toxaphene 

Polychlorinated Biphenyls 

PCB 1016 
PCB 1221 
PCB 1232 
PCB 1242 
PCB 1248 
PCB 1254 
PCB 1260 
2-Chloronaphthalene 

Halogenated Aliphatics 

Ethane, hexachloro-
Butadiene, hexachloro-
Cyclopentadiene, hexachloro-

Ethers 

Ether, bis(2-chloroisopropyl) 
Ether, bis(2-chloroethyl) 
Ether, 4-chlorophenyl 
Ether, 4-bromophenyl 
Methane, bis(2-chloroethoxy) 

Monocyclic Aromatics 

Benzene, nitro 
Benzene, 1, 2-dichloro 
Benzene, 1, 3-dichloro 
Benzene, 1, 4-dichloro 
Benzene, 1,2,4-trichloro 

BSC 
1981 

mgLkg 

1983 

<0.0005 
<0.0005 
<0.0005 

<0.0005 

<0.001 

<0.01 
<0.01 

(Continued) 
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dry wt(ppm) 

BV-1 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.2000 
<0.0002 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 

0.0270 
<0.0002 
<0.2000 

<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

CAAP 
BV-2 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.2000 
<0.0002 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.2000 

<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
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Table Al (Continued) 

mgl'.kg dry wt(RRm} 
BSC CAAP 

1981 1983 BV-1 BV-2 

Monocyclic Aromatics (Continued} 

Benzene, hexachloro <0.2 <0.2 
Toulene, 2,6-dinitro <0.2 <0.2 
Toulene, 2,4-dinitro <0.2 <0.2 

Phenols 

Phenol, 2-chloro <0.2 <0.2 
Phenol, 2-nitro <0.2 <0.2 
Phenol, 2,4-dimethyl <0.2 <0.2 
Phenol, 2,4-dinitro <0.2 <0.2 
Phenol, 2,4,6-trichloro <0.2 <0.2 
Phenol, 2,4-dichloro <0.2 <0.2 
Phenol, 4-nitro <0.2 <0.2 
Phenol, 4-chloro 3-methyl <0.2 <0.2 
Phenol, 2-methyl 4,6-dinitro <0.2 <0.2 

Polycyclic Aromatic Hydrocarbons 

Acenaphthene <0.2 <0.2 
Acenaphthylene <0.2 <0.2 
Anthracene <0.2 <0.2 
Benzo(c)anthracene <0.2 <0.2 
Benzo(b)fluoranthene <0.2 <0.2 
Benzo(k)fluoranthene <0.2 <0.2 
Benzo(g,h,i)perylene <0.2 <0.2 
Benzo(a)pyrene <0.2 <0.2 
Chrysene <0.2 <0.2 
Dibenzo(a,h)anthracene <0.2 <0.2 
Fluoranthene <0.2 <0.2 
Fluorene <0.2 <0.2 
Indeno(l,2,3,c,d)pyrene <0.2 <0.2 
Naphthalene <0.2 <0.2 
Phenanthrene <0.2 <0.2 
Pyrene <0.2 <0.2 

Phthalate Esters 

Phthalate, dimethyl <0.2 <0.2 
Phthalate, diethyl <0.2 <0.2 
Phthalate, di-n-butyl <0.2 <0.2 
Phthalate, di-n-octyl <0.2 <0.2 

(Continued) 
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Phthalate Esters (Continued) 

Phthalate, butylbenzy 
Phthalate, bis(2-ethylhexyl) 

Nitrosamines 

Nitrosamine, dimethyl 
Nitrosamine, diphenyl 
Nitrosamine, di-n-propyl 
Benzidine 
Benzidine, 3-3-dichloro 
Hydrazine, 1,2-diphenyl 

Table Al (Concluded) 

BSC 
1981 

AB 

mg/kg dry wt(ppm) 

1983 BV-1 

<0.2 
1. 2 

<0.2 
<0.2 
<0.2 
<0.2 
<1.0 
<0.2 

CAAP 
BV-2 

<0.2 
0.23 

<0.2 
<0.2 
<0.2 
<0.2 
<1.0 
<0.2 
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APPENDIX B: BROWNSVILLE SHIP CHANNEL CHEMICAL ANALYSIS DATA 





1. This package contains data provided by the Galveston District in 

Dec 85 and Dec 87, concerning chemical analyses of the Brownsville Ship Chan-

nel (BSC) sediment, water, and elutriates. The 1986 data are summarized in 

Table Bl and then compared to previous data in Table B2. The rest of the 

package contains raw data from 1981, 1983, and 1986. 

2. An initial assessment of the 1986 data set is that it is incomplete 

for the purposes of a dredged material containment area (DMCA) aquaculture 

chemical suitability assessment. For example, there are no data shown on 

sediment particle size distribution or the miscellaneous sediment parameters 

total organic carbon, chemical oxygen demand, total volatile solids, cyanide, 

total phosphorus, total Kjeldahl nitrogen, or ammonia nitrogen. The only 

parameter shown from this group is oil and grease (0&G). The 0&G number 

found, 855 mg/kg, the mean of four stations, is 10 times greater than the 0&G 

number from the 1983 data set and four times greater than the same number from 

the 1981 data set. Since the 0&G data from BSC stations 1 and 3 were not 

included in the mean number (both were higher) and the data for water and 

elutriate 0&G ranged from 3 to 190 mg/~, it would seem necessary to either 

analyze the actual DMCA sediments for 0&G or go ahead with some polycyclic 

aromatic hydrocarbon (PAH) analyses of sediments or DMCA organisms. 

3. The 1986 data for metals indicate no problems since all of the num-

bers are quite low and generally less than previous BSC analyses. The data 

shown for Cd (below detection of 0.1 mg/kg) are questionable because all of 

the previous analyses showed Cd to be between 0.3 and 1.0 mg/kg. All pesti-

cides and polychlorinated biphenyls (only four were analyzed) were below 

detection limit (BDL). Total PAHs were also listed as BDL but fluoranthene, a 

PAH compound, was found at ug/kg levels in two out of seven sediment stations 

and benzo(a)pyrene, another PAH and a suspected carcinogen, was found in two 

elutriate samples at ug/~ levels. 

4. Results of this preliminary assessment of the BSC sediment placed at 

Area B of the Containment Area Aquaculture Program (CAAP) Brownsville demon-

stration site indicate a need for either a sediment bioassay test or addi-

tional sediment analyses. These kinds of determinations were performed for 

Area A at the initiation of the CAAP. It is likely that the costs for testing 

the Area B sediments would be less than $5,000. 
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Table Bl 
Review of Chemical Analxses of Brownsville 

ShiQ Channel Sediment-1986 Data 

5 7 _9_ _ll_ Mean(mgLkg} 

TKN No data 
O&G 1,425 1428.0 235.0 331.0 854.8±661 

As 1. 3 1. 3 1.1 1. 2 1. 2±0 .1 

Cd BDL* BDL BDL BDL 

Cr 5.0 8.8 7.0 7.2 7. 0±1. 6 

Cu 4.2 4.7 5.5 6.0 5.1±0.8 

Pb 3.0 3.3 3.2 3.5 3.3±0.2 

Hg BDL BDL BDL BDL 
Ni BDL(l.0) 9.0 BDL 10.6 5.4±5.1 

Se BDL BDL BDL BDL 

Zn 23.7 27.9 28.5 34.5 28.7±4.5 

Total PCBs BDL BDL BDL BDL 
DDT BDL BDL BDL BDL 
Chlordane BDL BDL BDL BDL 
Toxaphene BDL BDL BDL BDL 
Tot PAHs BDL BDL BDL BDL 
Acenaphthene BDL BDL BDL BDL 

Benzo(a)pyrene BDL BDL BDL BDL 
Flouranthene 77 .0 BDL(l0.0) 0.9 BDL 24.5±35.3 
Naphthalene BDL BDL BDL BDL 

* BDL = below detection limits. 
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Table B2 

Comparison of BSC Sediment Data from 1986 with 

Previous Data from 1981 and 1983 

BSC CAAP 
1981 1983 BV-1 BV-2 

Nutrients and Misc 

TKN - Total Kjeldahl nitrogen 625.0 623.0 321.0 416.0 
N03N - Nitrate-nitrogen 11.4 46.1 
N02N - Nitrite-nitrogen 5.7 <4.4 
NH3N - Ammonia-nitrogen 101.0 24.0 5.9 6.7 
TP - Total phosphorus - " 496.0 497.0 
P04P - Orthophosphate 0.2 0.4 
K - Potassium 7740. 0 9120.0 
TOC - Total organic carbon 2816.0 4051. 0 
COD - Chemical oxygen demand 5490.0 8760.0 
TVS - Total volatile solids 
CN - Cyanide <0.3 <0.3 
O&G - Oil and grease 218.0 81. 8 
Na - Sodium 14300.0 13300.0 
Ca - Calcium 80800.0 72200.0 

Metals 

As - Arsenic 5.06 5.02 4.88 4.59 
Cd - Cadmium 1.16 <0.50 0.37 0.32 
Cr - Chromium 14.60 5.24 20.00 25.00 
Cu - Copper 15.80 7.62 18.90 18.90 
Fe - Iron 22700.00 24100.00 
Pb - Lead 20.20 17.12 6.37 6.78 
Mg - Magnesium 10300.00 13500.00 
Mn - Manganese 452.00 577. 00 
Ni - Nickel 35.80 36.82 17.90 18.80 
Zn - Zinc 41.40 231. 80 64.70 77. 20 
Hg - Mercury <0.10 <0.10 <0.10 <0.10 
Ag - Silver 3.28 2.99 
Be - Beryllium 1.09 1.10 

Pesticides 

Aldrin <0.0002 <0.0002 <0.0002 
A-BHC <0.0002 <0.0002 
B-BHC <0.0002 <0.0002 
G-BHC - Lindane <0.0005 <0.0002 <0.0002 
Chlordane <0.0010 <0.0002 <0.0002 
DDD <0.0005 <0.0002 <0.0044 
DDE <0.0005 <0.0002 <0.0002 

(Continued} 

* Below detection limits. 

855.0 

1. 2 
BDL* 

7.0 
5.1 

3.3 

5.4 
28.7 
BDL* 

BDL* 
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Table B2 (Continued) 

Pesticides (Continued) 

DDT 
Dieldrin 
Endosulfan 
Endrin 
Heptachlor 
Isophorone 
Toxaphene 

Polychlorinated biphenyls 

PCB 1016 
PCB 1221 
PCB 1232 
PCB 1242 
PCB 1248 
PCB 1254 
PCB 1260 
2-Chloronaphthalene 

Halogenated aliphatics 

Ethane, hexachloro-
Butadiene, hexachloro-
Cyclopentadiene, hexachloro-

Ethers 

Ether, bis(2-chloroisopropyl) 
Ether, bis(2-chloroethyl) 
Ether, 4-chlorophenyl 
Ether, 4-bromophenyl 
Methane, bis(2-chloroethoxy) 

Monocyclic aromatics 

Benzene, nitro 
Benzene, 1, 2-dichloro 
Benzene, 1, 3-dichloro 
Benzene, 1, 4-dichloro 
Benzene, 1,2,4-trichloro 
Benzene, hexachloro 
Toluene, 2,6-dinitro 

* Below detection limits. 

BSC 
1981 1983 

<0.0005 
<0.0005 

<0.0005 

<0.0010 

<0.01 
<0.01 

(Continued) 

B6 

CAAP 
BV-1 BV-2 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.2000 
<0.0002 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 

0.0270 
<0.0002 
<0.2000 

<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.2000 
<0.0002 

<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.0002 
<0.2000 

<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

BDL* 

BDL* 

BDL* 
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Table B2 (Continued) 

BSC CAAP 
1981 1983 BV-1 BV-2 1986 

Monocyclic aromatics 
(Continued) 

Toluene, 2,4-dinitro <0.2 <0.2 

Phenols 

Phenol, 2-chloro <0.2 <0.2 
Phenol, 2-nitro <0.2 <0.2 
Phenol, 2,4-dimethyl <0.2 <0.2 
Phenol, 2,4-dinitro <0.2 <0.2 
Phenol, 2,4,6-trichloro <0.2 <0.2 
Phenol, 2,4-dichloro <0.2 <0.2 
Phenol, 4-nitro <0.2 <0.2 
Phenol, 4-chloro 3-methyl <0.2 <0.2 
Phenol, 2-methyl 4,6-dinitro <0.2 <0.2 
Phenol, pentachloro <0.2 <0.2 

Polycyclic 
Aromatic Hydrocarbons 

Acenaphthene <0.2 <0.2 BDL* 
Acenaphthylene <0.2 <0.2 
Anthracene <0.2 <0.2 
Benzo(c)anthracene <0.2 <0.2 
Benzo(b)fluoranthene <0.2 <0.2 
Benzo(k)fluoranthene <0.2 <0.2 
Benzo(g,h,i)perylene <0.2 <0.2 
Benzo(a)pyrene <0.2 <0.2 BDL* 
Chrysene <0.2 <0.2 
Dibenzo(a,h)anthracene <0.2 <0.2 
Fluoranthene <0.2 <0.2 24.5 
Fluorene <0.2 <0.2 
Indeno(l,2,3,c,d)pyrene <0.2 <0.2 BDL* 
Naphthalene <0.2 <0.2 
Phenanthrene <0.2 <0.2 
Pyrene <0.2 <0.2 
Phthalate, dimethyl <0.2 <0.2 
Phthalate, diethyl <0.2 <0.2 
Phthalate, di-n-butyl <0.2 <0.2 
Phthalate, di-n-octyl <0.2 <0.2 
Phthalate, butylbenzy <0.2 <0.2 
Phthalate, bis(2-ethylhexyl) 1. 2 0.23 

(Continued) 

* Below detection limits. 
(Sheet 3 of 4) 
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Nitrosamines 

Nitrosamine, dimethyl 
Nitrosamine, diphenyl 
Nitrosamine, di-n-propyl 
Benzidine 
Benzidine, 3-3-dichloro 
Hydrazine, 1,2-diphenyl 

Table B2 (Concluded) 

BSC 
1981 1983 

BB 

CAAP 
BV-1 BV-2 

<0.2 
<0.2 
<0.2 
<0.2 
<1.0 
<0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<1.0 
<0.2 

(Sheet 4 of 4) 



APPENDIX C: CHEMICAL ANALYSES OF OYSTERS EXPOSED TO BROWNSVILLE 
SHIP CHANNEL (BSC) WATER 





1. Live oysters were purchased from an oysterman in Port Isabel, TX in 

April of 1986. The animals were fresh, and were placed at three sites in the 

BSC the same day they were purchased. The oysters were retrieved on 19 May 

after 34 days of exposure to the BSC water. Four of the 12 polyethylene bas-

kets set out in April were not retrieved. However, at least two baskets were 

recovered from each of the three sites: three from site 1, the site closest 

to the Gulf of Mexico, two from site 2, and three from site 3. All oysters 

were alive and appeared healthy. They were iced down and shipped by air to 

the US Army Engineer Waterways Experiment Station (WES) laboratory in 
Vicksburg, MS. Background oysters, obtained at the same time as the BSC 

oysters, had been held in a freezer since April. 

2. Oysters were shucked and tissues rinsed using reverse osmosis water 

before being frozen and prior to chemical analyses performed by the WES Ana-

lytical Laboratory Group (ALG). Two background tissue samples and two samples 

from the BSC oysters (sites 1 and 3, see Figure 1 in the main text) were sent 

to be analyzed for the following parameters: pesticides, polychlorinated 

biphenyls (PCBs), base neutral priority pollutants and mercury (Hg). Results 
were received from the ALG in October 1986. 

3. Oyster tissues were prepared for metals analysis by digestion of the 

dry tissue using nitric acid (Plumb 1981).* There were four background sam-
ples and two samples from each of the three sites in the BSC, for a total of 

10 samples. Results were received from the ALG in November 1986. 

4. Results are shown in Tables Cl (Hg, pesticides, and PCBs), C2 (other 
organic contaminants) and C3 (metals other than Hg). The data show no evid-

ence of Hg contamination since both background and BSC-exposed animals con-

tained less than detectible levels (Table Cl). Tissues were analyzed for 

numerous organic contaminants including PCB compounds, halogenated aliphatics, 

ethers, monocyclic aromatics, polycyclic aromatic hydrocarbons (PAHs), 

phthalates and nitrosamines. Oysters were analyzed for over 65 separate 

organic contaminants. Of these, only five pesticides were found at concentra-

tions greater than the detection limit of 0.2 parts per billion (ppb). Three 
pesticides (A-BHC, B-BHC, and D-BHC) were found at concentrations of 0.3 to 

1.8 ppb in BSC oysters and not found in background tissues. The pesticide DDE 

was found at a concentration of 0.5 ppb in one background sample and at 

0.8 ppb in one BSC tissue sample. Dieldrin was found in a background tissue 

* See References at the end of the main text. 
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sample (0.8 ppb) but not in either of the BSC samples. The highest concentra-

tion found was for B-BHC; yet a second sample from the same site revealed no 

B-BHC. These data, therefore, demonstrate that the BSC water is generally 

free of organic contaminants and that marine animals exposed to BSC water are 

unlikely to accumulate organic contaminants. The concentrations of pesticides 

found in the oysters were very low, generally less than 1.0 ppb. It does seem 

that a few pesticides are present at very low levels in the BSC; however, 

these data indicate that organic contaminants present no potential problems 

for aquaculture operations at the CMP site. 

5. A separate batch of oyster tissue was analyzed for nine metals 

(Table C3). It is not unusual for marine invertebrates to contain various 

metals at part-per-million (ppm) concentrations. Both background and BSC 

oysters were found to contain detectible levels of all nine metals. The back-

ground data (N=4) were compared statistically to the BSC data (N=6). These 

analyses revealed that two of the metals, Cr and Ni, were present at similar 

concentrations in the background and in BSC oysters, and that two other 

metals, As and Cd, revealed significantly lower concentrations in oysters from 

the BSC compared to background animals. However, other metals (Cu, Pb, Se, 

Ag, and Zn) were found at significantly higher concentrations in oysters that 

had been held for 34 days in the BSC water. The Cu in oysters from the BSC 

was nearly twice the level found in background animals but still less than the 

"allowable" levels discussed below. Higher concentrations for Se, Ag, and Zn 

in BSC oysters were significant at the 0.01 level. These data indicate a 

statistical increase in metal concentrations in BSC oysters over background 

levels, yet the oyster tissues generally remained well below "allowable" con-

centrations. Oysters are recognized as efficient bioaccumulators and, as 

such, are more likely to accumulate metals and other environmental contami-

nants compared to other aquaculture animals such as fish or shrimp. These 

data should be used as a guide and preliminary indication of the metals that 

could be present in the BSC. It is concluded, at this time, that aquaculture 

operations at the CMP site, adjacent to the BSC, should result in an uncon-

taminated product. 

6. The US Food and Drug Administration (FDA) as well as an Australian 

government agency (the Australian National Health and Medical Research 

Council) have guidelines for "allowable" concentrations of various 

contaminants in aquatic organisms for human consumption (Peddicord et al. 
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1986).* The FDA guidelines are mostly for organic contaminants while the 

Australian guidelines are related to the metals. Some of the "allowable" 

concentrations are shown below: 

Metal 

As 
Cd 
Cu 
Pb 
Hg 
Se 
Zn 

mg/kg wet weight 
Australia 

1.0 
1.0 

70.0 
2.5 
0.5 
1.0 

1,000.0 

Organic 

Aldrin 
Chlordane 
Dieldrin 
ODE 

mg/kg wet weight 
us 

0.3 
0.3 
0.3 
5.0 

It appears, from this initial analysis, that none of the contaminants found in 

the oysters approach these necessarily arbitrary safety levels. Organic con-

taminants were found in ppb concentrations in the oysters while the "allow-

able" levels were from 0.3 to 5.0 parts per million (ppm). Some metals (for 

example, Cd) were closer to the "allowable" guidelines than the organic con-

taminants, and revealed statistical increases for animals exposed to the BSC 

water. Yet all metals for which there are guidelines were lower than the 

guidelines. Guidelines for Cr, Ni, and Ag were not found. All of the metal 

guidelines were from the Australian agency and it is not clear, at this time, 

whether the FDA or any other United States agency has published metal guide-

lines. An up-to-date summary of FDA and other international guidelines con-

cerned with contaminants in food will be prepared in the future. 

* See References at the end of the main text. 
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Table Cl 
Chemical Analyses at the CMP Site: Mercury. 

Pesticides, Polychlorinated Biphenyls 

ug/kg wet wt(ppb) 
Background BSC 

BKl BK2 lRE 3RW 

Metals 

Hg - Mercury (dry wt) 

Pesticides 

Aldrin 
A-BHC 
B-BHC 
G-BHC - Lindane 
D-BHC 
Chlordane 
DDD 
DDE 
DDT 
Dieldrin 
Endosulfan 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Heptachlor 
Isophorone (ppm) 
Toxaphene 

Polychlorinated biphenyls 

PCB 1016,1221,1232 
PCB 1242,1248 
PCB 1254,1260 
2-Chloronaphthalene (ppm) 

<0.1 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<2.0 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.5 
<2.0 

<2.0 
<2.0 
<2.0 
<0.5 

C6 

<0.1 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<2.0 
<0.2 
0.5 

<0.2 
0.8 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.5 
<2.0 

<2.0 
<2.0 
<2.0 
<0.5 

<0.1 

<0.2 
0.3 
1.8 

<0.2 
0.9 

<2.0 
<0.2 

0.8 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.5 
<2.0 

<2.0 
<2.0 
<2.0 
<0.5 

<0.1 

<0.2 
<0.2 
<0.2 
<0.2 

0.3 
<2.0 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.5 
<2.0 

<2.0 
<2.0 
<2.0 
<0.5 



Table C2 

Chemical Analyses at the CAAP Site: Halogenated Aliphatics, 

Ethers, Monocyclic Aromatics, Polycyclic Aromatic 

Hydrocarbons, Phthalates, Nitrosamines 

Halogenated aliphatics 

Ethane, hexachloro-
Butadiene, hexachloro-
Cyclopentadiene, hexachloro-

Ethers 

Ether, bis(2-chloroisopropyl) 
Ether, bis(2-chloroethyl) 
Ether, 4-chlorophenyl 
Ether, 4-bromophenyl 
Methane, bis(2-chloroethoxy) 

Monocyclic aromatics 

Benzene, nitro 
Benzene, 1, 2-dichloro 
Benzene, 1, 3-dichloro 
Benzene, 1, 4-dichloro 
Benzene, 1,2,4-trichloro 
Benzene, hexachloro 
Toluene, 2,6-dinitro 
Toluene, 2,4-dinitro 

Polycyclic 
aromatic hydrocarbons 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(c)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene 
Chrysene 
Dibenzo(a,h)anthracene 

mg/kg wet wt(ppm) 
Background BSC 

BKl BK2 lRE 

<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

(Continued) 
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<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 
<0.5 



Table C2 (Concluded) 

mgLkg wet wt(1212m) 
Background BSC 

BKl BK2 lRE 3RW 

Polycyclic aromatic 
hydrocarbons (Continued) 

Fluoranthene <0.5 <0.5 <0.5 <0.5 
Fluorene <0.5 <0.5 <0.5 <0.5 
Indeno(l,2,3,c,d)pyrene <0.5 <0.5 <0.5 <0.5 
Nephthalene <0.5 <0.5 <0.5 <0.5 
Phenanthrene <0.5 <0.5 <0.5 <0.5 
Pyrene <0.5 <0.5 <0.5 <0.5 

Phthalate esters 

Phthalate, dimethyl <0.5 <0.5 <0.5 <0.5 
Phthalate, diethyl <0.5 <0.5 <0.5 <0.5 
Phthalate, di-n-butyl <0.5 <0.5 <0.5 <0.5 
Phthalate, butylbenzy <0.5 <0.5 <0.5 <0.5 

Nitrosamines 

Nitrosamine, diphenyl <0.5 <0.5 <0.5 <0.5 
Nitrosamine, di-n-propyl <0.5 <0.5 <0.5 <0.5 
Benzidine <2.5 <2.5 <2.5 <2.5 
Benzidine, 3-3 dichloro <1.2 <1.2 <1.2 <l. 2 
Hydrazone, 1,2-diphenyl <0.5 <0.5 <0.5 <0.5 

CB 



Table C3 

Chemical Analyses at the CMP Site: Metals 

mgLkg wet wt(QQm) 
Metals Background 1R2 2R2 3R2 

As-Arsenic 0.602 0.407 0.334 0.489 
0.589 0.430 0.388 0.270 
0.569 
0.596 

.59 (.014)* .39 (.076)* 

Cd-Cadmium 0.866 0.807 0.658 0.852 
1.120 0. 714 0.610 0.456 
0.814 
0.901 

.93 (. 135) .68 (.143) 

Cr-Chromium 0.150 0.232 0.068 0.104 
0.121 0.188 0.217 0.034 
0.049 
0.133 

.11 (.045) .14 (.083) 

Cu-Copper 21. 400 35.770 24.410 43.600 
14.490 43.378 30.951 31.471 
19.000 
17.393 
18.07 (2.90) 34.93 (7.56) 

Pb-Lead 0.088 0.163 0.079 0.133 
0.071 0.145 0.109 0.085 
0.083 
0.051 

.07 (.017) .12 (.034) 

Ni-Nickel 0.342 1.038 0.232 0. 311 
0.385 0.442 0.408 0.148 
0.407 
0.309 

.36 (.044) .43 (.317) 

Se-Selenium 0.182 0.244 0.249 0.326 
0.155 0.242 0.279 0.203 

(Continued) 

* Numbers shown below background values and at the end of the BSC values are 
means and standard deviations for these two groups. 
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Table C3 (Concluded) 

mgLkg wet wt(22m} 
Metals Background 1R2 2R2 3R2 

Se-Selenium 0.142 
(Continued) 0.146 

.16 (.018) .26 (.042) 

Ag-Silver 0.353 0.488 0.380 0.489 
0.293 0.472 0.414 0.342 
0.289 
0.232 

.29 (. 049) .43 (.062) 

Zn-Zinc 165.456 277. 847 213. 719 328.148 
132.525 267.554 284.385 212.172 
146.078 
140.223 
146.07 (14.07) 263.97 (44.61) 

Cl0 



APPENDIX D: CHEMICAL ANALYSES OF SHRIMP HARVESTED FROM THE 
CAAP DEMONSTRATION FARM IN 1987 AND 1988 





Table Dl 

Chemical Analyses of Shrim2 from the CAAP Demonstration Farm, 

the Gulf of Mexico. and the Brownsville Shi2 Channel 

Mgtkg wet wt (22m) 
BSC _filL_ GB A(87) B(88) Method Blank 

Metals 
As 1.570 0.690 1.040 0.210 0.350 <0.030 
Cd 0.023 0.002 <0.002 <0.002 0.006 <0.002 
Cr 5.030 0.050 0.085 0.030 0.050 0.003 
Cu 1. 780 2.070 10.700 1. 810 1.200 <0.150 
Pb 0.250 0.020 0.020 <0.005 0.040 0.010 
Hg 0.090 0.108 0.074 0.080 0.081 <0.010 
Ni 0.025 0.160 0.025 0.020 <0.010 <0.010 
Se 0.120 0.170 0.140 0.090 0.150 <0.025 
Ag 0.020 0.090 0.060 0.050 0.050 <0.005 
Zn 3.750 5.700 5.250 5.900 4.840 0.310 

Pesticides* 

Aldrin <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
DDT 0.015 <0.002 <0.002 <0.002 <0.002 <0.002 
Heptachlor 0.004 <0.002 0.006 0.009 0.004 0.005 
Dieldrin <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
Chlordane <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
Toxaphene <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 

Polychlorinated 
Bi2henyls 

PCB 1016 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
PCB 1242 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 
PCB 1254 <0.002 0.120 0.060 <0.002 0.050 <0.002 
PCB 1260 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 

(Continued) 

NOTE: BSC = Brownsville Ship Channel; GW = Gulf whites; GB - Gulf browns; 
A(87) = Pond A, 1987; B(88) = Pond B, 1988. 
* Twenty priority pollutant pesticides were analyzed, with all values (except 

for DDT and heptachlor) below the detection limit of 0.002. 
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Table Dl (Concluded) 

MgLkg wet wt (:g:gm) 
BSC _filL_ GB A(87) B(88) Method Blank 

Polycyclic Aromatic 
Hydrocarbons* 

Fluorene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Phenanthrene <0.5 <0.5 0.06 <0.5 <0.5 <0.5 
Anthracene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Fluoranthene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Pyrene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
Chrysene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

NOTE: BSC = Brownsville Ship Channel; GW = gulf whites; GB= gulf browns; 
A(87) = Pond A, 1987; B(88) = Pond B, 1988. 
* Seventeen priority pollutant PAHs were analyzed, with all values (except 

for phenanthrene) below the detection limit of 0.5. 
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