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AUTHORS' XOTE 

The technique herein described, called -the bio- 
assay experiment test (BET), represents an inexpen- 
sive and useful method of &erting the user to poten- 
tial prcbl.ems cf ccntaminant uptake by marsh plants 
established on dredged material. Certain procedural 
refinements are necessary before this methcd is ready 
for general field application. Analytical results 
presented should be interpreted with care because cf 
the preliminary nature of this research and the site- 
specific design of the BET technique. (P.L.W. , 
J.L.G., C.H.P.) 
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FIELD BIOASSAY TEST FOR DZTECTING CONTA34INANT UPTAKE --- -- 
FROM DREDGED MATFRIAL BY MARSH PLANTS --I__ --- - 

PART I: INTRODUCTION 

Approximately 290 million cubic meters of sediment is dredged each 

year in the United States (Khalid et al., 1977). The creation of 

dredged material islands adjacent to dredging sites ani transportation 

of sediments to land are two of the methods employed for disposal of 

these sedj.ments. In the Southeastern United States, djsptisal of sedi- 

Writs often occurs on valuable marshlands. 

The U. S. Army Corps of Engineers has developed techniques to vege- 

t.ate dredged material disposal sites. hong the benefits derived from 

vegetating these sites are the stabilization of the material, particu- 

larly on dredged material islands adjacent to waterways, and the crea- 

tion of habL.ta;ts for birds, small mammals, snd terrestrial invertebrates 

(Reimold et al., 1.978). In addition, the creation of more marshland may 

benefit estuarine productivity. The importance of the marshland system 

to the estuary has been well documented by Odum (1961), Odum atld de la 

Cruz (1967), Sweet (1971), Gosselink et al. (i974), =ld Reimold (1974). 

It should be kept in mind that a balance of open waker, mudflat, and 

marshlsnd should be sought. 

One nf the major potential problems associated with marsh develop- 

ment is the movement of contaminants from dredged materials. If the 

contaminants are absorbed and translocated to the aerial portions of 

plants, they may 'be passed along the marsh food web either through the 

detritus food chain or directly through grazing by herbivorous inverte- 

brates, waterfcwl, and small mumnals. The extent to which uptake into 

the aerial portion occurs probably depends on the type of dredged mate- 

rial, the environment associated with various elevations in C,he inter- 

tidal zone, the nature of the contaminant, and the species of plants 

present. Carefully controlled quantitative laboratory tests designed to 

measure heavy metals accumulation in marsh plants grown on dredged 
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materials have been conducted by Lee et al. (1976). There is, however, 

a need for a field method that can be useu ;J to evaluate potential con- 

taminant uptake under specific complex sets of real world environmental 

conditions. This information is needed for sites where contaminated 

material is proposed as a substrate for creating a marsh. 

The purpose of this study was to test a technique designed to be 

used by District Engineers to evaluate the response of indigenous plant 

species grown in contaminated dredged material. prior to making final 

disposal plans. The technique lhvolves the use of a bioassay experi- 

me ni, ', e it (BET) unit first described by Gallagher et al. (1977). 'The 

unit can be filled with dredged material and planted with sprigs in the 

laboratory, transported to the fiel.d, implanted on site, and removed 

for evaluation at a later date. 

The method is not intended as a quantitative procedure for estima- 

ting the fl.ux of contaminants through the soil-plant complex. Its 

purpose is to alert the Distric, f Engineer that the contaminant is being 

mobilized and that further consideration should be given before the 

project continues. 
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PART II: METHOD OF CONDUCTING THE ASSAY 

Construction of Bioassay Experiment Test (BET) Units - 

Each bioassay experiment test (BET) unit consists of a plastic 

bucket (24 cm deep x 25 cm &Lam) with 120 holes (6 mm diam) drilled into 

thic sides and bottom (Figure 1). A slct (12 cm wide x 5 cm deepj is 
cut into each bucket slightly below the lip to allow free flow of water 

in and out of the unit at the marsh surface level. At the same time 
the rim reduces the accretion of adjacent marsh sediment within the 

BET unit,. 

Site-Specific 3esign --- of tine Assay 

Each site will require a slightly different design depending on the 

v,rariaSility of the dredged material with in the projec t, the elevation 

Figure 1. Bioassay experiment test 
(BET) unit 





groC.ng season when the initiation and elongation of new shoots is 

maximum for many species. After the plants become established, the 

serial. parts of the plants are harvested and discarded. Following a 
period of regrowth which is long enough to produce sufficient material 

for analysis, the units are harvested. Only the regrowth is used for 
analysis. 

Sample Preparation and Analysis 

Both dredged material and control BET unit plant shoots should be 

harvested and the soils sampled. The laboratory doing the analysis for 

the possible contaminants should be consulted for directions to be used 

in prepar'ing the samples for analysis. Usually this will involve a 

series of washings, drying (either air or oven), and grinding. Great 

care should be taken to assure that cross sample contamination and 

sediment contamination of the plant tissue do not occur. 



PART III: INTERPRETATION OF THE RESULTS 

Statistical analysis of the data should be designed to aid the 

investigator in answering the question: Do the plants growing in the 

dredged material convey the contaminant from the sediment into the 

plants and thus potentially into the grazing and detrital food webs? 

If the assay indicates the plants are taking up the contaminant under 

the field conditions, the feasibility of using the dredged material to 

create a marsh under the test conditions should be examined closely. 

Further testing incl~ldic,~ laboratory studies of the nat:xe conducted 

by Lee et al. (197" o) may be appropriate before a positive decision can 

be m:?.de. 

The BET technique is thus designed as an inexpensive screening 

proced.ure to alert the District Engineer to potential problems in 

using contaminated dredged material for marsh creation. 
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PART IV: TEST OF THE METHOD 

Introduction 

As an aid in refining the protocol described in Part II, 96 EET 

uni-ts were constructed and deployed in a variety of marshes in Georgia 

and Oregon. The testing was extensive in plant and soil types as well 

as geographical range rather than intensive since it was desired to 

see the range of problems likely to be encountered. 

Methods and Materials 

Experiments using the BET units were conducted in Georgia and 

Oregm. Tests were conducted at each site using four species of marsh 

plants grown on contaminated dredged materials from three locations. 

The dredged materials were obtained from: (a) Broad Lake, Yazoo County, 

Mississippi, suspected to be contaminanted with chlorinated pesticides; 

(b) the Hudson River, approximately 17 km south of Fort, Edward Dam, 

New York, containing polychlorinated biphenyls (PCB's); and (c) Cedar 

Creek, Bridgeport Harbor, Connecticut, contaminated with heavy metals. 

Interstitial water salinity of the dredged material from Cedar Creek 

was 30 percent, while water collected from Broad Lake and the Hudson 

Riyer was essentially nonsaline (~3 percent). The dredged materials 

were loaded into new 208-a drums that were steam-cleaned immediately 

prior to being filled and shipped to each site. 

Upon arrival at each site, the dredged materials were transferred 

to the BET units described earlier in this report (Figure 1). 

Dredged materials were stored in the BET units to allow for drain- 

age and evaporation of water prior to the implantation of the units 

into the marsh. The Hudson River and Broad Lake sediments required 

3-L days for dewatering. The dredged material from Cedar Creek, which 

had the least solids per volume, required at least seven days of de- 

watering before the substrate was dense enough to support the plants. 

BET units containing the dredged materials were placed in the marsh 
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during 111;g.~st 1977. 9ach bucket 'vn.6 positi oned in a marsh excavation 

at a depth where the s-urface of l,nc ~a.-terial within thi: bucket -+qas at 

the same level as the naturai marsh surface (Figur? 1). 

Distichli; s,nicata (saltgrhas) and Salicornia virginica, (wmdly -_- I_ 

glrZS cvort) were used f'or study in Georgia and Oregon since bo-th are 

native .to the two areas. I:n Georgia, Qrtina alterniflora (smooth __I 
cordgrass) and @artina paten (;aitmeadow cordgrass) were the other 

two species included. CiU*eX iyxgbyei (Lyngbye's sedge), which appears --- 
to be ihe western ecological analog of east coast S. al.terniflor~, was .-- -__ 
selec!;ed for Ore&or!. _ !)escharrip:;I 23: cesp itosa (tufted hairgrass) occupies 

a posltirjn hi&i in the inte;+iLiaL zone in Oregon mars~~es s~.roi?:tr to that, 

occupied by S. ratens along th2 Atl.antir. Coast ;ind wn: cP,hosen as : he - 
lt?::t s7gecics to be stucliiet;. .Tn %orgi.a, the buck&.; w:!re implanted. in 

a rnt~r:~h on the eastern side of Sapclo Islanc! near Cabr!:t?a Island. The 
lJ:.lckei- s t c> -tic-: , 'ti planted with C. lxngbvei w=re incu3ated f i! a marsh in -- - - 
Siletz Ba;T, Oregon. Ali other rj:*egon BET uni4;:: were nlaced in sta.nds 

o-f the sppropriate plants in marshes bordering Netarts Bay. 

A rarrdomi7.ed bl~ock des:gn was employed for the exT)eric!ent; 1 .' ( Fig- 

ares 2 and 3). Treatments consisted of Pour plant :;:,)er.ies c;rown in 

repiicetes of three on four types of substrate (+,hr~n contam~r:ated 

a.nit one control) st both sites for a total of 96 expe7'imentai unity. 

Control units con sisted of natural marsh substrate obtained from the 

area of BET unit introduction. All units were placed in the area of 

natllral orcurrence for ed.ch J ,Lant species bei-ng tested. 

Sprigs l~sed for implantation into the BET units were collectecl in 

:latural mars:: areas in both states. After removal from the marsh, 

sprigs were washed in sea.\ratee (39 percent salinity) to remove any 

substrnte from the root systems. When sprigs could not be introduced 

into BXT units on the dsjr of their removal from the marsh, they were 

store2 in seawater at 5°C. Storage time never exceeded three days. 

Plants %ere not introduced untii the dredged material had approached a 

consistency similar to tila-t of the natural substrate. More time was 

needed for drying the dredged material from Cedar Creek because of the 

kii$l water content of this sediment. In Georgia, plant sprigs were 
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implanted between 26 August and 7 September i977 and from 12 through 

25 August 1977 in Oregon. The average numbe-r of stems/unit implanted 

for each species in Georgia was 135 for g. spicata, 125 for 2. rirginica, 

26 for S. alterniflora - ----') and 101 for S. patens. - In Oregon, buckets were 

plan-ted with as many stems as possible and actual stem counts we.rc not 

recorded. 

Approximately 3-4 days following the introduction of plants, the 

BET uni-ts were checked to observe sediment levels and plant survival. 

In those imits where the dredged material had settled below the slot, 

drzdged material was added to establish the previous levels. SprigS 

whic3 aypcared t o be dead we.re replaced with freshly dug, washed :;prigs. 

Plant snm;?les were collected from each BET unit, at the end of two 

weeks and eight weeks. Plants were massed on a balance in the field to 

insure that a sufficient quantity (at least 20 g wet weight) of material 

was available for chemical analyses. Only live plant stems were har- 

vested for chemical analyses. However, some dead material was associ- 

ated with plants removed from the heavy metals substrate. In some in- 

s-Lances the regrowth after the first harvest was not sufficient to allow 

the collection of 20 g wet weight. 

Approximately 850 cc of each type o f dredged mzterlal and sub&rate 

from each of -the four natural marsh areas at each site were collected 

a-t the beginning of the experiment, At the end of eight weeks, pooled 

sediment samples representing each .type of dredged material (280 cc 

from each unit) and control units for each species were also collected. 

The handling of dredged materials was done with rubber gloves, and one 

individual harvested all materials from each type of dredged material 

to minimize the possibility of cross contamination. All samples were 

stored at 5OG prior to processing. 

Plants for heavy metals analysis were first rinsed in glass dis- 

tilled water. The leaf blades were cut from plan-t stems. Each leaf 

and stem Was then wiped three times with a Kim wipe moistened with 

distilled water. The plant material was then wiped in a similar fash- 

ion with a Kim wipe moistened with methanol. Following this procedure, 

the plant material was again washed with distilled water followed by a 
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washing wl.th 1 N hydrochloric acid and, finalljr, another washing with 

di.stiiled water. Piant materials for pesticide and PCB analyses were 

washed three times in distilled water cnly. The methanol and hydro- 

chlorite washings were eliminated. 

The washed plant material for heavy metal analysis was oven-dried 

at 70°C until constant weights were obtained. __,& Samples for chlorinated 

hydrocarbon and PC9 analysis were air-dried. Pried plant material was 

ground in a stainless steel Vile-y mill (8110 screen) and stored in glass 

bLtr-';les ‘ Xpproximate:y 10 ,g (dry veight) of powder/unit of pesticide 

aclti !'CB materials and 1 g (dry weight) of powder/unit of hea,vy metals 

ma,t.y:*ials were p-ocessed for chemical analyses. 

F!.ar,t an1 sediment szmpies were shipped from the t-go sites to the 

Ana.lytical Laboratory Group (AX) of the Envi.ronmental Laboratory (EL) 

al_. t b- ;3 i&J2 ", e r' r:qys ExTe,ev?'_ment Station (WES) for analyses. All samples 

were stored at 4OC until analyses could be made. 

Plant and sediment samples were proressnd for chemical analysis 

fnllowing guidelines of APHA et al. (1.976). IAgest solutions were 

anal-~ysed for al~.min-i;m (Al), chromium (Cr), copper (Cu), iron (Fe), 

manganes? (Mn), nickel. (Nil, and z5nc (Zn) S;r flame atmic absorption 

and emission (Perkin Elmer - Model 306 or ";03 Atomic Absorption S>ectu,o- 

photometer and Spectrometrics Argon Plasma Emission Spectrometer). 

Total water-soluble and exchangeable cadmium (Cd) and lead (Pb) were 

m~:nsured bjr flameless atomic absorption (Perkin Elmer - Model 2130 BGA 

graphite furnace). Arsenic (ris) concentrations were determined with a 

Zeeaan-Shlfi Atomin Absorp';l.on Spectrophotometer. 

The chlorinated hydrocarbons vere ext, ratted from plant and sedi- 

ment samples following guidelines establi shed by the EPA (1974 and 1975). 

Analysis of plant and sediment extracts was conducted with a. gas chro- 

matograph (Perkin Elmer Model 990 CC) equipped with an electron capture 

detector. Pesticides included in the analysis were aldrin, dieldrin, 

endrin, endosulfan, heptachlor, heptachlorepoxide, lindane, o,p' - DDT, 

PrDl - GDT, p,p' - DDD, and pVp' - DDE. The PCB's measured were 

Arochior isomers 1242, 1248, 1.254, and 1260. 

Logarithmic transformation was performed on plant and sediment 
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data obtained from the BET units used for the heavy metal studies. 

Analysis of variance was used to test for differences among sediments 

and Duncan's New Multiple Range Test was used to separate means. A 

Student's T-test was applied to plant data. Significance is expressed 

at the 0.05 probability level (Steele and Torrie, 1960). A Student's 

T-test was used to evaluate differences between control and experimental 

BET units in the PCB tests. 

Results and Discussion 

Plant survival. In Georgia the aerial parts of all plant species 

on each type of dredged material appeared to be dead or dying two weeks 

after transplanting into the BET units. At eight weeks, however, ne‘w 

s;)rigs and live stems were present in the control, chlorinated pesticide, 

and ?CB units. All plant material in the heavy metals units appeared 

to be dead or dying. In June 1978, no plant material, either live or 

dead, was present in the heavy metals units for any plant species tested 

(Figure )+a). The live stems for the control, pesticide, and PCB units 

were approximately one half the densities for the same units ai; the 

time of planting (Figure 4b). 

D. spicata, - a species tolerant to a variety of conditions, np- 

peared to be surviving well in all three dredged materials by 1 Septem- 

ber 1977 in Oregon. 2. virginica, at the other extreme, showed poor 

survival. In Oregon, L b. virginica usually grows on coarsely textured, 

hignly saline soils. Two of the three dredged materials used in this 

study were finely textured with low interstitial water salinities, and 

hence poor growth might be expected. The water flooding the marsh where 

these BET units were incubated was nearly marine (32 percent), and 

interstitial water salinities rose rapidly. Salicornia virginica was 

replanted after four weeks, and growth on the then more saline media 

was much better. Deschampsia cespitosa and C. lyngbyei- exhibited growth - 
responses intermediate to those of the first two species mentioned. In 

June 11978, only S. virginizn was surviving on the heavy metals material, -- 
and even there the growth was poor. The other plant species were grow- 

ing well in all other units. 
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a. Heavy metal substrate originally planted 
with Salicornia virginica 

b. PCB substrate planted with Spartina patens 

Figme 4. BET units in Georgia in June 1.978 



It is difficult to conclude whether the failure to achieve signi- 

ficant growth in the heavy metals materials was related to the texture 

of the dredged material or to the concentrations of various metals 

in these sediments. In a previous study, where five species of marsh 

plants were grown on three types of dredged materials in a greenhouse, 

Gallagher et al. (1977) found that IL. spicata grew moderately well on 

dredged material of a similar consistency to the heavy metals material 

used in this study. Thus, the extremely high levels of potentially 

toxic materials in the heavy metals sediments could account for the 

very -poor survival of plants grown in these materials. Other workers 

have observed high mortality or stunted growth in plants grown on highly 

concentrated heavy metals sediments (Dunstan et al., 1975). 

Contaminant uptake. The dredged materials obtained from Broad 

Lake, Mississippi, were suspected to contain high concentrations of 

pesticides but were found to be virtually free of contamination. Total 

pesticide concentrations of Broad Lake sediments shipped to Oregon were 

< 0.01.0 ug/g. The only pesticide fo-imd to be above detectable limits 

in Broad Lake sediments shipped to Georgia was dieldrin, at a concentra- 

tion of 0.150 rig/g. Pesticide concentrations were < 0.010 rig/g in 

natural substrates used in the control BET units at each site. 

Concentrations of chlorinated pesticides at the end of eight weeks 

in experimental and control plants were less than detectable limits for 

all species at both sites with the exception of two units in Georgia 

where low levels of heptachlor were identified. 

Natural marsh soils from each site were essentially free of PCB's 

at the time of planting (< O.lOQ ug/g) and the end of eight weeks 

(4 0.200 pg/g). At the same time, PCB's in dredged material from the 

Hudson River exhibited a ratner high concentration (Table 1). 

The data indicate that some PCB uptake may have occurred in g. 

spicata in Oregon and S. alterniflora in Georgia. A Student's T-test - - 
indicated the PCB concentrations in 2. alterniflora grown on the con- 

taminated dredged material were significantly higher (0.01) than those 

growing on natural soils. It is clear that there was a higher concen- 

tration of PCB's in the Q. spicata grown on the contaminated dredged 
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material although the control values were known only to 'be < 1.00 ug/g 

dry weight of tissue. The presence of PCB's in some of the control 

plants may have been caused by contamination during the sampling pro- 

cess or analysis, even though precautions were taken to prevent this 

from occurring. In a few instances the BET would have raised questions 

about the plants acting as vectors for the transfer of PCB compounds 

from the sediments to the estuarine food web. 

Hea-vy metals concentrations in soils from the Georgia BET units 

are listed in Table 2. Concentrations of Cr, Cu, Fe, Pb, Mn, Ni, and 

Zn in Bridgeport Harbor dredged material prior to and 8 weeks after 

planting were significantly greater than levels in native substrates 

for t.kle same time intervals (Table 3). Al, As, and Cd were not differ- 

ent when the ssme comparisons were made. Levels of I% in the initial 

dredged material were significantly greater than concentrations after 

eight weeks. Concentrations of other metals included in analyses did 

not differ. This indicates that some leaching of Mn from the BET units 

may have occurred during experimentation since Mn concentrations did 

not increase in any of the plants tested. Native subst,rates did not 

differ when initial metal concentrations were compared with levels 

after eight weeks. 

Similar trends were observed in heavy metals concentrations from 

Oregon soils (Table li). Levels of Cr, Cu, Mn, Ni, Pb, and Zn in the 

dredged material prior to planting were significantly greater than 

concent.rations in native substrates prior to and eight weeks after 

planting (Table 3). Elements not different for the same comparisons 

were Al, As, Cd, and Fe. There were also no differences in metal con- 

centrations in Bridgeport Harbor materials either before or after plant- 

ing. After eight weeks, the dredged material contained significantly 

less Al and significantly greater concentrations of Cr, CU, Db, Mn, Ni, 

and Zn than native substrates either initially or at the end of experi- 

menta-tion. Levels of Cr in native substrate were significantly greater 

than concentration; after eight weeks. Other elements were not 

different. 

Although data on heavy metals concentrations in natural marsh soils 
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are not readily available, some comparisons to previous work can be 

made. Concentrations of Pb, Cu, and Cd in S. alterniflora substrates - 
in Georgia reported in this study are similar to levels in S. alterni- - 
flora sediments bordering the Altamaha River, Georgia (Dunstan et al., 

1975). -Levels of Mn: Pb, and Zn recorded in this study for the same 

sediments are much higher than those for S -- alterniflora substrates in 

Virginia marshes (Drifmeyer and Odum, 1975). Banus et al. (19753 re- 

ported higher Pb and Zn levels i.n sediments from S. aiterniflora - ..~ 
marshes in Massachusetts than those in this report. Concentrations were 

I . slmlar to those found in Georg;i_a soils. 

deavy metals co:;centrations in plants grown in Georgia BET units 

are listed in Table 5. Levels of Cd, Cr, Cu, Fe, Ni, Pb, and Zn in 

5. alterniflora plants are similar to those reported for natural S. - 
?Iterniflora stands from the Atlantic coast (Banus et al.., 1975; Dunstan --_-__ 
et al., 1975; Drifmeyer and Odum, 1975; and Lee et al., 1976). Mn 

levels were lower than those reported by Drifmeyer and Odum (1975). 

Cd, Cr, Cu, Ni, Pb, and Zn levels in S. patens were comparable to levels - -- 
:*eported by Banus et al. (1975 ), Drifmeyer and Odum (1975), and Lee 

et al. (1976), while Mn levels were lower than those in S. patens from - 
Virgi.nia. 2. spicata levels were also comparable to concentrations of 

Cd, Cr, C-u, Ni, Pb, and Zn reported by Lee et al. (1976). Data on S. - 
virginica are not available. 

Experimental units containing D. spicata, 2. virginica, and S. - - 
al--terniflora plants had significantly higher concentrations of Zn than 

the control plants (Table 6). Laboratory tests by Lee et al. (1976) 

and field studies by Banus et al, (1975) and Drifmeyer and Odum i , '1975) 
also demonstrated an increase in Zn levels in S. alterniflora grown on - 
media high in Zn content. 

Significantly higher levels of Cu were found in experimental S. 

virginica and S. - - patens plants than in the controls. Although eompara- 

ble experimental data for Cu in the above two species are not available, 

Duns-tan et al. (1975) demonstrated a high mortality rate for S. a"terni- - -- 
flora seedlings grown on a medium containing 100 pg/kg of Cu. 

D. - spicats experimental plants had significantly higher 
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concentrations of Pb than control plants. Lee et al. (I-976) reported 

an accumulation of Pb in roots of D. - spizata grown on a hi,<il--i?;) medium 

with little translocation to stems and leaves. Drifmeyer and Odum 

(1975) demonstrated an increase in Pb levels in 2. alterniflora exposed 
.A_ us ileavy metals sediments as did Banus et al. (1975). Mn levels were 

slgnificsntly lower in g. spicata experimental plants than in the con- 

trols. This decrease cannot be explained although Drifmeyer and Cdum 

(19751 reported lower Mn levels in S I. alterniflora grown on heavy 

me-tsls ms:terials . 

Besul+s of heavy metals analyses for Oregon plant;; are listed in 

Table 5. Levels of Al, Cu, and Fe were significantly higher in D_. 

s%ica:a experimental plants than in the controls (Table 6). Fe concen- +-- 
trat5;,ns were also significantly greater in C. lyngbyei experimental -_ - - 
p?.ark,s than in control plants. The increases in Fe levels are some- 

what surprising since Fe concentrations in natural marsh substrates and 

heavy metals dredged material did not differ. Perhaps the environmental 

conditions in the soil and/or the form and conseq.uently the availabil- 

ity cf the iron differed in the two substrates. Experimental S. _- 
. . . vlrgLnlca olants had significantly higher concentrations of Cu than -s- I__ 

<he i?ontro: @ants. D. cespitosa had significantly less Zn than con- _- 
tro:s. and Pb levels were significantly lower in D. @cata experimental - -- 
plants than in the controls. 

Summary and Recommendations 

A bioassay experiment test unit for use in testing plants for up- 

take of potentially toxic materials from contaminant dredged materials 

was tes-ted in the fiel.d. D. spicata, 5. virgin&, 5. patens, and 5. - 
alterniflora in Georgia, and 2. --_ lyngbyei, g. cespitosa, g. spicata, and 
n a. -.- virginica in Oregon were grown on three types of dredged materi.al 

-d,ntaining chlorinated pesticides, PCB's, or heavy metals and compared 

-&th control plants grown in native soils. 

TJptake of chlorina-ted pesticides could not be demonstrated because 

~,f the low concentrations of contaminants in these sediments. PCB 
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uptake was discerned in two cases but was not detected in others because 

(a) either it did not occur, (b) the sample size was too small, or 

(c) the analytical methods were inadequate. The heavy metals data indi- 

cate that, in Georgia, translocation of some ions occurred in the 

following species: Zn in D. spicata S. virginica, and S. alterniflora; - --9 - - 
Cl1 in s virginica -* " and S. patens; - and Al and Pb in D. spicata. In - 
Oregon, .D_. spicata grown on heavy metals sediments had higher levels of 

Al, Cu, and Fe than control plants. Fe concentrations were also higher 

in C. lyngbyei, and Cu levels were higher in S. virginica experimental - 
than in control plants. 

The method of using BET units as a predisposal test for contaminant 

uptake and plant survival appears to be a workable technique. Advan- 

tages of BET units determined by this study include: (a) inexpensive 

and easy to construct; (b) easy to implant and remove; (c) a large 

number of plant species can be tested at the same time; and (d) plants 

can be tested in their natural environment where they are exposed to 

daily fluctuations in salinity, temperature, tidal flow, and activities 

of marsh invertebrates. The access port designed into,the unit provides 

an entrance way for marsh vertebrates. The importance of invertebrate 

activity has been well documented by Wiedemann (1972), Kraeuter and 

Wolf (l-974), Barko et al. (1977), and Edwards and Frey (1977). As 

a result of these activit:‘es the substrate within the buckets acquires 

characteristics of the associated marsh. 

We conclude that the bioassay experiment test unit is an efficient, 

relatively inexpensive technique fo. r screening for the uptake of con- 

taminants by plants grown on dredged materials. Users are cautioned, 

however, that additional procedural refinements are neccessary prior to 

general application by field elements. 
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