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Preface 

Included in this document are three sections which 

describe the efforts of the Virginia I�stitute of Marine 

Science's staff on the Role· of Sediments in the Storage, 

Movement,and Biological Uptake of Kepone in Estuarine 

Environments. The first section is entitled: "Kepone in 

James River Sediment," by Maynard M. Nichols and Richard 

C. Trotman. The second, "Kepone Water-Sediment Elutriates,"

by Robert J. Huggett and the third, ''Uptake of Ke pone From 

Suspended Sediments by Oysters, Rangia and Macoma," is 

by Dexter S. Haven and Reinaldo Morales-Alamo. 

Also attached is a progress report on the EPA funded 

James River Hydrographical Survey Study which was conducted 

in the late summer of 1977. 
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KEPONE IN JAMES RIVER SEDIMENTS 

An annual progress report to EPA 

by 

Maynard M. Nichols and Richard C. Trotman 

October 1977

1. Purp�.

This study aims to determine where kepone has accur:rulated in

the bottom sediments; that is, where are the sediment sinks for 

kepone? A second aim is to trace the routes and rates of trans­

port; that fs, what happens to kepone-bound sediment when released 

fro� its source? Finally, how long will it take to reduce levels 

of 1one in the sediment by natural processes? 

Results emerging from the study are of use to advise state 

and federal authorities how to clean-up kepone pollution through 

natural processes. They provide basic data on sedimentary pro­

cesses for benthic ecosystem models; they are of use for evalu­

ating the effects of dredging kepone-rich sediments. As a 

tracer of sediment, kepone provides new information on sediment 

dispersal and the circulation of fine-grained material in a 

classic estuary. 

2. Highlights of Activities.

Efforts during the period were highlighted by the following:

•Review of James River sediment data to pre�ict fate of

kepone for program formulation.
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•Presentation of paper on results historical review�

First Kepone Seminar, at VIMS, October 1976.

•Preliminary field sampling of surface sediments along

length of James in three periods, September, December

1976, and March 1977; 37 toi52 stations sampled during

each period; 18 cores obtained.

•Co-ordination conferences with EPA program manager,

Dr. Tudor Davies, Gulf Breaze and Virginia State Water

Control Board, October through December, 1976.

•Employment of project personnel, Mr. Richard Trotman,

completed April 1977; sedimentologic effort in full

swing.

•Liason with Battelle Northwest, Dr. Onishi, on field

programs and math model formulation.

•Liason with Manhatten College, Dr. D. O'Conner and

R. Thomann, concerning formulation of a math model

for sediment and kepone tTansport. 

•Development of structure for mathematical model of

sediment-kepone transport with Dr. Kuo.

•Formulate plans for suspended sediment-kepone field

study, May 1977.

•Follow-up sampling of bottom sediments and selected

cores of dredge disposal sites, July 1977. Continued

lab analyses of these samples and previous samples.
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•Preparation for field study; filters, field equipment,

and field labs for processing suspended sediment, June

through July 1977.

•Field observations, sampling and measurement of kepone

on suspended sediment, currents, and related parameters,

August 1977.

•Laboratory analyses of suspended sediment samples, total

concentration, organic content, September through

October 1977.

•Participation in Second Kepone Seminar and kepone

Symposium at the 4th International Conference on

Estuaries.

•Follow-up sampling of bed sediments in Hampton Roads

and lower Chesapeake Bay in conjunction with closing

of area to crabbing: 12 stations occupied.

•Field sampling of bed sediments curtailed in October

1977. Data reduction largely complete.

3. Aooroach.

Efforts during the period mainly consisted of field sampling,

laboratory analyses, and data reduction. First, historical data 

on kepone and James River sediments were reviewed to identify 

probable kepone sediment sinks and relative rates of deposition. 

Sampling stations were sited throughout the estuary in relation 

to water depth, bathymetry, oyster grounds, deposition patterns, 

dredge and disposal sites, and in relation to the kepone source. 
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field procedures were worked out to sample freshly deposited s~Ji­

ment on the bed as well as in cores at selected sites. Laboratory 

procedures were set up to process &arnples for particle size and 

o=ganic content. The horizontal and vertical distributions of 

kepone we~e delineated graphically and evaluated with ti~e over 

one year in relation to basic information concerning sedinentary 

processes ~nd transport of fine-grained sediment. An attecpt was 

made to d•:?termine from field samples the distribution of kepone 

in relation to particle size and organic content. 

,~. }fethods and Procedures. 

Bed sediments were obtained by a Petersen grab with a 0.05 m~ 

bite area or a 7.6 cm (3-inch) diameter corer. The corer was 

especially constructed for obtaining soft mud with minimal dis­

tJrbance. Approximately 30 ml of sediment was obtained from the 

_ top s_edim,~nt surface and returned to the laboratory for ar1alyses. 

Stations were closely positioned by ranging or sextant bearings 

on buoys and landmarks. Samples were frozen prior to laboratory 

analyses. 

In the laboratory bulk sediment samples were processed for: 

(1) kepone content, (2) organic matter by loss on ignition, and 

(3) particle size (percentage sand, silt and clay) by sieving 

and pipette. Additionally, the sieved fraction, less than 63u 

of samples collected in September and December 1976, was analysed 

for both kepone content and for particle size by a Coulter Counter. 

Laboratory methods follow conventional procedures described 1n 
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Figure 1. Scheme for laboratory processing of bed sediments. 
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Moncure and Nichols (1968), Standard Methods (1973) and Folk 

(1961). Details are given in laboratory instructions on file at 

'VIMS sedi-mentological lab. Figure-··; summarizes steps in labora­

tory processing. 

5. Results and Their Significance. 

Spatial Variabilitv. A special study of variations in kepone 

concentrations in bulk bed s~dimcnt over a small spatial range 

"as conducted at two selected stations: (1) station 15 in lower 

reaches near Wreck Shoal with 3 m water depth and (2) station 

40a in middle reaches at buoy 62 with 6 m water depth. At sta­

tion 15, .four samples were taken at random from the top< 2 cm 

of sediment and of the top< 15 cm of sediment, all from the 

same grab. Table 1 lists the results. Spatial variations within 

the 0.05 m2 area of the grab are relatively small with standard 

. deviations. less than + 7 percent. 

Table 1. Variation in kepone concentrations in the top< 2 cm 
and the top< 15 cm of sediment from a single grab; 
station 15, June 15, 1977. 

Depth Interval 

0-2 cm 

0-6 cm 

Kepone, ppm 

0.026 
0.025 
0.029 
0.026 

0.012 
0.013 
0.013 

Mean: 0.027 
Range: 0.025 - 0.029 

Std. Dev. : ± . 002 (:t Tio) 

Mean: 0.013 
Range : 0.012 - 0.013 

Std. Dev.:+ .001 (+ 8%) 

At station 40a one sample was taken of the top.< 2 cm of sed­

iment from 10 successive grabs. The grabs were obtained at random 
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w:~ile the vessel drifted over distances of 225 m downstream and 

lJS m upstream from the station. Results of the sampling and 

analyses (Table 2) indicate a very-wide ra~ge of values within a 

distance less than 230 m. Despite the low bottom relief and small 

textural differences of the sediment at the site, kepone concen­

trations ranged as much as 0.41 ppm. When surface samples were 

taken at random from 12 successive grabs at the same station, 

number 40,3, (Table 2) (an anchor station with an area of about 

200 m2
) the kepone concentrations ranged 0.47 ppm with a standard 

deviation of 44 percent. 

Table 2. Spatial variation in kepone concentrations from the 
top< 2 cm of sediment of. successive grabs at station 
40a, July 5, 1977 (drift station) and July 20, 1977 
(anchor station). 

Downstrea:n 
225 m 

0.062 
0.074 
0.081 
0.067 
0.096 

.110 
0.130 
0.340 
0.360 
0.470 

Drift Station 

Upstream 
135 m 

0.021 
0.025 
0.029 
0.023 
0.017 
0.013 
0.027 
0.033 
0.029 
0.023 

Mean: 0.024 

Anchor 
Station 

0.27 
0.17 
0.44 
0.21 
0. 14 
0.27 
0.33 
0.39 
0.34 
0.61 
0.61 
0.28 

Range : 0.013 - 0.033 
Std. Dev.: 0.006 (25%) 

Mean: 0.179 
Range: 0.062 - 0.470 

Std. Dev.:+ 0.151 (~ 84%) 
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The marked variations are partly due to the sampling process 

whereby some surface sediment is necessarily washed in the grab 

or disturbed at depth. However, most local variations are 

inherent in the bed sediments which are affected by variations 

. in scour and fill, variations in texture and organic matter. 

Such variations define rather broad limits which may be placed 

on the kepone distrib~tion as a function of location. They 

affect "seasonal" distributions inasmuch as the navigational 

capability of relocating a station is no better than a circle 

130 min diameter. 

Dist~ibution of Kepone in Surface Sedi~ents. The sediments from 

middle reaches are the most contaminated. As shown in Figure 2, 

average kepone concentrations in bulk bed sediments from the 

channel(> 4 m depth) are higher between mile 38 and 52 than 

near the source (mile 63) or farther seaward in the estuary. 

·This ·is the zone of the turbidity maximum which lies landward 

of the inner limit of salt intrusion. Suspended sediment con­

centrations in this zone are higher than elsewhere most of the 

year. 

When longitudinal distributions of kepone are compared for 

surveys in December 1976, March 1977, and July 1977, there are 

no significant trends with time. Instead the concentrations 

are relat:lvely stable within a range of about 0.10 ppm. How­

ever, the average levels of concentration from December 1976 

through July 1977 in middle reaches (0.15 ppm) are g~nerally 
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lower tha~ those measured earlier by VI~S in September 1976 and 

uy the Corps of Engineers in January 1976 when concentrations 

were 0.27 to 0.48 ppm. 

The zone of high sediment contamination covers both channels 

and contiguous shoals. As sho'W11 in plan view, Figure 3, aver­

age concentrations are higher in the reach between Jamestown and 

Weyanoke than elsewhere. The highest average concentration is 

in sediment from a shoal off Dancing Point. Elsewhere, concen­

trations are locally high off mouths of tributary creeks such as 

Bailey's Creek near the kepone source, Chippokes Creek, The 

Thorofare, Jamesto'W11 and the Warwick River. Substantial con­

centrations, ranging 0.66 to 1.20 ppm, are found in Burwell Bay. 

However, concentrations are relatively low in narrowed reaches 

around Hog Point. Kepone content generally diminishes seaward 

trom Burwell Bay to Hampton Roads where concentrations are less 

· than·0.010 ppm. Twelve sediment samples from lower Chesapeake 

Bay in September 1977 all had concentrations less than 0.010 ppm. 

Distribution of Kepone at Depth in Sediments. Contamination of 

bed sediments in zones of natural fill (undredged) extends to 

about 40 cm below the bed surface (Figure 4). Greatest.contam-
, 

ination, often exceeding 0.50 ppm, occurs at depths of 10 to 

20 cm below the surface. However, in cores from shoals in the 
,., 

shipping channel where sedimentation is locally fast (i.e., 30a), 

concentrations increase downward to a depth of 60 to 80 cm. This 

trend reflects the diminished supply of kepone-rich sediment with 
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time since the Summer of 1975. Kcpone content of old dredged 

macerial decreases slightly with depth (i.e., cores 41a, 30b, 

1.9-7.S). The depth trend results from mixing of sediment dur-
' 

ing dredging and disposal. The contaminated sediment is most 

1 ikcly mbced and "dilutcd 11 by uncon~aminatcd sediment and thus 

reduces the overall concentration. 

A few samples from the Jamestown-Dancing Point reach collected 

in May 1967 showed dectable amounts of kepone (.038 and .018 ppm). 

Although the content is low, the srunples suggest that the life 

span of kepone in the sediments is at least 10 years. 

State of ~cnone in Sediments. The concentrations of ke?o~e are 

orders of magnitude greater in the bed sediments than dissolved in 

estuary water. An indication of the state of kepone storage in 

the sedim,?nts is gained by examining its relation to percent clay 

content, mean particle size and organic content. 

Finer-grained sediments are generally the most contaminated. 

A plot of mean grain size versus kepone concentrations throughout 

the'estuary (Figure Sa) shows a great deal of scatter. Likewi~e 

a plot of percent clay content versus kepone concentrations varies. 

widely (Figure Sb). Part of the scatter results from the great 

vari3tion in textural types througho~t the estuary whereas kepone 

con tent p.lrtly varies in re lat ion to its source. When kepone 

c,:>ntent of samples from a single reach of the estuary is considered 11 
/ 

however, there is a trend for higher keponc content in the fine­

grained sediment with high clay content. 
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There is a distinct trend of increasing kepone content '.,'ith 

increas in.; organic content. As shotvn. in Figure Sc, organic-rich 

sediments have higher kepone conteRt than sediments with low 

organic c~ntent. As expected, sa~ples landward from the kepone 

source or from zones of scour, display wide scatter. The trend 

i~dicates kepone prefers organic matter, either adsorbed on 

<lctrital particles or ingested when the drganic matter was pro­

duc0d. As organic matter slowly decomposes in the sediment, 

t:hcre is .J.n opportunity for kepone to escape into interstitial 

or overlying water. 

6. DiSC1JSSion. 

Sedi~entarv Sinks for Keoone. The James Estuary is an environ­

··1cnt \•:hen~ much river-borne sediment accurr:ulatcs. Zones of 

active deposition may be expected to be areas of rel?tively high 

scdi~.('nt ,:ontamination. On the other hand, zones where the bed 

is scoured into older sediment or zones where river-borne sedi­

ments are by-passed, are zones of relatively low contamination. 

L1asr.mch a.s sedimentary processes are relatively slow, deposi­

tion sites are indicators of long-term processes. They are an 

end product of short-term variations induced by local wave and 

current transport. 

Kepo::1e contamination is generally greatest in sites of active 

sc·di:::12ntation: (1) the Jamestown-Dancing Point reach which is 

also the site of the turbidity maximum, (2) Burwell Bay, and 

(3) tributary creek oouths. Zones of sedimentation have been 
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delineatej in a former study (Nichols, 1972) (Figure 6) fro~ 

differences in water depths over 35 and 70 years. The rates of 

sedinentation within the zones probably change with ti::1e but 

the sites of deposition persist. 

Kepo~e concentrations arc locally high off the ~ou:h of 

Bailey's Creek, the kepone source. However, che ~ain ~ist=ibu­

tion does not display decreasing concentrations with dis~a~ce 

.- l I d h . . 1 • • h · td 1 a~ay ~rom t1c source. nstca, t e main sin~ is int. e ~ia e 

estuary, the zone of .the turbidity maxi:-mm ~here suspended 

sedinents are trapped and deposited. Sediments in this zone 

are finer-grained than elsewhere, less than 8u mean size. Clay 

content in this zone is also higher than elsewhere in the 

( uary. 

Routes of Transport. From the sedimentation patterns, kepone 

distributions and existing hydraulic knowledge of the James, it 

· is possible to sketch the probable route of kepone-sediment 

transport. Both the source of kepone and the major source of 

suspended sediment come from the same direction, landward or 

upstream of the estuary. Since the influ..x of sediment from 

. Baiiey's Creek is very small in proportion to the influx of 
..... 

sediment from the main river, it is probable the kepone was 

mainly introduced in the dissolved form and bound to suspended 

sediment from the main river. Since the estuary is fresh above 

Jarnesto,;,m most of the year, net transport fro:n Hopewell to 

Jamestov.10. is directed seaward. When suspended sedi~ent reaches 

- 381 -



-·---------------

the Jamestown area, transport is slowed dmm because net velocity 

approache.s zero in the null zone at the salt intrusion head. The 

null zone acts as a dynamic barrier. that restricts seaward trans­

p,::>rt of river-borne suspended sediment carried near the botto::1. 

Only scdLnent carried near the surface is transported farther seaward 

through the upper layer .. If this sediment settles downward, it 

is carried back upstream to the null zone by landward density 

c~rrents through the lower estuarine layer. However, sedi~ent 

carried o·Jer the shoals may escape the estuary through the upper 

layer especially during floods like Agnes. Nonetheless, the bulk 

of the sediment load is trapped landward of the null zone. As 

a tracer of sediment, kepone supports this fact~ ~ost kepone 

c:mcentrations are located in or above the null zone and they 

p,ersist with time, both over the short-term, 8 months of sampling, 

and over the long-term as demonstrated from the distributions at 

d~pth in cores. The data indicate that it will take a long time, 

many year;;, to reduce levels of kepone in the sediment by natural 

processes of decay and dispersal. Part of the kepone will be 

b·..iried by "new" sediment but the most significant reduction will 

come by "dilution" with uncontaminated sedirr.ent introduced during 
·, 

freshets and floods. This trend has already started on the floor 

of the shipping channel where sedimentation is locally fast. 
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KEPONl·: WATER-SEDIMENT El.tJTH IATES 

Many pollutants have an affinity to sediments which is ~ovc!""nl·d 

by cha surface charges on particles. This is particularly true for 

some of the trace metals - such as zinc - with the clay mineral 

portion of the sediments. The magnitudes of the surface charges are . . 
affected by pH and salinity (Parks, 1967). Therefore, it was necessary 

to determine if Keponc behaved in a similar manner because, in the 

James River, both the estuarine and the tidal fresh water portions 

with their wide ranges of pH and salinity were contaminated by the 

pesticide. As well the dis~ribution of Kepone in the botto~ sediments 

of the James show a marked increase in that portion usually in the 

vicinity of the freshwater - saltwater interface. At this boundary 

the wa~ers change from fresh, (salinity <0.5 ..... ,) to saline, (salinities 

0. 5 J. to 20 - 25,-'.,).. Also in this region the pH of the water increases 

. ~n near 7 to 8 due to the b~ffering capacity of seawater. With 

these abrupt changes in pH and salinity coinciding with the change 

in Kepone concentration, it appeared possible that fresh water 

sediments, highly contaminated with the pesticide, were being ''ex­

tracted" by estuarine waters as they traversed this boundary pro­

gressing seaward or that Kepone in solution was not adsorbed by 

sediments in saline waters. Therefore, experiments were conducted 

in the laboratory to determine the extractibility of sediment-Keponc 

by waters with varying ranges of salinity and pH. 

The experimental design included two phases. The first p~ase 

was to determine the accuracy and precision of the analysis of water 

for dissolved Kepone and the second phase was to determine the amount 

of Kepone removed from contaminated freshwater sediments by waters 

\. _ch pH's ranging from 6 to 9 and salinities of (0. ~ and 2~. 
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These rangci; of pH's and sal initics bracket th:>se found in the 

Ja.mcs River. 

Phase I, Wat:er-Kepone Analysis 

The mechod utilized for the Kepone-water extraction was one 

developed b:r The Environmental Prote~.tion Agency, Research Triangle 

Park (1975). It involves liquid"extriction using benzene as the 

organic solvent. The extractions are carried out in se?eratory 

funnels with 3 successive treatments of the same water with benzene 

at a ratio of 1:10 benzene to water. The extracts are co~bined and 

then dried by passing them through anhydrous sodium sulfate. The 

co~bined extracts are then analyzed by electron capture gas chroma­

tography. 

Tu ~heck the efficiency and accuracy of the procedure, Kepone 

free water, (obtained either from Kepone noncontaminated estuaries 

such as the York or from laboratory deionized-double distilled 

stocks), was spiked with known amounts of Kep~~e, extracted and 

analyzed (Table I). 

Phase II, Water Extraction of Kepone Fro~ Sedimants. 

The experimental design for this phase involved subjecting 

Kepone contaminated sediments from the ~anes River, obtained fro:n· 

the fresh water portion, near Hopewell, to waters with varying pH's· 

and salinities. The salinities were either fresh, (0.06;~._), obtained 

from the James River or saline, (19.5;(,), gotten fro:n the :nouth of 

the York Ri'1~r at the Virginia Institute of Marine Science's facility. 

The pH's of these waters were adjusted to the desired levels by 

addition of either reagent grades of hydrochloric acid or sodiu~ 

hydroxide. 

After the dcsir~d p~ and salinity were achieved~a portion of 

wet sediment (100 g ) was placed in a flask and the water (250 ml) ·~. 

- 384 



aJJed and the mixture was agitated with :t Wrist-Ac:tion Shaker for 

l hr. Following this the sediments w2rc sepacated by centrifugation 

.J the supernatant water was extracted for dissolved Kepone by the 

method previou3ly described in the Phase I section of this report. 

In all, 36 separate extraction were analyzed and che resulting 

water Kepone concentrations were compared to that in the exposed 

sediments. The comparisons are reported as the percent removed by 

a water of a given pH and salinity in Table II. 

Discussion: 

The data fro:n Phas~ I clearly show that the Benzene method of 

extracting Kepone fro:n water yields approximately 85,~<' or better of 

the amount of the pesticide from solutions spiked at 1 ppb to 10 ppb. 

However, at concentrations below 1 ppb the efficiency drops greatly -

for instance, 64,~- yield at 0.5 ppb. These yields can be used to 

judge the accuracy obtained for Kepone analyses of water by this 

.thod. The precision estimates can be seen from the standard devia­

tions which show + 14,.#· or better for spiked solutions of l to 10 ppb. 

The precision of the method for concentrations of 0.5 ppb are in the 

same ringe which suggests that a portion of the ''spike" may be 

sorbed to the walls of the glassware or lost by some ocher means. 

Attempts w~re made to try solvents other than benzene, for 

extraction, (ethyl acetate - toluene, methylene chloride) but with 

the similar results - dissolved Kepone at concentrations less than 

1 ppb m:1y be 100:\ i:1. error. 

Since only at the 10 ppb Kepone concentration were the effect 

varying salinities on the analysis compared, it is risky to judge 

salinity effects on the method. Evenso, there is no obvious effect 

using natural waters of 0.06 and 19 .. S~""t?. 
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. ..,.,--. ._li~~-----------

The c:xtraction cxperim<'nts, the results of which arc given 

in Table II and Figure l, show that there is no apparent affect 

of either salinity or pH, within the ranges used which approxirn3te 

those found in the Ja~es River, on the extractibility of KepJne 

from sediments by water. It must b~.kept in min1, hoNevcr, that 
. .• 

the amounts of Kepone extracted were in the tenths of ppb range . 

. Since the analytical methodology is less than ideal at these con­

centrations some differences could go undetected. Figure I sho~s 

that all results are within 2 standard errors of each other which 

implies no difference at th~ 95"''· confidence interval. 

The data indicate that, if the analyses are correct, the 

partitioning coefficient of Kepone from sediment to water is approx· 

imatelj 6 x 10-4, irrespective of natural ranges of pH and salinity. 

It follows then, that the relatively high concentrations of Kepone 

at the fresh water-salt water interfa:e and U?St:.r~a:n are likely due 

to the turbidity maximum (mentioned in the sediment section) rather 

than che~ical factors such as partitioning. 
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TABLE I . ' 'J 

Extraction Ef f ic ienc ies of Kepone from 
Water by the Benzene Method 

Salinity Adjusted Spiked io Recovery 
pH Kc pone. Concentration 

0%, De:i.onized H20 7.0 lOP,?h 9670 
" II 9970 

" " Sppb BT'lo 
" " " 90% 
" " " 78"/o 
" " " 9470 
" It " 9510 

" " lP.pb 97% 
" " 72"/o 
" " " 937" 
" " " 69n' /,, 

" Ii " 9 ]~/;) .. " " 56~~ 
" " " 102?) 
" " II 85~~ 
" " " 86 i'~ 
" " " 96:'J .. " " 83't', 

.. ,, 
O.Sppm 7270 

" " ti 5170 
" " " 6n. 
ti ,, 

" 71 ?~ 
" " " 6770 
" " II 557., 
" " " 801 .. " " 487~ 
" " " 6910 

0.06% J,unes R. H20 7.0 lOf.pb 86% 
" " 99to 
" " " 9 2°/, 
" " " 85?ri .. ti .. 83% 
" .. .. 77% 
" " .. 76% 
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'.'/tBLE I (continu~d) 

Salinity 

19.5% York R. H20 
" 
" 
" 
" 
II 

" 

Adjuste.d 
pH 

8.0 
" 
" 
'' 
" 
II 

" 

Spiked 
Kepone Concentration 

lOppb 
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" 
" .. , 
" 
'' 
" 

% Rccovcrv 

85?. 
7 3;~ 
9 0=-· 

, I 

74?~ 
103~~ 

99% 



Sal initv 

Deionized+ Di~tilled 

" 
" 
" 

0.06% James River H20 

19.5% York River H 0 

Adjusted 
pH 

7.0 

" 
" 
" 

7.0 

8.0 

TABLE· I 

Summary 

Spiked 
Kcpone Concentration 

lOppb 

Sppb 

lppb 

O.Sppb 

lOppb 

lOppb 
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Aver.1~e yield 
Ar;C: Star.dad de', 

98 + ?"I .. ,o -
89 + 7% -
85 + 14% -
64 + 117~ . -
85 + 87., -
87 + 13% -

' ( 
-. ''" 



D. 06/v 
f I 

ti 

" 
'' f I 

ti 

" ,. 
,. 

It 

II 

ti 

II 

" 

19. s:" 

,, 
II 

II 

" 
" 
" 

Elutrintc Results 

(ScJimcnt + ppm K~ponc) 
+ Sd L:!J. ' Hc·:nov<.•d 

6.0 
II 

7.0 
" ,, 
" 
" 
" 
" 
" 
" 

8.0 
" 
" 

9.0 
" 

s.o 

6.0 
" 
" 

7.0 
" .. 

0. 04 ·~) , 
0. 06,~., 

0.11 
0.11 
0.09 
0.12 

<'0. 01 
0.07 
0.06 
0.06 
0.11 

0.06 
0.09 
0.09 

0.05 
0.06 

0.03 

0.04 
0.06 
0.03 

0.02 
0.07 
0.04 
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STD. ERROR - 0.01 
0.05 + 0.01: of total Keponc in 
sediment recovered at a pH 6.0 + 

... 0. 06: ', 
• 

0. 03 + 0. 0~ ·' of tot~, l :-:crvnl\ ~ ·: 
s Cd i. ;'.";(' ~1 t r CC O V C: r C cJ at a p 11 7 • () 
+ 0.06' 

STA~DARD ERROK 0.01 

0. 08 + . 02··. of total Ke pone in 
sedi~ent recovered at pH 8.0 + 
0. 06'', 

STANDARD ERROR 0.01 

0.06 + O.OlJ of total Kepone in 
sediment recovered at pH 9.0 + 
0.06' 

STANDARD ERROR 0.005 

0.03 + '· <".. I\ 

0.04 + 0.02~ of total Kepone in 
sediment recovered at pH 6 + 
19. 5·' 

STANDARD ERROR 0.009 

STANDARD ERROR 0.015 
0. 04 + 0. 03 . .' of total Ke pone in 
sedi.r.1ent recovered at pH 7 & 19. 5." 



.. 8.0 0.09 
" " 0.06 
" ,. 0.05 
" " 0.06 0.05 + 0. 02·' of total Kc pone 
" " (0.01 in seaiment recovered at pH 
" " 0.,05 8.0 + 19.5' 
" " 0.04 
'' " 0.06 STANDARD ERROR 0.007 ,, 

" 0.02 -· " " 0.05 

,, 
9.0 0.07 o.os + 0.02· of total Kc pone 

" It 0.05 in seai:nent recovered at pH ft .. 0.03 9 + 19.S,~ .. 

STANDARD ERROR 0.012 
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Ul'TAKl·: OF 1~1·:PONI·: 1-'IH>M :;t1:;1•1<NIH-'.l> :;Ll>lMENTS 
liY OYS'fEH.S, RANC: lA AND ~ACO:tA 

Introduction 

Laboratory studies on the uptake of Kcpone from 

sediments in suspen5ion by bottom-dwelling organis~s were 

~ndertaken by the Virginia Institute of Marine Science at 

Gloucester Point, Virginia on December 1, 1976. The first 

two months were spe.1t in acquisition and preparation of 

laboratory equipment and space for the experiments. 

In the period of time since then, three series of 

laboratory experiments were conducted with three species of 

bivalves. Eight experiments were completed with the oyster 

Crassostrea virginica, five with the clam Rangia cuneata and 

one with the clam Macoma balthica. Most of these experir-:ents 

involved exposure o.E the animals to contaminated sedi~ents 

in suspension. In ·:wo of them, however, the animals were 

placed in a bed of .::ontaminated sediments with uncont&"Tlinated 

river water flowing over them. 

This repo;:t presents the results of three series 

of experiments followed by a discussion. 

Materials and Methods 

Apparatus 

A diagram of the basic arrangement of the apparatus 

used to conduct thc:;a experiments is shown on Figure 1. The 

units labelled A th~ough D were used only during the first 

series of experiments when arnl?icnt river water temperature 

was below 10 C most of the time. York River water was piped 
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into a constantly-o,rerflowing box (A) from which it was 

pum?ed through heat exchangers (C) into a rectangular cas­

cading tr~ugh (D). The latter served to allow bubbles 

created by the escape of dissolved 'lases to dissipate ::.c.:orc 

reaching the animal trays. This s0ction of the systc~ ~as 

not used in the las1: two series of expcrir.:ents when ri·:er 

water temperatures vere above 10 c. Then, York River W<lter 

was piped directly :~nto a rectangular trough (E) which was 

suspended from the c::eiling directly above·the wet table 

that held the experimental trays. Water depth in the trough 

was maintained at 20 cm by a drain standpipe of that height. 

Water to •supply t;.he experimental trays was siphoned 

out of trough E with plastic tubing. In the first series 

of experiments wate:~ flow rates were controlled by inserting 

glass flow:neters (F,1 in the tubing siphons ahead of the 

mixing chambers (I). In the last two series of experiments 

the flowmeters were omitted. Instead, flows were regulated 

by the bore size of the plastic tubing used for siphons. 

This eliminated con:;trictions in the tubing caused by adjust­

able clamps which enhanced flow interruptions due to clogging. 

Siphons were cleaned daily and flow measurements made before 

and after the siphons were cleaned. 

\~atcr from the siphons entered a rectangular mixing 

char:-"bcr made of acr:r-lic pl<1stic (I), 25 cm in length, 16 c;n 

in width and 14 cm in height, through a s~aller cha~ber (2 cm 

long, 3.5 cm wide and 14 cm high). The smaller char.~er was 

connected to the larger one by a circular opening with a 2 cm 
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diameter. Contaminated sediment suspensions also entered 

the mixing chanbcr ~hro~gh the same snall chamber. Stock 

suspensions were kept well mixed in flasks (H) by ~agnetic 
. 

stirrers (J). They were r.1eter·ed into the :ni:dng cha::-.ber at 

a constant rate by peristaltic pumps (G). 

River wat,~r and sediment suspensions we!'.'e ::1i>:ed 

in the mixing chamb~r by magnetic stirrers. Obser·,a~ion 

showed that the mixing was complete before the ~ixture !lowed 

cut of the mixing c:iambcr. Sedimentation in the c:-;ar:J)er 

"1.·as negligible. Th,~ diluted sediment suspensions :lowed into 

the t'..:xperimental tr,:iys (K) through a standpipe located at the 

end opposite to the one through which water and seci~en~s 

· e'.ntered the chamber. The system set up was the sa::-.e for 

trays holding contri::>l animals except for eli::1ination of 

components G and H. 

In expcri..nents with the clam Rariqia cuneata, York 

River water salinit~ was reduced to between 5 and 6°/oo by 

a.ddition of fresh ground water pumped from a shallow \;ell. 

A second rectangular trough (P) was suspended below the one 

receiving York River water (E}. York River water was siphoned 

(Q) from trough E into trough P. Fresh water was also piped 

into a cascading tr~ugh similar to D to eliminate gas bubbles 

generate~ by the change in pressure the ground water was 

subjected to before it flowed into trough P. Water of the 

resulting lower salinity was then siphoned into th~ ~rays 

holding !tangia clams following the same system setup la.belled 

F through Kin Figure l. 
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Figure 2 :,ho•.vs <"l p2.rtial view of the u!)f)a.ca tt.3 

used in the s~rics of exp0rimcnts. 

A system of sediment traps wc:is use:-:~ to i:1surc 

that no contaminate<! sediments from our cx~0ri~cnts escaped 

into the floor drain which emptied into the York River. The 

first component was the wet table on which the experimental 

trays were set (Lin Figure 1). A standpipe about 2 .. 5 cm 

high inserted in th•~ drain hole of the wet table converted 

the table into a sediment trap. A plastic circular tank {SO 

cm high and 30 cm in diameter) received water from the wet 

table through a pipe reaching.close to the bottom. The 

tank overflowed nea:~ its top into a series of three rectangular 

boxes (114 cm long and 25 cm wide), each with a 15 cm high 

standpipe overflow. The third box overflowed into the floor 

drain. The sedirnen·:.s and other excess solids obtained in 

the experiments were~ collected in carboys for disposal. 

Exoerimental Trays 

Tv.Jo types of trays were used to hold experimental 

animals. In most e.<periments, a tr.:iy r:1ade of acrylic plastic 

49 cm long, 26 cm wide, and 8 c~ high, were used. The over­

flow end was 6 cm high and that also was the depth of the 

\t.\lter in the tray. This tray was not co::ipartr:-:cntalized .:i:1d 

the animals laid directly on the botto~ (Figure 3). 

A larger 3crylic plastic tray, 81 cm long, 54 cm 

v,ide and 8 cm deep ·,1as used in the third series of e·xperiments 

to hold oysters whose biodeposits were collected. A baffle 

""'397-. 



at the overflow end of the tray maintained water level at 

a depth of 6.5 cm. These trays were divided into 25 compart­

. ments by plastic strips 2.5 cm high •. Each co:r.partment held 

cne oyster. The compartr.1ents·facilitated separation and 

collecticn of biode.?osi ts. 

~iodeposits 

Biodeposits produced by oysters receiving contaninated 

sediments in suspension in the large trays were collected 

every day with a bulb pipette. The aggregates collected at 

the ~nd cf each wee.<ly period were then analyzed for Kepcne .. 

Every ti~e biodeposits were collected, sediments settling 

out by gravity in tie same tray were also collected and the 

weekly accurnul~tion also analyLcd for Kepone contents. E~ch 

~ay, after biodeposits and sediments had been collected, 

every corr.partment w::1s cleaned of any remaining sediments. 

Animals Buried In Mud 

A modificltion to the manner usually used to expose 

~lnirnals to contamin3ted sediments, i.e., by flowing sedi;nent 

suspcnsicns over th~m, was introduced in the third series 

of experiments. Oysters and Ranqia were buried partially 

and fully, respectively, in beds of contaminated sedirr.ents 

held in the smaller of the trays described above (Figure 4). 

The sedi~ent bed was 4 to 5 cm deep. It was made up of 

unsieved sediments fro~ the same batch used in simultaneous 

experiments with flowing suspended sediments. 
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Oysters were pressed into the sediments at about 

a 30° angle. Up to one-third of their height was below the 

sedi~ent surface level. The valve ~rea over the gills pro­

trud~d atove the sejiment surface. ·Ran~ia were pressed into 

the mud so that almost the whole animal was below the sedi­

ment surface level. Within several hours they hud buried 

themselves fully into the sedimcnt_so that only their siphons 

showed. Water flowing over the ani~ali and the sedi~cnt 

bed had no sedi~ents added to it and was approximately two 

to three cm deep. 

Source of Exocrimcncal Ani~als 

The c1nimals uscJ were obtained from areas to be 

free of KeponeR. R.rngi.:i ,)nd Ifacoma were collected from the 

Rappahannock River ,rnd oysters came from the Piankatank 

Rive:-. All three species were acclimated to the experimental 

temperatures and salinities under flowing-water conditions 

at least one week p;: ior to use. Analysis be fore start of 

each experiment showed them to be free of contamination 

with KeponeR. 

Preparation of Sediment Suspension 

Figure 5 presents a flow·chart outline of the steps 

taken in preparation of K0poncR contan1inatcd sediment suspensions. 

All contaminated scdi~ents were collected with a sediment 

grab sampler at Jordan Point, in the James River at Hopewell 

and represented the top 6 cm of the botto~. They were trans­
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ported to the laboratory in 2 or 3 large plastic bags each 

containing about 2C kg of material. The contents of each 

bag was mixed and transferred to smaller bags in fractions 

of approxi:n.:itcly SCO ml in volume. • The smaller bags we:rc 

stored in a freezer until needed. Only sediments collected 

on the same date were used in any one series of experiments. 

~hen needed, a bag of sediments was thawed, mixed 
... 

with well water and s_h<Jkcn mechanically in flasks for 12 

hours or more. The sediments were then wet-sieved through 

GL 63 u <Jr.d the resulting suspension diluted up. to 7000 r.-:1 

witl~ ·.-.·ell water. This volume was L:ibcllcd .:is stock sL:sp0nsicn 

.::ind giver:. an identification number. It was rnaintai~ed in 

s:uspensic,n by continuous agitation with a magnetic stirrer 

.:.nd b~r. Subscqucn t ly, to ins urc homo gent:~ i ty in dos.::i r;,_ ... , 

it was divided into measured portions by alternately si!)honing 

a s~all volu~e into each of six containers and repeating the 

cycle until ca.ch container had been filled to the desired 

vol u::1e. 

The sampl,:s in two of the containers, with volumes 
• 

cf approximately 40J and 200 ml, were used to determine the 

conccntr:1tion of Ke.?onc in the suspension and the dry wc~ight 

~er unit volu~e of ~he sediments in the suspension, respectively. 

'Ihc suspension in the other four containers, usually with 

volumes of 1200 ~nd 1600 ml, was the material to be introduced 

into the trays holding·cxpcrimental animals. Th~ su~pensions 

in the four containe?rs were diluted in a rz.tio of 1:4 and 

pumped into the mix.Lng chambers. 
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medium .1nj l1i:.;h, m:!an hourly concentrations ranged bet'..J<.!en 

L _ J!.. 0 a :1 d O . 15 3 ppm . 

Me.:m hourly <:one en trat ions for the total du rat ion of 

cxposur,2 (one, two, three or four. weeks) in expcri.rncnts wher~ 

levels ,,..1ere classified as low ranged between 0. 027 and 0. 058 ppb 

(Tables 4 and 5). In experiments where levels were classified 
\ 

as mcdi~~ or high the range of mean hourly concentration was 

between 0.057 and 0.153 ppb. 

Results are presented separately for each of the three 

bivalve species. No data are presented for the Kepone concen­

tration in animal~: examined before the start of each experiment 

or for ,:ontr,Jl anL1:1.1ls because in every case they were under the 

level of dctectabtlity of the analytical procedure. 

F i;; u res- 6 - 8 ~; h .::rw th 2 co :1 c en tr at ion o f Ke pone in o y s t er s 

ex.:i:-:-iined at weekly intervals after exposure to co!'ltaminated 

sediments in suspension in three series of experinents. The 

values in parenth(!Ses give the mean hourly concentration of 

Kcpone in the sedi.r:1ents for the weekly period that btnediately 

preceded rcr.:oval for .:111:1 lys is of that part icul.:ir sn:-nple of oysters. 

Results of the first series of expcrir~ents showed a unifor:n 

pro:;rcssion in thE: conccntr . .1tion of Kcpone in oysters with ti:;:e 

(Fi;urc 6). There~ was indication that .:in .1symototic level had 

been rc.J.chcd after ti .. ·o uL~eks. There also was a clear separation 

ben .. 'i?en the three 1 ines ,;.-:hich represented high, mcdiun and low 

concentr.1tions in sediments. A uniform progression was also 

~dent.in the seC"ond series of experiments although the 
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absolute conccntrtitions attained in oyster r..eats were lower 

than in the first series and there was no indication that an 

asymptotic level had been reacb.cd (Figure 7). In the third 

series there was neither a unifon.!1 progrcssio':'l nor su-;2,estion 

of an asymptotic level. 

The three.sets of lines in Figures 6-8 did not appear 

to share a common pattern. However, they did show that the 

higher concentrati0!1S in oys:er meats were associated with the 

higher concentrations in the sediments a~d vice v2rsa. T .. •• nen 

the values for Kcponc concentration in oyster me:ats in the three 

s2ries of experiments (Tables 1-3) were grouped into three classes 

ac·-:.,1rding co selected co:1centration ranges it tvas found that 

the values for Kepone in sediments also separated into three 

fairly distinguishable groups with different means. Eleven 

scdimf'nt: valu0s associated with concentrations in oyster meats 

between O and 0.10 ?Pm had a :ncan of 0.038 ppb (range: 0.020 -

0. C~18 ppb). Tl.•:e l ve vale.cs for conccnt rat ion in sedime :it assoc i­

atcd with conccntratiuns in oyster meats between 0.101 and 0.199 

had a mE?an of 0.038 ppb (range: 0.023 - 0.088 ppb). Five values 

for sed:~ments associated with co:1centrations in oyster meats of 

0.20 ppn or greater had a mean of 0.095 ppb (range: 0.070 - 0.113 

ppb). 

A plot of conccntr3tion of Kepone in oyster meats as a 

function of conccntratio~1 itr suspended sediments appears in 

Figure 9. Regression analysis sh~wed a correlation between the 

two sets of data (correlation coefficient= 0.781). 

Having obtained :his ~a::rcla.:ion, the values for concentratio; 

in oyster meats were normalized on the basis of a constan~, h:)...1rly 
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conccntr.:ition of Kepone in the sediments. The inean hourly 

~oncc!1tr·at Lo:1 of Kepone in sediments for the -whole duration 

of each ex per ir.1.~n ~ ( approxim'.ltc l y f oar \•1:2c k:::;) •.v.1s chosen as 

the non1alization constant. The computed ~eans appear in Tab!c 4. 

Plots of the normalized ·value's for oyster meat concentrations 

appear in Figure 10 and ll. The marked dips in meat concentra­

tions after two and three weeks of exposure during the thir<l 

ser Les of exper imt:n ts have been eliminated in the nonnal ized 

curves. The normalized curv0~ -,ug~cst that an asymptotic level 

is reacted after the first weak of exp~sure in that series. 

The: curves for the first and second series were slightly 

alt>~red by the co:1versio:1 hut the original trend3 shm.m wzre not 

a??recia.bly changed. ,The curves for the first series still 

indicatE: an asy.nptotic plateau. Curves for the second series, 

11 the ether hand, still show· a trend of increasing co:iccnt rat ion 

in oyst~r meats with time. The high value seen for the third week 

in :he borken line for the first period results from a rela:Lvely 

hig~1 v.ilue in the meats in the original data while the correspond­

ing va.lue in the suspended sediments W3S relatively low (rn2diu::1 

concentration, Table 1). 

There were significant differences i.n the tcmp~::-atuce., .1t 

which the three series of cxp2rimcnts with oysters were conducted 

(Ta~le 6). In the first ser~c3, Yo~k Riv~r w3:cr had to ~2 

heated to raise it to d2sira~le lev2ls. Th2 minim~~ and maxi~~~ 

daily temperatures recorded near the source of our rLver water 

sup?ly for each of the weekly periods included in the experi~ent 

were: 1st week, 3.2-7.6°C; 2nd week, 6.4-10.4°C; 3rd week, 

j.Q-12.8°C; and 4th week, 10.0-12.0°C. Water temperatures in the 
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for each of the weekly periods. 

The second and thi.r·d scr-ics ... of exrcri::1,~~ts were co:1du:ted at 

anbient temperatures. These ranged hvt·.\·c~::-. 18. 3 :1,d 25. l'"'C 

d·-.n-inJ th-2 four weeks of the second series with an average for 

each week in th2 rang2 of 20.9 to 23.5°C (Ta~le 5). DJrin3 

the third series the overall range was 25.0 to 34.0°C with th2 

weekly av0rJJe ra:1~in3 between 26.6 3:,J 29.6°C. 

Dur i. n ~~ the firs t s er i cs o f exp c r i. m ~ n t s , d :i i l y s al in i t i cs 

ra:1Jed b2tween 17.5 a:1d 22.lJ for th2 foJr weeks, and the weekly 

a'.··.:r.J.ge rangc<l fru;n 18.4 to 20.4.·'. (T.:.ijle 6). D . .irin6 th2 se.:01d 

series, the corresponding salinity ranges were 16.2 - 20.3J and 

17 .1-19.4.~. Lil~e~vi.sc, th2 ranges of the corresponding avera;:;es for 

the third series -.,:2re 20.2-23.6' a:id 20.6-23.1'. 

0:1c of the experiments in the third series involved weekly 

arnlysis of Kcponc co'1ccntr"1tio:1 in ::h,2 me.:i~s of oyste~s that h.1<l 

b cc n h c 1 d par t i a 11 y bur i c d in an u n cl i s tu r b ~ J bed o f co :1 t a:n in at c d 

scdim2nts. Yor~ River water flowing over the sediment bed was 

uncont .. ]ni.n .. 1te:.l b; Kcpon~. Th1...~ co:1.:cr-ltt"J.ti.on of Kcp0:10 in th~ 

sediments f o r.:1 ing the be<l averaged 1. 7 7 pp:n in two sa:n? les 

analyzei b2f0rc th0 oysters were introduced (Table 7). A mixed 

sanplc from the sam~ tray analyzed after th2 oysters were removed 

sh-Jw2d :i concentration of 2.89 ppm. A sa:-:-,ple collected from 

the top one C( .. 1 t i::i .• ~er l .:1y2r of th~ tray :l. f tcr the oysters were 

rcmovc•d h.:1d a Kt..-.pone conccntr:1ti.o:1 of 2.2-4 pp:11. 

in two s~~plcs of oysters avcra;ed 0.037 pp~ (Ta~le 7). The 
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c 0 n c (_'\ n t i- a t i on i n o y s l e r 1~H ·al!; de c re :1 :-: c <l gr .'..l <l u a 11 y J u ring th c 

~xt thrc2 ~22ks belo~ the detectability level of the analytical 

techn iq-..12s, i. ~., 0. 02 P?·,n. 

M2a, sizes of oyst0rs used in the three cxperi~cnts appear 

in T~1.!)le 9. They r.1n:;cJ b~t·~c(!n ···1. unj 8 cm in ~eight during the 

first .::ind third series of experiments and between 5 and 6 cm in 

the second serLes. 

0 vs t er Bio ck• n n s i t s 

Oyste~s con~entrated Kepone in their biodeposits to levals 

tho~s.:mcls of times higher than those found in the sus?e=id~d 

sediments (Table 8). Th~ coi1ccntration factors for feces ranged 

fro~ 11,000 to 55,000. In pseudofeces, the ra~g~ was b~tween 

3,000 to 20,000. The concentration in feces was always higher 

than that in p3cudofeces hu: the mc1.6 nituJe of the difference varied 

~nsidcrably between the paired sampled co~pared. 

Concentration o~ Kepo~~ in 5cdi~cnts th3t settled by gravity 

in the tr:iy comp:irtmcnts was usually sli~htly higher than those 

in pseudo :cccs. Ho:vev~r, it was also significantly lower than 

thc:it in feces. 

Fiv2 ~x~cri~l~nts w2rc conducted with the wedge clam Rangia 

cu,-?~~3 j~rinJ the second anJ third series of experiments. In 

four, :ini1~1:lls ·ucrc cxpoS('c.l to cont:1~nin.1tcd scc.lim0nts in su:;p, .. :msion 

and· in n:10 :h2y w~rc buried in a bed of contaminated scdirrcnts. 

Th,! results ;)~ ~a i nc<l L.n· ~h n:.~ ia during the second series 

·of expcri~ents arc almost identical to those ob~ained for oyster~ 

during th~ s3~~ 32=Les (Ta~le 2, Figures 12 and 7). Most of the 

tual values found at any o.1e wc~kly interval were close and the 

line t:rt~nJs .:ire similar. - 409 -



Tlw dntn (01.· ~:~.:2;.-~ in tLe thrid sc·rLc~:; ,)f cx;)c:-i.:-:-:ent,; 

w~rc sonewhat diffe:-e~t from those for oysters (Table 3, Fif~ures 

1 3 and H ) . D i s tr i bu t i o a o f t he w c e !<l y v a l u ,:> ~..; f o ::- ~ ·'1 -.. ~ i r1 rn, ~ .1 t s 

tended t:o remain at approximately the s.::i.:ne lev2l aft~r t~12 first 

wee 1< w it h a s 1 i g ht d i p in th c th i r<l week s Q.11 ~ 1 c s . The o y s t c r 

data showed a greater vertical displace~2nt of the ~ee\ly values. 

The data for both anim3ls showed a fairly distinct se?aratio~ 

betw~en the lines for low and high Kepone co.:1centrations in the 

sediments. 

Rangia buried in undisturbed conta~inated sedice~cs 

accumulated Keponc to low levels (Table 7, Figure 13). Aft0r the 

fir.~t week high of 0.05 ppm there was a ,'!,ra:Jual decrease t,:it:1 

time to 0. 03 ppm after four weeks. RarY:! ia receivin6 lo·..;, co::1:e:1-

trations of Ke?.:)ne in suspension accumulated slightly :::ore Ke?J:'E: 

than those huei.c·d tn th0. scdi.m,~:1ts cv0:1 th;)~1;;h the L:ittcr h.:1J ,1 

Kepone concentration several tho,..1;and tin2s grc3ter (2 P?:n in thi.: 

bed scd:~m:~~ ts vs. 0. 02 to O. 06 ppb in the water col u;::n). 

Water temperatures in the trays holding Ran!ia during the 

second :;eries of experiments were slightly lower th.3.:1 d:Jrin6 the 

third series (Tahle 6). The range during the second series was. 

between 18 and 2,Y)C .:ind durLn.~ th~ th irJ series it \.:J.S between 

20 and 22°C. There was substantially no difference in water 

sal init Les ~L1rin;~ the t\,10 s<.)ries. 

Mean sizes .:incl Ran~ia used in these experiments ap?ear in 

Ta:Jle 10. Ti1cy ranbcd between 4 and 5 cm in height. 

Macorna balthi.ca 

A ·; in,;lc cxp~r ~m,m t WJS c o:duc tcd with the c la."':1 ~L:'lcor:1a 

balthica during tha saco~d series. Tna ~1c0~~ were held in the 
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s.:1mc tr.1y with oysters rcccivin,~ scdim~nts in su.;pc•:'"lsi.o'1 .'.lt a. 

hi:sh co:1::cntr.J.tion of Kcponc. However, they were placed in thl! 

rc~nincd in the tray one week after all the oysters had b2en 

Th~ ?'·1.~-:-o:~::!_ laid directly on the bottom of the tr.:iy and, 

being fairly 3~311 (avera3~ height was between 1.4 and 1.7 cm; 

T.:1ble 11) were in close contact with the conta~inated sediments 

th,~ settled on the tray bottom. S~dim~nts settling to the 

bottom of the experimental trays were removed every two or three 

d:1/S. 

The M3co~~ nccu~ulatcd Ke?one at the fastest rate of the 

thr0e species studied to date. After three weeks the co~centra­

tion was 0.33 ppm (Figure 14). During the fourth week there 

was a slig~t drop to Q.30 ??m. 

~lc:rn w.1.tcr t,.."npcraturcs in the tr.:1ys holding ~bco:-11:1 ranged 

between 21 and 2~°C durinJ th~ fo~r weekly periods (Table 6). 

Me:1.1 \vat er s:1 l in it ics r.1,~~-:d b2tw22n 17 a ,d 2J, ',. 

~1<.").1:1 siz0s of ~'Ll '(1:11.1 used in these experiments appear in 

Tab le 11. Th? y ran~~ed a ro:.rnd l. 5 cm in h2 i.ght. 

Cn:1dLti..0;1 in-J0x. :--1ensurcm2nts of the m2:it quality of s.:imrle:; of 

th2 cxp2r1.:nent;1l .:1,im.1ls s1..hY·J..:?d n0 significant differences bcti·.'ecn 

those ar.al yzcd at the st~1rt of the cxp2rLn,~nts 3;1d tho3c an.:ilr~cd 

after .1ppro:d.r:utcly four t..:ecks in the experimental trays. 

Discu~s i.on 

The biv3lv~s Cra~s0str0~ vlr~inica, R:ingi~ cuneata and 

M~c~n.1 E3lthic~ conc~ntr3tcd Keponc from suspended ·sediments by 

fa~tors ranJin~ between lOJ~ 3nd 3000 over that in t~e water 

column. 
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Th c re '.·Ja s 1 it t l e d i f f <.~ re n ~.- e i. n th c re s ·-1 l t s o '") ::: a L n c d f o r C r a s s -

os trca and 8-~::!.:lia. M;:.!_~_c~na, how-2v2r, acci.1;nulatcd Keponc in greater 

c0nccnt::-nt ions than the o thcr two s pee ics. 

K('pone .fror., suspe:HL,,1. This shou.d t!iat t~1~ two Sfh?.:ies h:1ve 

similar feeding habits. As ~uspe~sion feeders, th2y are rcactin~ 

in a s im i lat"' ma:,n.~r to th2 presence of the sed i:nents in suspension. 

individ~als of the two species were buried partly or fully in a 

.:iccumul :itcJ :~1uch K0po:1c un.J2r those circu:1.:;t,nces. \·:.:::ttc:r flo .. 1 

ov\."\r th2 sediment b2ds wns relatively slmv and the i.·:atcr-scJi~·:-;;it 

in_ .. :·rfa.::e w...1s not distur-bcd. Th2refore, very little of th0 

sed i.ment was re-suspended. Co:1cen t rat io:1s in 1:r1.::: in w2rc s 1 ig:1~ ly 

hi:~hcr th,1n those for oysters and if there is nny .sig.,ifican:c 

bur i 0 d \.J i l h it s s i p ha n c 1 o.; c to th 2 s 2 d i ~:. ~ n t s .1 r face , R 'l 1 · ; La 

h 2 ~ a cc e s s to [; c d i r.1 c n t s not av a i 1 ab l c to o y s t c rs . 

th·~ ~ean hourly concentration of Kepone in susp2:-1d,~d sedir:1ents, 

c\.)~~1p~~cd for · . .;20;dy int~rv .. 11.:-;, an:::l the iTlC'an concentration in 

oyster sa.~plcs cxposcJ to ::hose scdim,·mts during the S3:nc weekly 

p~riod. As illustrated in Figures 6-8, usually the K~pon2 in 

t1112 i.n::crv .... nin~ · . ..,~,~-·!<.. Ti12 validity of such a correlation is further 

r c in 1 or c .__. J ,) / t h -..' s i m i.l a r i t y b c ::. ~.: -.! -2 :1 ~ h ~ p .. 1 t t c r n s o f th.:: cu rv c 

for low and h i~;h sedir:~cnt concentr.:itioas in each of th~ three 
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A '"''2.J.ker correlation (0.614) l.vas also founJ in the d~t.1 

-· r R '1"1.~ ia. Fu1.·th2r ~o l lec t io:1 of data for ~1aco;1'.l ui 11 be 

necess.J.ry before it ca:1 b2 determined if the reL1tio:1ship 

for th3t sp2cies. 

This correlation indic.J.tcs th-at, at th~ temi")craturcs included, 

oysters and ?03Sibly other bivalves such as Rangia and Maco~~ 

depurate them3elv2s of Kepone continuo~sly at the same time that 

they in;;est and accu1r,..1late it. Th~refor~,, in order for the Kepone 

lev~ l t·:> re-:n.'l in at a high lcve 1, the Kc pone concentration in 

suspension will also h~v~ to remain at a correspondingly high 

lev2 l. 

Co 1sequent ly, disturbance of river bottoms conta:ninated ~..; i th 

Kepone ~y ~atural processes or other processes initiated by man, 

which would res'..llt in an increase in ~he susp,2nd2d sedirne:-it load, 

j?Car to be capable of causing a sharp increase in the levels 

of Kepo~c in in1ividu3ls of bivalve populations within reach of the 

in~reased load. o~ th~ other hand, it wo~ld a?pear that such an 

increase in Kcponc in the affcc:tcJ ani1~1als would also dccrc.'.lsc 

sharply o:1ce th2 disturb,1ncc is ten:iin:ited. 

It is difficult to evalu~te with the data obtained to date. 

th\.; inf lucncc of tc:nr2r.J.turc on the uptake and dcpuration of 

Kcponc by oysters a,d R~m,-:;L1. More data are req·..iired to ~stablish 

that. 

Further studies are plan~cd to investigate this relatio~ship 

b2t~0en Kc~o~~ in sediments and in bivalves. The effect of con­

centrations in th~ sedi~0nt3 high~r than those tested so far will 

be considered. The effect of high~r water floNS ca?a~le of 
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c:1'-.1~-dn:; sw;p<..~nsi.on of surL1ce sedinwnts in a bed h:)ldin~; b,iri.(·d 

co:i:luctcd. 

The levels of Kepone flc...,.wing ever ar.ir. .. :1ls in ex:)2ri:-:-::.::-'1:::.1l 

trays h .:. v c b 2 ~ :1 f .:i i r 1 y 1 O"..J - never h i:; h c r th :.m O . 1 5 pp h in the 

w.:iter colu:-ntl - in th0 0xrh~rirrcnts co:1J·.1:-ted so far. ,....., • i 
1n.1s ;1as 

b 2 o .1 d i c t .:1 t c d h y r c s t r i c t i on s i n t h c c :1 r :1 h il i t y o f o ·~Ir s y .s t c· :n 

.:1nd ?2!."'.::0:1:121 to :11.1intaLn lnr:~er ci,.untitic.s of sediments i:1 stoc!z 

suspensions .:nd flo 1.vin~; o·"'~~r the :.111i.'11.--ils :1ro .. r-1d th,~ clock for 

f o;..i r W2(! ks. Ch.:rn'.sc s re qui red to ac h icve h i 6he r s ed ir:12n t co :1:~:e:1 t rJ­

t L c ·: .:; '" . .J i. 11 b 2 i m r 1 c me n t e d in the f o rt h c 0 ming s cries o f c :·: p c r i::: c n t :.i • 

The data indicate that a lev~ling in the concentratio~ of 

Ker~"):ic in oysters and .Rnnr~i<.l occurs nftcr i::h~ first. w~~:< of 

ti,, 71 of re pone in the scd i.mcn ts for the du r.:i t ion of ea.:h exp2r imcn: 

Since no .:nb1..-1l scirnples were analyzed for a period shorter than 

th a i1 o :1 e w cc k . E i th c r way , th is i s an D t he r i n d i ca ~ i o ;1 o f th c 

ef f ic icncy of thcs.2 bivalv12s t1.) d:.·?·Jrate thc'.Tiselves of Kepone 

since it: is evidently a bal.1nce between ur>ta~<e and depuration that 

is rcsfhL,siblc tQr the lcvclin~; off in the curves. 

Analysis of oyster bio:.lej1JSi,.ts indicated that Kep.:>ne is 

conccntr.:1tcd .. in feces to levels '11:1:1y th,)..1;.:1.1d times high2r tha:1 

it is r,rcs:':;t i.n the water column. ThcsL· obscrvatio:is re-em?lu.:;iz•.: 

physico-che~ical ch~ra=teristlcs of sedi~cnts. At tha sa=G t~e 
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DOO ti-::10s th.:1t in the water column, they arc also re-depositing 

hi~h con:entrations of the chemical on the bottom. This re­

dcpos it ion is he i ng done in the f or.n of 1:1a tcrial less 1 ike ly 

to be re ~u~~ fH·ndl•d bee a use of its nature as an aggregate. 

Kcp,:,ne conc0n t rat ion in oyster pseudo feces was not much 

different than that found in sediments that settled by gravity 

onto the tray bottom. Therefore, there ap?~ars to be no indlca­

tion th.:it pseudofcccs contribute to the deposition of Kcpo:1c-rich 

s0dir:;('nt3 any more th~n n.:itur.:11 scdir:-.(:~1t-:1tion t·muld. How(;v~r, 

pseudofeces for~ an aggregate which like feces may also res.ist 

re--=- ',1-:; uc::1s ion to a greater extent than natu-::-.::il l y-sett 1 ing 

sed imcn t .; . 

There is no way to establish to what extent sedi~ents 

)ttling hy gravity in 0xperimcntal·tr~ys arc included in the 

.sa~1plcs of fc-ccs .:ind pseudofcces collected. Ho\vever, the concen­

tr~tions recorded for feces are so much grcate~ than in the 

::1.-1tur.:1l ·,cdin:0nts ~1nd the hulk of the feces was so obviou~ly 

gr .. ~.Jtcr :han the fine blanket of sedir.1ents on the bottom of the 

tray, th.it it c,3n be safely infered that their contribution to 

~he valu(?S r~corded for feces are minimal. 

Li t(•r,1turP Cited 

Ha V C n ' D . s . l 9 ;._) 0 . s C .:ls O r1, 1 l C V C l C O f CO n d it i On ind C X O f O y s t er s 
in :he York :.ind R.:ippc'.lha.nn~ck Rivers. Proc. Nat' l Shellfish 
Assoc. 54: 42-65. 

- 415 -



O y S t Cr S :1 CC u:::u l .:it e Kc p On C in the i r t i ~; Sue S t O 1 CV C l S Up t O 

3000 t ir:-.2 s t h.:1 t in the water co lur:m, they ·are also re-depositing 
\ 

hi~;h con:c·ntr.:1tions of the ch(•'!ilical on the bo:to~. This rc-

dcpositi•.Jn is hci.n~ done in the form of r.:ntcrial less likely 

to he r0~uspenJed bt.:cause of its nc:rture as an ag;rcgate. 

Kep·Jne cone en t rat ion in oyster pseudo f cce s \..ias not much 

different than that found in sediments that settled by gravity 

onto the tray bottom. Therefore, there ap?~ars to be no indLca­

tion that pseudofeces contribute to the depositio~ of Ke?o~e-rich 

sed imont; any more than natural sedimentation \·.7ould. Hov.·cv2r, 

pscudofc•:cs form an aggregate which like feces may also resist 

re- ·. iSpc:1s ion to a greater extent than naturally-settling 

sed imcn t .3 • 

There is no way to establish to what extent sedi~ents 

settlir.; by µ,ravity in cxperi:r.c·,tal tr(1ys :1re included in t:-i.c 

sn~~ples c)f feces and pseudofeces collectbl. HJ1.-.1ever, t'he concen­

trations recorded for feces are so much grcate~ than in the 

:1.1.tural :;edir..ents and the bulk of the feces was so obvio;J_:;ly 

;;re:1tcr ~h:m thL' fi.nc hLmkl't of scdim(·nts on the botto:-:1 of the 

~r..1.y, that it can be safely infcred that their contribution to 

::he valu,~s recorded for f cces are min i~:1 l. 

Li t: l' r :1 t t t n · C Lt t> J 

Haven , D . S . l 9 ·.i O . Sc as o ~, .1 l c y c 1 e o f con di t ion index of o y s t er s 
in ::he York and :{.:1ppa.~annock Rivers. Proc. Nat' l Shellfish 
Assoc. 54: :.2-65. 
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Table 1. Concentration of KcJonc in sediments and in the 
meats of oysters du~ing successive exposure per­
iods in first series of Kepone uptake experiments. 
24 February - 27 March, 1977 

Exoosure 
P~~\riod 

:~o. 
d.1ys 

. 
Sedi8ents (ppb) 
~~K-a_n_g_e~-------H-o~rly 

Mean 

Meats 
f!'·~an 
(ppm) 

Concentration 
Factor 

Low :~ cd ir:-.0n t Con cc nt r:i t ion 

1 
") 

3 
4 

Med i1.:m 

1 
2 
3 
4 

6.9 
l•+. 8 
2 L. S 
29.2 

S :~d ir:11;> n t 

I)•~ 
li~. 8 
2t.8 
2·1. 2 

0.014 - 0.039 1 
0.014 - 0.066 
0.003 - 0.045 
0.015 - 0.046 

Conccntr;1.tion 

0.027 - 0.083 
0.027 - 0.142 
0.006 - 0.091 
0.029 - 0.092 

0.027 
0.037 
0.023 
0.033 

0.057 
0.073 
0.045 
0.067 

0.086 
0 .125 
0.135 
0.113 

0.130 
0. 160 
0 .185 
0.133 

3185 
3289 
5625 
3228 

2281 
2078 
385.:. 
1900 

ht~:,h Scdi~ent Concentr.:1tion 

1 
2 
3 
4 

I). 9 
1 1+. 8 
2 l. 8 
2·1. 2 

0.0~0 - 0.197 
0.05~ - 0.197 
0.008 - 0.133 
0.044 - 0.1.37 

0.082 
0.104 
0.070 
0.098 

0.185 
0.250 
0.210 
0.257 

2256 
229!+ 
2838 
2495 

lshort oeriod of tim~ when no contaDinatcd scdi~cnts 
w2 re b~ in'.~ added to the wa tcr fl m·J in1-; over the .:1n i':'-:1a 1 s 
( i . e . , s e d i D L' 11 t r o 11,: c n t r ~1 t ion = 0 ) .:i r c no t inc 1 u cl e d 
in r.:ingc. 11<.nvcvcr. they were used in computing the 
mean. This include; the final 8-9 hours when animals 
were allowed to flu;h out sediments in their digestive 
tract prior co rcmo"i1al for analysis. 
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T3l>lc 2. ,:nnccntr:1tion of J,ep,:1nc in sedi:::r.•nu; .1n<.l in .:rni:·.:d 
me ~ 1 t s Ju r in 6 s u c c.: C! s s iv (l r? :·:po s u rt~ :·) .. · r i o d [.; i n s c.: c <) :: d 
series of Kepone upt1ke experin~nts. 13 Nay - 1~ 
.June, 1977. 

E>:p:>sure No. 
Period D:iys 

Sed i:ncnts ( pp b) 
Ran_g_e Ho LfrTy 

_Jnean 

Cone C!n t ;:-.::. t ion 
Factor 

Lo·..J Concentration 

Oysters: 

l 
") 

3 
4 

Rangia: _ _...__ 

1 
2 
3 
4 

7.3 
1 ~. 8 
22.0 
29.0 

7.3 
14.8 
22.0 
29.0 

0.024 - 0.()731 

0.024 - 0.053 
0.017 - 0.040 
0.028 0.055 

0.024 - 0.077 
0.024 - 0.057 
0.016 - 0. 0,3 ~ 
0.028 - 0.054 

0.042 
0.035 

·0.026 
0.038 

0.039 
0.034 
0.025 
0.037 

0.039 931 
0.058 1 r ,. ' 

J.. 00 I 

0.064 2 !, ') !. 
-? ..._...., 

0.096 2526 

0.025 6!-tl 
0.050 1453 
0.048 1912 
0.083 2237 

HL::h Concentration 

Oysters: 

1 
2 
3 
4 

Ran~ia: ---
1 
2 
3 
4 

Maco:-:;a: ---
1 
2 
3 
4 

7.2 0. Ost~ - 0.178 0.098 0.09 905 
1-~. 7 0.058 - 0.139 0.086 0.16 1860 
21. 9 0.040 - 0.095 0.063 0.11 1732 
28. 9 0.068 - 0.132 0.093 0.23 2484 

7.2 0.057 - 0.188 0.10:. 0.05 521 
l:.. 7 0.061 - 0.1.\7 0.091 0. 14 1545 
21. 9 0.043 - 0.100 0.067 0.11 1644 
28.9 0.071 - 0.140 0.098 0.22 2254 

7 . 5 0. (Vi8 - (). l j<) 0 . ()[-, () 0. 13 l .. l .. .., 
) . -

l~.7 0.040 - 0.095 0.063 0.19 2 1)(.J 2 
21. 7 0.068 - 0.132 0.093 0.33 35(,4 
29.0 0.095 - 0.131 0. 098 / 0.30 30{) 7 

lshort periods of ti.me when no cont.1~inated scd .cnts 
\,:ere bein~~ added to the \,:atcr flowin:s over the n:-1i.r:als 
(i.e., scdin:cnt conce>ntration = 0 are not included in 
rang c . Ho,,; L'. v er , t ~1 e y we r c us ( · d in co::-:? u t in ,S t :: c :7'.e .1 n . 
This includes the final 8-9 hours ~hen arrivals ~ere 
a 11 owed to f 1 us h Ju t s e d ir.1 c n t s in the i r dig c st iv e tracts 
prior to removal for analysis. 
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Table 3. Concentr.:ition of Keponc in scdir.:ents an<l in the meats 

xposure 
Period 

of o:,stcrs .:ind R~.n..£.i,2 during successive exposure periods 
in third series of Kepone uptake experiments. 8 July -
9 August, 1977. 

No. Sediments (rph) ;-1C3 t S Concentration 
Days Range iiour ly :·1~.'.ln Factor 

... mean (pp::i) 

OW Sediment Concentr3tion 

,ystcrs: 

1 8.0 0.018 - 0.0871 0.047 0.113 2404 
2 15.4 0.012 - 0.058 0. 02 0. 0.067 3350 
3 23. 4 0.007 - 0.0!+1 0.020 0.0!,9 .., 1 :: " 

- '"1..IV 

4 31.0 0.008 - 0.085 0.035 0.067 2030 

~angia: 

1 8.0 0.020 - 0.097 0.058 0.058 lCOQ 
2 15.4 0.014 - 0. 0(J6 0.026 0.063 ~4~3 
3 23.4 0.008 - 0.044 0.024 0.0~1 1703 
4 31.0 0.008 - 0.082 0.041 0.068 1658 

:li.rr, h _ Sediment Con~entration 

JYS tL~S: 

1 8.1 0.0~6 - 0.223 0. 113 0.21 18SS 
2 15.5 0.031 - 0.096 0.043 0.10 2325 
3 23.S 0.019 - 0.078 0.040 0.069 1725 
l+ 31. 0 0.019 - 0.195 0.088 0.16 1818 

Rai:.:_:d :1; 

1 8.1 0.058 - 0.284 0.153 0. 12 7S4 • 
2 15.5 0.039 - 0.1.21 0.065 0.12 1S~:.6 
3 23.5 0.021 - O.OS6 0.053 O.OS5 1604 
4 31. 0 0.023 - 0.230 0.126 0.125 992 

l 

~hart periods of time when no contaminated scciirn~nts were being added to 
the water flowin~ ovf'r the anir..~1ls (i. c., scdirr.cnt concentration = 0) 
are not inc lu<lcJ · in r.:rn.~;(~. llowl.·v<•r, they WL're used in com;-,utin:~ the mean. 
This includes the fin~l 8-9 hJurs when ~nic~ls were allowed to flush 
o:.it scdi~cncs in their digestive tract prior to removal for analysis. 
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1 ab l c 4 • ~~ o rn:; t l i: ~ c. • d v n l l : 1. • s for !~ e pone c o 1H: c n L r :1 t i o n i n 
o y s t 0 rs e =·: r o s c d i n 1 .1. ho r :1 tor y t ray s t o ~; u ~; pc n -
s Lon s n r s t~ d i r:a., n t s c o n t am i n :i t e d w1 i. th Kc· po n c . 
Prc~;entcd .:1~; a function of the ~c:an.hourly 
concentration in sediments for the duration 

E.xpc>sure 
Period 

of each experiment. 

Length 
of 

Exposure 
(days) 

Mean 
hourly 

cone. 
Kf'pone 

for each 
period 
(ppb) 

First series of experiments (24 Feb 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

6.9 
14.8 
21. 8 
29.2 

6.9 
14.8 
21. 8 
29.2 

6.9 
14.8 
21. 8 
29.2 

0.027 
0.037 
0.023 
0.033 

0.057 
0.073 
0.045 
0.067 

0.032 
0. 1 O!+ 
0.070 
0.098 

Second SE·rics of exoerincn ts ( 13 May 

1 
") 

3 
4 

1 
2 
3 
4 

7.3 
14.8 
22.0 
29.0 

7 . :. 
14. 7 
21. 9 
28.9 

0.0~2 
0.035 
0.0~6 
0.038 

0.098 
0.086 
0.063 
0.093 

Mean 
hovrly 

cone. 
Kcpone 

for 
accumulated 
time periods 

(ppb) 

27 March 1977) 

0.027 
0.032 
0.029 
0.0303 

0.057 
0.066 
0.0593 
0.061 

0.082 
0.094 
0.0853 
0.0~0 

11 June 1977) 

0.0~2 
0.0'38 
0.03~3 
O.OJ5 

0.098 
0.092 
O.OS3

3 0.085 
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Actual 
cone. 

Kepone 
in 

oyster
1 me~ts 

(ppm) 

0.087 
0. 12 5 
0.126 
0.113 

0.130 
0. 160 
0.188 
0.133 

0.185 
0.250 
0. 209 
0.257 

0.039 
0.058 
0.06~ 
0.096 

0.090 
0. 160 
0.110 
0.230 

No r.r.a l i:-:1., 
cor.c. 

Kepor.e 
in 

oys tcr,, 
rn2ats~ 

(ppm) 

0. 09' 
0. l(i 
0 .17 
0.10 

0. l ~. ', 
0 .13 I 

0. 25. 
0.12: 

0 ') 
0. 2: 
o. 26':· 
o. 2Jt 

o.or 
0.0.;· 
0. O,· 
o.m:.: 

0.0> 
0 .15· 
0.1~:: 
0.2L 



T.:thlc ,1, (con't.d) 
t·:ormal i.~~e<l v:.ilucs tn oyster r:1(•;1t:; 

EX?OSU::"C Length ~lc;in {'lean Actual Nor;-:-ia 1 i ;~ec 
P0.cioc of hourly hourly cone. C' () :: C • 

E:.::oosure cone. cone. Kcpone Kcpone 
·~days) Kcpo!1c Kcronc in 1. !1 

for each [or oystyr oys u_,~· 
period . ac c u~;1.u l at cd me:1ts meats 

(ppb) time ocriods ( op::i) (ppri'i) 

----- ----- (J~pb) 

11.rd ser:~es of e:92.£rir::.cnts (8 July - 9 Aug. 1977) 

1 3.0 0. O!t 7 0. O!, 7 0 . 1 1 () 0.072 
') 15.4 0.0~0 0.034 0.067 0.10:~ 
•"'\ ') '"'I ' o. o~~ o o o··-9 0.'049 0.076 j .... j. -t • .!. 3 
4 31. 0 0.035 0.031 0.067 o.osj 

1 S.l 0.113 O.llJ 0. =~ l 0 0.133 
') 15.5 O.O~J o.oso 0. 100 0. 16 7 
3 23.5 0.040 0.0663 0.069 0.124 
4 31.0 0.088 0.072 0.160 0 .131 

1 D 1.. • t.: 1 
:-:---. i ;:: ~ J ~rn ~ l y t i c a 11 y 

2 ::or~· . .:i L i::cJ v.:i luc co::-.putcd proport ic,r1al ly 
3 ::c2r\ \'.J.luc rc.Jfcrcncc used in CO:'.':i?Ut ing nornalizcd values in 

oys tc::.·s 

- 421 -



Tab!,~ 5. :-~can hourly conccntr.::ition of Keponc in 
sediment suspensions flowing over Ranci3 
and Macoma during the total duration of 
each period of expos~re in experi~ental 
trays. 

To t .. 1 l 
dur.1tion 

of exposure 
(d.::iys) 

Mean hourly 
concen t r,1 lion 

for c...ich 
Wt":ck ly period 

(ppb) 

Mean hour:1 1 
conccnt r-·1 t io:1 

fo-::- full 
period ( ·)::.t)) 

R,rnqia: ;5econd series of experiments (13 May - 11 June 1977) 

Low sediment concentration 

7.3 
14.8 
22.0 
29.0 

High sediment concentration 

7.2 
14.7 
21. 9 
28.9 

0.039 
o.o~~ 
0.02~ 
0.037 

0.10.1 
0.0')1 
O.C67 
0.093 

0. 0 39 
0.037 
0.033 
0.034 

0.104 
0.097 
0.087 
0.090 

Third series of experiments (8 ~uly - 9 August) 

~ow sediment conccntr~tion 

8.0 
15.4 
23.4 
31. 0 

!iigh sediment concentration 

B. 1 
15.5 
23.5 
31.0 

o.os: 
0.026 
0. 0 2 •! 
0.041 

0. 1::; 3 
0.065 
0.053 
0.126 
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0.058 
0.0.;3 
0.036 
0.037 

0.153 
0.111 
0.091 
0.100 



1'.J.blc 5, Con tinucd 

S:..:ecies _...... __ _ 
~.aco::::1a: 

1'otr:1l 
dur-'"1tion 

of e:-:µosure 
(dzivs) 

:•1(',ln ho.i: 1 y 
con cc n t t- ,1 L icn 

for c ,1c;-, 
weekly p2riod 

(oob) 

:-:1:: i.H'I ll c., u r l '! 
cor.cc:1 t r:.i ::ion 

for full 
ne r iocl ("::Db) 

Second series of ex9criments (8 July - 9 August 1977) 

Hiqh sedi~ent concentration 

7.5 0.086 0.036 
14.7 0.06~ 0.075 
21. 7 0. 0 (~ 1, o ... ~2.1 
29.0 0.098 0.085 

- 423 -



T-:ibl,.: 6. H,mqc..• «.11H1 mc.ian uf w.aler Lempcrature ,ind 
S'1linity in trays holding animals during 
Keponc uptake experiments. 

Weekly 
(£1 Period Temncrature Salinity (o/oo) 

Itange Hean kange Men:: 

1st Series (Feb. 24 - March 27, 1977) 

Qysters: 

1st 14.0 - 20.8 17.2 19.3 - 22.l ~~ 0 .. 
2nd 15.0 - 21. 0 17.7 19.l - 20.6 2 () .. : 
3rd 16.1 - 20.8 18.5 19.1 - 20.1 19. ;· 
4th 14.8 - 19.6 17.0 11:s - 19.2 18.4 

2nd Series (May 13 - June 19, 1977) 

O·vs tcrs: 

1st 18.3 - 25.0 20.9 17.5 - 19.2 18.1 
2nd 21. 3 - 25.0 22.4 16.2 - 17.9 17. l 

. 3rd 22.3 - 25.7 23.5 17.5 - 19.5 18.3 
4th 20.5 - 25.0 21. 5 18.9 - 20.3 19 .4 

Macoma: 

1st 21. 3 - 25.0 22.4 16.2 - 17.9 17. ;_ 
2nc'. 22.3 - 25.7 23.5 17.S - 19.5 18.3 
3rd 20.5 - 25.0 21. 5 18.9 - 20 ... 3 19.4 
4th 20.7 - 25.9 23.7. 19.9 - 20.0 19.9 

Rangia: 

1st 16.6 - 21.2 18.6 0.5 - 7.3 5. 5 
2nd 13. 7 - 20.8 19.5 5.0 - 6.4 5.4 
3rd 19.0 - 22.3 20.4 1.3 - 7.9 5. l 
4th 18.0 - 21.3 19.2 3.2 - 6.4 s.o 

3rd Seri.es (July 8 - August 9, 1977) 

Ovsters: 

1st 26.9 - 3"4. 0 29.6 20.2 - 20.8 20J 
2nd 26~8 - 32.0 29.3 20.9 - 22.l 21. b 

3rd 25.0 - 30.0 26.6 21.9 - 22.9 22. 5 
4th 26.S - 30.9 28.5 22.9 - 23.6 23. l 

Rangia: .1st 20.5 - 24.3 22.9 2.8 - 8.7 5. 
2nd 20.4 - 2!+. 9 22.5 3.9 - 8.8 6. 
3rd 19.0 - 22.0 20.3 4.2 - 6.0 s. 
4th 20.0 23.2 21.4 2.3 - . 6. 8 s. 
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T~bl3 7. Concentration of Kcponc in the meats of 
oysters ilnd Rangia held in control trays 
receiving no contaminated scdi~ents and 

E.:xpo!;u:-e 
Pc r- ~~O.J 

.in test tr~ys partiaily or fully buried 
in unsicvcd scJi~ent~ contnminatcd ~ith 
Kepone. July 8 - August 9, 1977. Means 
in parentheses. 

Cumulative 
No. 
o .. 1vs 

Kcpone Cone. 
in· Anb1als 
Buried in 
Sediments 

(ppn) 

Kepo::e C.::r:.c. 
in Cc:;.:.rol 

Ani:7.e:.ls 

A. Oyst~rs (partially buried in test trays): 

1 

2 

3 

4 

8.5 

15.9 

23.9 ' 

31.6 

Ranqiu (fully buried in mud) 

l 8.5 

2 15.9 

3 23.9 

4 31.6 
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0.034 
0.040 

(0.037) 

0.024 

0.01.; 
0. 0 l ,.1 

(0.016) 

0.014 
~ 0. OU~ 
(~O. 'Jv 7) 

0.067 
0.03S 

(0.051) 

0.053 
0.039 

(O.o,-1G) 

0.029 
O.OJ,:-, 

(O.OJJ) 

0 . 0 3 -. 
0.031 

(0.032) 

:S,0.007 

~o. 009 

~ 0. 00 5 

0.011 

~ 0. 006 

~ o. 003 

.c:::.0.001 -



Table 7 (Continued) 

B. Co:1centration of Kcpone (in ppm) in unsievcd sediments 
used in test trays in which animals were fully or partially 
buri 1;d. 

1. Hixcd sa:7,µles at st.:irt ·--of expcrL:--icnt: 
(Sa~0 scrli~cnts used in both tr~ys) 

0.71 
2.83 

(1.77) 

2. Fr.:;.ctionated and :-:1ixcd sa:~plcs at end of ext=,crir: 0.(;!1t: 

a. Mixed sa~plc from oyster trays 

b. Sample fro~ top 1-cm laJer in 
oyster tray 

c. Mixed sample from R~ngi~ tray 

d. Sa~ple from top 1-cm layer in 
Rangia tray 
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2.89 

2.2~ 

2.12 

0.64 
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E :-: :) ,.:.-, s L: :· e 
Pc~·iod 

T:ll>le 1). ~·~1·.111 l1,•i·.·,l1l (i11 Cl'.l) ,,t c,·;:.lc·1·:; Ill 

di:·:·en·nt ~;.-1::1pll'S ;inalv:~t:d fur !<t.·po:i..· 
d1iri n·; upto.ke l'X\),:ri1\e;1t:;. \i.!t::Ler. o;. 
:111 i~~a ls in ca<..:h sai,~p le ::1;1pc~rs i.n 

in 

p ~ i. n' ! 1 t. h C .;; C S • 

:•!1..' d :. -...:;-:; 
I,.:'["·.J'.~C 

( , .·, '"' ,..._ ,· .. '"-. .. 
in in 

A:-:::--::!!. s 
:'1-.: :.- ~ 2d 

.i. :-l 
:a:.J 

i:_ ... i r .c_ r- :-. • ..., r· ... _· ·.' .s ·"' .- l-: , ••• , • .......... - , • ~ .. - ~ ( ') '· F"' ~ ~o _ .. ,,- .:-,._ -- -..J~ ........... _ ......... l_:::, _...,. t,.;:: 27 }larch 1977) 

l 

3 

1 

2 

3 

4 

(4) t) •. ' 

, '1 ) .... ! ' 

\ ...J I • ,.') 

(.~) 7.7 
(3) 7.1.+ 

(4) 7.'2 
(J) 7.0 

(.~) 7.1 
(3) 7.'2 
(4) 7.8 

( 8) 5 .· 8 

(4) 6.0 
(4) 5.4 

(3) 6.9 
(5) 5.4 

(4~ 5.7 
(.~; 5.1 
(5~ 5.6 

(!i) 7. 2 
(3) 7.1 

( .\) 7. 6 
(3) 7.5 

{!-t) 7.3 
( '_,') -, 1 I • 

(!+) 6. l 
(4) 7.3 
(5) 7.3 

( ·'+ ) :·) • l 
(J) 7.c) 

(~) 7.1 
(3) 7.0 

(4) 6. 7 
(3) 6.6 

(4) 7.8 
(4) 7.8 
(4) 7.!.. 

(B) 5. 7 

(~) 5.6 
(L~) 4.3 

(3) 
(5) 

6.4 
' ..... ..... 0 

(6) 5.1 
(5) 5.5 

Thi.rd St.."'"?:'ies of c·~·:'.'\(•ri: ..... Q~1t~ (8 July - 9 Au~., 1977) 

1 

') 

(3~~L.1 
( 2; . • I 

(3: 7.) 
(3) 7.6 

(J) 7.2 
(2) 7.9 

(J) 7.6 
(3) 7.6 
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(3) 6.6 
(3) 7.2 

(3) 6.1 
(3) 7.4 

r . .::~ :: ·::. 
.'. •"\ : ...... j: 

(~) 
C3 'i .. 

( j) .. 

( 4) 
( ';. ) •. 
'.J 

(4) 
( 4) cl 

( 3) ;, . 

(2) 7 
( 4) 0. 

( 4) t'. 

( /1) I ..,. '-f. 

( 3) , .. , 
(5) 5, ., 

( 4) ; . 

(4) 



:-:pt) ,:e 
Per.;, ... d 

3 

4 

Low 
Kcponc 

cone. 
in 

sedinents 

(3 :, 7.6 
(3) 7.5 

(4) 7.1 
(4" .) 6.8 

Mvdi.um 
Kepone 
cone. 

in 
s ed ir:-.en ts 

Hir~h 
Kcponc 
cone. 

in 
sedt~ents 

( 3') 7. 5 
(3) 7.0 

(3) 7.7 
(4) 6.3 
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Animals 
Buried 

in 
mud 

(3) 6.9 
(3) 7.3 

(4) 7.0 
(3) 7.4 

Cunlnil 
"\ni:-:1als 

(4) 7.7 

(3) 7.7 
(3) 8.2 



T.:ibl(i 10. ~?t•:rn lwi;·,ht ( in cm) of !·~:rn" i:1 in <Ji.ff<·n:nt 
sa:'.~;)lL\S anal.y;~c·d for K(·rhii~(: \~::ri.n'.'., ur·~t.i\c; 

Ex:~·;)su:-c 
pE·riod 

1 

2 

3 

4 

1 

2 

3 

4 

cxpc r i::-:en c :...:; . t-.:l1:11bc r o [ t1n ; .. '.:~ .. -.ls in cac h 
s~~plc appears in parentheses. 

(S) ,., '.) 
~ ... 

( !t) !~. 9 
(!+) 4.9 

(4) 4.7 
(!.) 4. 7 

(8) 4.6 
(8) !._ 7 
(8) 4.8 

(4) 5.()1 

(4) 1..._99 
(L1-) 4.49 

(!+) 5. 00 
(4) 5.1) 

(4) 5.03 
(5) 4.73 

1 T i ,- , ~ .. 
.... ··1"" 

(8 '} 4 .~ .b 

(4) 4.8 
(4) 4. 8 

(!~) 4. 7 
(4) 4.8 

(8) 4.7 
(8) 4. 7 
(8) 4.6 

(2) 5.31 
(3) 4.90 

(l~) 4.88 
(4) 4.92 

(5) 5.02 
( 4) 4. ~)9 

(5) Lt.83 
(6) 4. 79 
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19 J-...:r:2 1977) 

9 Au·;;;. 19i7) 

en !~. ~'\ 5 
(3) J.04 

(!J,)' t .. 92 
(3) 5.02 

(!;,) 5.12 
(4) !;,.96 

(5) 5.00 
(5) 5.24 

I 
-· • (J 

5.D 
!, . s 

( :"' ) !;, • 7 
(I;,) 4. 8 

(8) 4.5 
(7) 4.7 

(5) 5.20 

(6) 4. 74 

(6) 4.98 

(5) 4.83 
(5) 4. 75 



T .·1 lJ l ;) 1 : • : \:· a ! 1 h ed. : ; h t ( L n c :n ) o f ~-L1 c c :~, ;1 i. n <l i f f 0 r c n t 

Ex;10sure 
Pc:.·iod 

.s.1::·.~> lcs .:1naly::L)d for Kt:po-~"iuting uptake 
cxp(~rh::ents. Nurnhl·r of animals in each sarr.plc 
appears in pa~cnthcscs. 

High 
K0p\Jne 
cone. 

i.n 
s ('<.111'.".011 ts 

Control 
Animals 

St·cl·):~d ~eries of cxoeriments (13 May • 19 June 1977) 

1 (15) 1..7 (10) 1.6 
., 

(12) 1. 6 (10) 1.6 -
..... (12) 1.5 (11) 1. 6 ..) 

' (10) 1.4 ( 7) 1.6 <4 
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.\. 

B. 

c. 

D. 

E. 

l."' ... 
G. 

I. 

J. 

K. 

L. 

C(,nsLmtly-ovl'rflowing box providing York River water 
supply to sysc~m. 

Sub::1"' rs i h l"· pump. 

Hi?at exchan~er system. 

C.:iscading trough used to allow escape of gases co:'!'ling out 
of suspi:.!nsion .is result of river water being heated up. 

C:m~t~mt ly-overf lowing overhead trough from which water 
for cxpt:>rirr.~ntal trays was siphoned. 

now rr.eter. 

Pt~ristaltic pump used to meter out sedioent suspension. 

Flask holding sediment susp~nsion. 

Mixing ch.:imbcr receiving simultaneously York. River water 
and sedir.,cnt suspension. 

Ma ~ n 1.-' t i c s t i r re r • 

L:..:p~rii.l1..1 ntal tr,ly holding oysters. 

\, e t t .1 !) le ho l <l i n g c x p e r i m c n t .i l t rays • 

Drain pip~ maintained a water level of about one-inch 
<---.n ,. ... \;'t t~1bl~. This served a~ first component of a series 
of s~di~~nt trays. 

~. ·.~.it\.! r f r<""m WL' t t.1b le over f low'-"d into a st.~rics of three 
o:ih.'r ~l'di~~.·nt tr~1;)s. 

O. Si.phon tt) 1:1i:dnh (:h~1mth.'r of }{.1rwi.:.1 trays. 

P.. C•)nstantly-flowing ov~rhea<l trough from which water of low 
s .. llintiy for '-'=-~pcrir.ll"'ntal tr~1ys wns siplhm~d. 

Q. Siphon us~d to add.riv~r water from Trough E to fresh water 
L1 Tr~y P. 
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2 • Ar ran gem(' n t o f t r a y s , m i x i n L c ii d 111 L, c r s " n <l 
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Introduction 

The general purpose of this research project is to assess 

the effect of synthetic materials, such as pesticides, on the 

water quality and ecology of estuarine systems. The present 

phase of the project is being specifically directed to the ana­

lysis of the Kepone distribution in the James River estuary in 

the vicinity of and downstream from, Hopewell, Virginia. The 

ultimate goal is to provide a quantit~tive framework for evalua­

tion of the time required to reduce the Kepone concentrations to 

acceptable levels. 

Significant concentrations of Kepone are present in various 

phases of the estuarine system of the James River -- in solution, 

in suspension, in the sediment and in the food chain, particu-

larly in various species of fish. The interrelationships, or 

more specifically, the transport, uptake and rel~ase of Kepone, 

as shown in Figure II, are thus affected by both physio-chcmical 

mechanisms, as well as bio-ecological phenomena. The farmer of 

these includes the hydrodynamic transport through the estuarine 

system, adsorption to and desorption from the suspended and bed 

solids, and the settling and resuspension of these solids. The 

latter tncorporates the assimilation and excretion routes 

through the various components of the food chain. Although 

less significant f~~ Kcpon&, t!ansfer to the atmosphere, photo-

'< 
ch~mical oxidation and bi~loticul degradation are potentially 

significant transport and kinetic processes. 
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The Distribution of Kepone on Solids 

Natural clays of various types, and organic material, pos-

sess an adsorptive capacity. The rates of adsorptive reactions 

are being investigated experimentally under controlled labora­

tory conditions in order to provide realistic kinetic coeffi-

cients for the Kepone analysis~ The desorptive characteristics 

of both the inorganic and organic fractions of the suspended 

solids are also being reviewed. This phenomena of adsorption-

desorption is one of the important transfer routes in the ulti-

mat~ transfer of Kepone from the syste~. Based on the Langmuir 

Isotherms, equations have been developed to predict the spatial 

and temporal distributions of Kepone in an advective-dispersive 

estuarine system. However, due to the preliminary nature of 

this work, the less complex, advective, steady state model was 

used for analysis. Equations governing the water column and 

estuarine bed for such a system are as follows: 

1. Water 

Solids 

Dissolved 

Particulate 

2. Bed 

Solids 
c3 K m2 s 

U • + m - K m 2 '1-X o:: 1 U 2 
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Dissolved 

Particulate 

where: 

the subscripts 1 and 2 denote the water column and estuarine 

bed concentrations, respectfully, 

and where: 

U - horizontal velocity 

C - dissolved Kcpone concentration 

x - longitudinal distance 

K - adsorption coefficient 
0 

r - solids adsorptive capacity 
C 

r - Kepone concentration on the solids 

m - solids concentration 

Kd - desorption coefficient 

K~ - bed diffusion c~efficient 

K - aeration coefficient 
a 

P - solids Kepone concentration 

K - solids settling coefficient 
s 

« - the ratiQ Qf bed ~olumJ to wat~r column 

volume 

K - solids scour coefficient 
u 
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[ug/i] 

[meters] 
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[1/day] 

(1/day] 
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[1/day] 



As a first step, this preliminary analysis was simplified 

by various assumptions - subject to verification by the ongoing 

f i e 1 d and 1 ab or a t o r y s tu d i e s • Tl I e f i r s t o f the s e as s ump t i on s -
3ml am2 

solids being in equilibrium i.e.~ and ax = O, appears to be 

a safe assumption for the non-saline portion of the estuary. In 

addition, the bed solids concentration, m2 , was said to be much 

gruater than the suspended so~ids concentration, m
1

; the aera-

tion term, K, was taken to be negligible; and the solids 
a 

adsorptive capacity, r , was assumed to be much greater than 
C 

~ither of the Kepone concentrations on the solids, r
1 

and r
2

• 

Th~ kinetic coefficients - K , Kd' K, and K, were assigned 
0 S U 

fron the limited data available. Finally, for this "first-cut" 

mod~l, the Kepone concentrations on the bed solids, r
2

, were 

assigned from data; these concentrations were in tur~ utilized 

in predicting the Kepone water column concentrations. 

Based on these assignments of coefficients, the longi:udinal 

distribution of total and dissolved Kepone in the water column 

is presented in Figure III along with the State Water Control 

Board 1976 Kepone data. The line of total Kepone concentration 

fits the data quite well and although the dissolved fraction of 

Kepone is high, this concentration is merely a function of 

Kepone kinetic coefficients, K
0 

and Kd - values which were 

obtained from a mi~~mal am@un~ of sketchy data. Further analysis 
.. 

is. presently being performed which will predict both the water 

column and the bed concentrations of Kcpone. 

The above analysis will be further complicated as the 
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saline portion of the estuary is approached. As the lighter 

clay particles which are maintained in suspension in the non­

saline area encounter the saline region of the estuary, floccu­

lation and agglomeration may occur, increasing the size and 

possibly the density of the particles. These factors result in 

further deposition, which is cnhunced by virtue of their occur-

rence in the null zone of the estuary. There are, therefore, 

a variety of significant factors which may account for the accu­

mulation of solids and Kepone in the estuarine bed at the fresh 

water-saline interface. These factors, along with the inability 

to assume solids equilibrium in the saline region, have l~ad to 

~ d~tailed investigation of solid material in the estuary. 

Hydrodynamic Transport 

Since the concentration of suspended solids i~ an important 

factor as an accumulation site for Ke pone, the temporal ar.:.! 

spatial distribution of the solids within the estuarine system 

is a necessary element in the analysis. The distribution is 

determined by the hydraulic transport through the estuarine 

system. A two-dimensional (longitudinal-vertical) analysis has 

been developed, based on the fundamental principles of momentum, 

continuity and state. 
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In this analysis, under steady state, tidally averaged 

conditions, the longitudinal momentum equation for a later­

ally howogencous estuary is: 

1 El?_ a2
u 

O = dX + N 2 
p dZ 

(1) 

where p = density; p = pressure; N = vertical eddy visco5ity; 

and u = horizontal velocity. The coordinates for Lq. a r.e 

shown in Fig. IV in which the longitudinal x-axis is positivi;: 

toward the ocean and the vertical z-axis is positive toward the 

bed of the estuary cliann(~ 1. 

with Eq. 1 arc, 

du 
~ = 0 

Boundary conditions compatible 

at z = -n ( 2) 

at z = h (3) 

in which -n = surface elevation and b = average deptl1; Cd= 

dimensionless friction coefficient; and ub = velocity at tl1e 

beJ. The vt?rtical c,omponcnt of the momentum equation is 

simply the hydrostatic pressure cquution: 

1 a _:!J?.. 
p az = ·-g 
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.In order to solve Eq. 1. the hydrostatic pressure. Eq. 4, 

is expressed in terms of th~ horizontal and vertical distribu-

tion of salinity. The equation of state which specifies the 

density as a function of salinity is given by: 

(5) 

in which pf= the density at zero salt content and a= 0.000757 

(parts per thousan<l)- 1 • The components of the pressure force 

are then evaluated in terms of the observed vertical and longi-

tudinal salinity gradients and freshwater flow, which are 

assumed known from measurement. 

The solution of the above'cquations indicates that local 

rather than boundary conditions control the magnitude and 

gradient of horizontal velocity at a particular location. Be­

cause of local control. the velocity at one location is rcl..1-

tively independent of those at other locations. This condition 

occurs as a result of decoupling the equations of motion and 

salt transport. 

Results of this analysis are presented for Pritchard's June 

1950 survey and Nichols' Marc11 1965 survey of the James River in 

Figure V and VII respectfully. In addition, the solution also 

indicates the depth at which the ·nL·t horizontal velocity is . . . 

zero. Defining this depth nt a number of stations and interpo-

lating for others delineates the plnnc uf no net motion for the 

saline intrusion zone of the estuary, Figures VI and VIII. At 

the tail of the salinity intrusion,· this plane meets the bed of 
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the estuary. Upstream of this area, the horizontal velocity in 

the whole water column is in the seaward direction. 

The estuary is then segmented horizontally and the hori­

zontal flow in the surface layer at each vertical cross section 

is first calculated. Horizontal flow difference between two 

adjacent vertical planes gives the vertical flow between the 

surface and bottom layer, from.which tht...: vertical velocity is 

obtained by dividing by th~ average wi<ltl1 of the segment. This 

procedure. is obviously a solution of the hydraulic continuity. 

The vertical flux of salt due to dispersion between the 

surface and bottom layers is described by the dispersion coeffi­

cit::!nt, £, obtained from the vcrtic,d eddy viscosity through 

an empirical relationship, 

e:: = N(l + R )-l 
i 

~hare Ri (Richardson number) is defined as: 

( d'u°)2 
P a z 

(6) 

(7) 

Equation 6 indicates the relationship between the two coeffi­

cients, whose general validity has been shown by field data, 

JS pr~sented by Of(icer. 

The tidal diffusion and velociti sl1car contributions, which 

can be envisio~ed collectively as a longitudin~l dispersion across 

a vertical section follo~ing the clas~ical one-dimensional estu­

arine analysis, did not exhiLit themselves in the portion of the 
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estuary that our models vere concerned. 

The distribution of salinity was used to test the validity 

of the hydrodynamic model - bottom panels of Figures VI and 

VIII. Based on these validations of the hydrodynamic model, an 

analysis of suspended solids followed by incorporating the set­

tling and scour rates with the hydrodynamic trans.port to deter-

mine the distribution of solids. Settling rates, for the 

present, were assumed constant down the length of the estuary 

and this rate was obtained from the average particle size, using 

a modification of Stokes' Law. Since little work has yet been 

performed on scouring rates in estuaries, these rates were 

assigned merely to show that a good fit can be obtained. Results 

of' this solids modeling, with and without the assigned scouring 

_rates, are presented in Figure IX. 

ASSIMILATION AND DEPURATION OF KEPONE IN THE FOOD CHAIN 

The transfer of Kepone from its initial discharge at ;iope­

well to its accumulation in the fishery stock may occur in a 

number of ways. It may be ingested directly from that whi.ch is 

dissolved or su~pended in tl1e water; it may be assimilated by the 

phytoplankton-zooplankton; and it may be taken in by bottom 

feeders from the material which has settled in the channel bed. 

The predominant sites for settling appear to be downstream from 

Hopewell,. in the r~gion of •the. fresh water-saline interface, and 

in. various dead zones in the fresh on<l sali.ne regions. Expcri-

ments involving assimilation and depuration of Kepone by various 

species are being conducted. The rates of accumulation and 
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excretion, equilibrium conditions and concentrations, lethal 

and chronic - are being analyzed in order to incorporate these 

kinetic factors in a food chain analysis. 

Preliminary analysis has been made in evaluating the assi­

milation and depuration kinetics on variou8 species of fish. 

Data from experimental studies performed at EPA's Culf Breeze 

Laboratory are used to evaluate the relevant coefficients. The 

equation utilized in this analysis - similar to the Langmuir 

kinetic equation for the adsorption to and desorption from sus­

pended solids, is as follows: 

where 

a(rm) = K (r -r)m(t)C - K () ac o c drm ·t 

r - Kepone concentration in the biomass 

m - biomass concentration 

t - time 

K - assimilation coefficient 
0 

r - biomass assimilation c~pacity 
C 

C - dissolved Kcpone concentration 

Kd - depuration coefficient 

{ :. g /g J 

[ g /£] 

[days] 

II/day] 

[i.ig/g] 

[1/dny] 

The only assumpt~pri ·made in ·t:lds analysis was that the biomass 

assimilation capacity, r ,' was taken to be much greater than the 
C 

Kepone concentration in the biomass, r. Results of this an.n:ysis 

for oysters (Crassostrea, virginica) are presented in Figure X. 
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From these results, it.can be shown that the bio-ecological 

phenomena of assimilation and depuration can be modeled utili­

zing Langciuir kinetic~ if <lat~ for the evaluation of the relevant 

coefficients is available. 

CONCLUSION 

The equations present~d in this report appear to·be suffi-

ci~ntly realistic as a first approximation in rcpr~st..:nting the 

various phenomena under consideration. At the present time, tlic 

analysis is being extended to treat the ccologica,l system as a. 

continuum using trophic length as a metric. G i V C n t h e i n r· u t s 

from the sources in the vicinity of Bailey's Bay, the transport 

in the non-saline and saline rt'hions of tlie Jaml!S e!:,tuary and 

the distribution of suspended solids and Kepone, the food chain 

r.10del is being enlarged to include the uptake and excretion of 

Kcpone in the various trophic levels and the predation an~ 

feeding associated with these levels. At this time, the saline 

and non-saline regions of the estuary are being combined into 

one continuous solution. Steady state conditions, which rcpre-

sent average conditions during various seasons of the year, are 

being assumed for these preliminary steps of the analysis. 
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