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Abstract· 

PLUTONIUM IN ATLANTIC COASTAL ESTUARIES 
IN THE SOUTHEASTERN UNITED STATES* 

A survey was made to begin to provide baseline information 
on the plutonium distribution of representative estuarine and 
coastal areas of the southeastern United States. Sediments and 
marsh grass (Spartina) were collected and analyzed from three 
locations within a tidal marsh. In three estuaries (Savannah, 
Neuse, and Newport), the suspended particulate matter (1 µm and 
greater) was £iltered from waters with different salinities, 
and the plti'tonium t..:ontent of the p·artic1.1l ates determined. The 
Savannah river estuary, in addition to fallout plutonium, has 
received up to 0.3 Ci of plutonium from the Savannah River Plant 
(SRP) of the U. S. Energy Research and Development Administration. 
The SRP plutonium has a variable isotopic composition that can 
influence plutonium isotopic ratios in the estuarine system. The 
other estuaries do not have nuclear installations upstream. 

* The information contained in this article was developed during 
the course of work under Contract No. AT(07-2)-l with the U. S. 
Energy Re:!earch and Development Admini$tration. · 



Plutonium contents in surface marsh sediment from the . 
Savannah river estuary are lower than those found in nearby bay 
sediments. In fact, total plutonium concentrations of sediments 
showed increases from the upper to lower portions of the estuary; 
however, higher ··contributions of 2 3 8 Pu in the upper portions 
indicate that releases from the Savannah River Plant do contribute 
plutonium to the Savannah river estuary. Plutonium concentrations 
in Spartina were less than 10 fCi*/g dry weight but are higher 
than plutonium contents of terrestrial plants (<l fCi/g) from the 
same latitude. The higher plutonium concentration is attributed 
to surface sorption or attachment of suspended sediments rather 
than to root uptake because no dir.ect correlation was evident by 
comparing the contribution of 238Pu to the total plutonium 
activities in the sediment and the Spartina. Plutonium concen
trations were about three times higher in the Newport river 
estuary than in the Neuse and Savannah river estuaries. 

INTRODUCTION 

With the growth of the nuclear industry in the southeastern 
United States [1], additional infotmation on the distribution and 
movement of plutonium in coastal environments is needed to provide 
a firm basis for making assessments of environmental consequences 
o~ plutonium releases. Extrapolating existing plutoniµm informa
tion. from oceanic.studies .to the southeastern United States 
coastal region would be questionable because: 1) source terms 
are different (the source for oceans is mainly direct fallout, 
but estuaries receive fallout and transport from their water
sheds), 2) coastal areas have higher biological and sedimento
logical activities than oceans, 3) turbulent conditions exist in 
coastal areas, but. quiescent conditions are characteristic of 
oceanic areas, and 4) the salinity of the coastal areas is · 

I reduced because of the large amount of fresh water added from 
streams and runoff. 

Estuaries of the Savannah, Neuse, and Newport rivers and 
one tidal marsh were surveyed to determine the plutonium concen
tration in sediments, biota, and suspended particulate matter. 
The Savannah River estuary (Figure 1) has received effluent for. 
twenty years from the Savannah River Plant, an integrated nuclear 
production facility.of.the U.S. Energy Research and Development 
Administration. This facility is located 256 km inland by river. 
The Savannah estuary hAs also received plutonium from global 
fallout. Plutonium in the Neuse and the Newport river estuaries 
(Figure 2) was received from ~allout only. These latter estuaries 
are located 350 km north of the Savannah River estµary. 

* 1 fCi = 1 £emto curie = 1 x 10- 15 curies. 

- 2 -



#> 
, . 

The three estuaries differ in dimensions, watershed areas, 
pollution levels, salinity, 'and sedimentology. The Savannah 
River estuary is primarily a harbor that is relatively narrow 
(~0.2 km) and maintained at a minimum depth of 11 m. The harbor 
had a tidal range of. 2 .1 to 2. 4 m extending to the freshwater 
zone. The estuary w'ater column is vertically stratified, and the 
area of the river watershed is.27454 km 2

• To maintain the depth 
in the harbor requires practically continual dredging. The 
dredged materials are dumped on adjacent areas"to the north of 
the harbor. The Savannah estuary has been heavily polluted with 
raw sewage and industrial wastes, but these pollutants have been 
reduced considerably recently [2] .. 

The Newport estuary is narrow (0.01 km) and shallow (<l m 
at mean low water), and its watershed is 340 km 2

.' Due to its 
shallowness, the estuary is well mixed by tides (<l m) and wind. 
Thermal or saline stratification rarely occurs in this estuary. 

The Neuse estuary, like the Newport, undergoes a small 
tidal change, but is relatively wide c~s km in places) with a 
maximum depth of 7.5 m and a watershed of 14500 km 2

• It is more 
stratified than the Newport·. Botfr· the Savannah and Neuse river 
watersheds extend into the .piedmont area of the southeast, whereas 
the Newport river drains only the coastal plain. 

Sediment and biota from one marsh area·and suspended partic
ulate matter in the three estuaries were analyzed for plutonium. 
Sediment analyses should indicate the·total plutonium in an 
estuarine area. The plutonium content of particulate matter can 
account for about 80% of the total plutonium concentration of 
water jn some coastal waters [3]. In addition, sampling partic
ulate matter at various salinities in an estuarine system should 
provide some indication of the geochemical behavior of plutonium 
as it moves from a fresh to saline environment. The dominant 
marsh grass Spartina alterniflora was selected as a biological 
inJicator because of it£ prevalence in the ~nastal plain area. 

SOURCES OF PLUTONIUM 

All the estuaries and tidal marshes receive fallout plutonium 
following atmospheric testing of nuclear devices. Plutonium 
reaches the area directly by deposition· or indirectly by river or 
ocean transport. Typical· total ·fallout· for the southeastern 
United States is estimated at 1.5 to 2 mCi/km 2 with' 238 Pu alpha 

* -percentages from 4 to 15% [4]. The Savannah estuary aslo 

* 
238Pu alpha activity. 

x 100 
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receives plutonium (<0.3 Ci/20 yr) from SRP aqueous releases. 
Consideration of this source is essential to the Savannah River 
estuary discussion. 

Two nuclear fuel reprocessing facilities at SRP, located 
2S6 km by river from the ocean, process plutonium of various 
238Pu and 239 - 2 ~ 0 Pu compositions. Until 1971, releases were 
monitored only by gross alpha measurements. Plutonium releases 
were, estimated from the water volumes and gross alpha data by 
assuming the alpha activity was that of plutonium of an assumed 
isotopic composition. The· yearly aqueous releases from both 
reprocessing facilities are shown in Figure 3 [S]. The plutonium 
aqueous releases enter an on-plant ··stream and, inte~rated over 
2q years of operation, the SRP releases of 238 • 239 , ~ 0 Pu to 
surface streams is estimated to be 0.3 Ci. This 0.3 Ci is con
siderably less than the integrated fallout of plutonium on the 
Savannah River watershed of SS Ci but greater than the 0.03 Ci 
for direct fallout on the estuary. The water, after release, is 
subjected to cleanup by the stream (16 km), an on-site swamp, 
and the Savannah River before it reaches the Savannah River 
estuary. 

Plutonium-238 alpha percentages as hi~h as 93% have been 
observed in one on-plant stream [6]. The 38 Pu alpha percentages 
in the Savannah River were approximately 12% above the plant; 
below the plant, the percentages ranged from approximately 12 to 
40%, indicating some contribution from SRP operations. These 
238Pu alpha percentages were only recently determined following 
the completion of a low level plutonium analysis facility at the 
Savannah River Laboratory. 

SAMPLING 

The sampling stations in all three estuaries are shown in 
Figures 1 and 2. 

The tidal marsh samples were collected from the Savannah 
estuary at low water. All marsh sediment and Spartina samples 
were collected at the same location with the exception of a 
recently deposited sediment sample. This sample was collected 
from an old wooden boat that was abandoned on the edge of the 
marsh about six years ago. No Spartina was growing in the boat; 
the boat was within 100 feet of the Spartina that was sampled 
near the mouth of the estuary. 

Samples of suspended particulate matter were collected using 
salinity as a guideline. The salinities at the sampling locations 
ranged from <0.1 to 9.8°/oo, <0.1 to 13.1°/ 00 , and <0.1 to 27.4°/ 00 
in the Neuse,. Newport, and Savannah river estuaries, respectively. The 
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suspended particulate matt.er was collected. in a filter assembly 
consisting of two filters in series,. The iirst £ilter was a 
5-µm polyester. "GAFLO" (Registered trademark of GAF Corporation). 
filter bag. The second- filter was .a-1-µm glass. fiber filter,. 
labeled a."prefilter." The glass fiber "prefilter!l'plugged after 
20 to 80 liters of water were filtered .. Use of the 5-µm filter 
was continued until about 400 liters of water had been filtered. 
Both filters were ashed at 500~C, and the ash weight of the 5-µm 
filter was used as an estimate for suspended particulate matter 
in the 5-µm fraction. 

ANALYTICAL METHODS 

The wet, dry, and ash weights of each sample were determined. 
The ashed sample wa~ leached with hydrochloric acid. The. valence 
of the plutonium in the leach solution was adjusted, extracted 
into triisooctyl amine in toluene, and further purified. An, alpha 
activity source was prepared by electrodepositing the purified 
plutonium on a platinum disk. Alpha counting and alpha pulse 
height analyses·were performed according .:to ·established p;roce-
dures · [7, 8,9]. ·· 

RESULTS 

The results of the plutonium analyses are given in.Tables I 
and II. Table I lists· the. 238

'
239

-
240 Pu concentrations and 238Pu 

alpha percentages i.n the sediments and Spartina; both live and .dead, 
of the Savannah river estuary. Table II summarizes for each 
sampling location in the three estuaries and Beaufort inlet, the 
salinity,· the plutonium concentration, and the concentrations of 
suspended particulate matter. ·Only plutonium-239-240 concen
trations are given, because the ~ 38 Pu counting errors were large 
due to the limited counting time and sample si.ze. 

Savannah River Estuary Marsh 

The concentrations of plutonium in surface marsh sediments 
from the·savannah river estuary generally increased from the 
upper to the lower portions of the Savannah river estuary 

·.·(Table I). 'The 2 3 8Pu alpha percentages in the marsh s.ediment 
samples varied widely (ll to 43%), but sho.wed an ·overall decrease 
from the upper ·'to 'lower porU.0!'1s .of the estuary. The 2 3 8Pu. alpha 
percentages that were higher than fallout percentages (10-20%) 
presumably resulted from SRP·releases to the river system [5]. 
The variation in 238 Pu.alpha percentage results from variations 
in isotopic composition of material :released from SRP and/or the 
marsh area ·deposition dynamics [10,ll]. This combination of 
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events .is indicated as the explanation by comparing the results 
from the near-mouth samples with the recently deposited sample 
(Table I). Plutonium concentrations are about equal in the 
recently deposited and near-mouth sediment even though the 238Pu/ 
238

•
239

,21+ 0 Pu ratios are different. The sediment iii the boat 
would be protected from the continual flux of sediment in the 

· marsh area, whereas the sediment veneer as laid down in the 
Sp(a'tina flat area would be subject to continual deposition and 
removal. 

Sediments in the estuarine marsh area have plutonium contents 
that are similar to those of terre~tr:i,..al samples taken upstream 
(2 to .20 fCi/g dry weight) but are low.er than those of bay 
sediments (34 to 45 fCi/ g dry weight) collected within 10 miles 
of this area. The Savannah River transports considerable amounts 
of suspended solids ('V20.mg/l). Most of these suspended solids 
are eroded soils from upland areas and are deposited as the 
salinity of the water ip.creases. Similarity between the plutonium 
concentrations in the upper estuarine sediments and upland soils 
is anticipated. 

Plutonium concentrations in Spax>tina were less than 10 fCi/g· 
dry weight and varied considerably. Plutonium concentrations in 
similar marine plants have not been reported previously. These 
plutonium concentrations are higher by a factor of 10 than values 
reported for terrestrial plants (<l fCi/g). at this latitude Jl~].. 
If Spax>tina accumulates plutonium in a manner similar to terres
trial plants, i.e. by sorption or deposition on plant surfaces, 
these higher concentrations would b~ expected; on a volume basis 
the plutonium concentration is hi~her in water than in air. No 
correlation was evident when the 38 Pu alpha percentages of the 
Spax>tina were compared with those of the sediments on which it 
was growing. This lack of correlation probably reflects the short 
period of accumulation on the annual Spartina as opposed to the 
integration over time that occurs with sediments as well as 
minimizing the role root uptake has on plutonium translocation 
from root to leaf and stalk. 

Estuarine Particulate Phase Plutonium 
I 
: 

'If plutonium iri estuarine water (Table II) is primarily 
•ssociated (>50%) with particulate matter of 1 µm and larger size, 
then estuarine water concentrations (0.24 to 2.4 fCi/l) are in the 
same concentration range as other surface waters (0.4 to 2.S 
fCi/l) [13,14]. The percentage of plutonium retained by·the 5-µm 
filter' varied from 17 to 87%. of the total amount of plutonium 
retained by both filters (5-µm + 1-µm) and averaged 34%. On a 
plutonium concentration basis (fCi/l of water) the Newport River 
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estuary is higher by a factor of 3, when compared to the other 
two estuaries which were about equal. The Newport River estuary 
might be expected ·to have higher plutonium concentrations, since 
the 5-µm particulate load is roughly twice that of the other two: 
estuaries. · · · 

Figure 4 is a plot of the amount of plutonium 'per gram of· ' 
ashed 5-µm particulate matter against salinity of the water from 
which it was collected. Plutonium concentrations in suspended 
5-µm particulate matter in the Neuse and Newport es.tuaries were 
greater than those in the Savannah estuary by 'Vl.5. Plutonium 
concentrations decreaseq with increasing salinity for the Savannah 
estuary whereas generally the.converse·was true for the Neuse.and 
Newport estuaries up, to .10%0 ;, above 10%0 a decrease was found 
(Figure 4). 

CONCLUSION 

In general, plutonium concentrations in the various environ
mental components of the Savannah ~iver estuary were not higher 
than reported values for other coastal marine areas. The 
increased 238Pu alpha percentage observed in some samples provide 
a unique label for comparative studies of the sources of plutonium. 
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TABLE I. PLUTONIUM CONCENTRATIONS IN SEDIMENT ANO BIOTA IN SAVANNAH RIVER ESTUARY (FIGURE l) MARSH 

Sediment 
'l'ot.111. Pu, 

Depth, fCi/g of 
S(JJTTf)Zing Location cm dry w_eight 

Fresh Water 0-2. 5 4.6 ±0.4 
2. 5-5 3.3 ±1. l 
28-30 0.4 ±0.2 

f.iidway 0-2. 5 s.o ±0.8 
28-30 1. 5 ±0.3 

·Near Mouth 0-2.5 11. l ±1 
0-2.5 9,6 ±1 
28-30 0.1 ±0. l 

Recently Deposited 0-2. 5 13. l ±1 
(within 100 ft of near-mouth samples) 

Bay Sediments ·grab 
(within 10 miles of 
Savannah River 
estuary) 

34 
45 

a. 238 Pu alpha activity x 
100 2381239 •246 Pu alpha activity 

238Pu .. 

alphaa 
:g 

43 ±7 
56 ±31 

12 ±6 
62 ±20 

11 ±2 
13 ±3 

60 ±6 

9 
6 

Live Spartina 
Total Pu, · 23 8Pu, 
fCi/g of alphaa 
dry weight :g 

1.7 ±0.l 30 ±4 

0.7 ±O.l 15 ±3 

9.3 ±0.4 so ±3 

TABLE II. MEASUREMENTS OF 239,2i.OpU IN ESTUARINE PARTICULATE MATTER 

Salinity, Activity in Partic- Concentration of 
S(JJTTf)le Location Parts per ulates ( 5-µm + 1-µm) 5-µm Particulate 

Dead Spartina 

Total Pu, 
fCi/g of 

· dry weight 

4.4 ±0.8 

6.2 ±0.9 

2 ]8Pu.J 

alphaa 
% . 

31 ±12 

11 ± 5 

Portion of Total 5-µm Particulate 
Particulate Activity Activity, 

(See Figs . . l & 2) Thousand fCi/l wate,.a Matter, mg/l water in 5-µmFraction, % fCi/g ash 

Neuse River Estuaryb 

Station 1 <0, l 0,42 ±0.08 2 .s . 30 
2 2.8 0.28 ±0.11 1. 3 23 49 
3 5,4 0.52 ±0. 20 1.9 22 60 
4 8.3 0,45 ±0.06 2. 7 53 89 
5 9.8 0.60 ±0.06 2.9 47 97 

Beaufort Inlet 34 .1 1. 20 ±0.12 12. 7 62 59 

Newport River EstuaryC 

Station 1 <0.1 0.24 ±0.08 0.8 22 66 
2 1.4 1. 83 ±0. 24 8.1 29 66 
3 4. 8 2 .13 ±0. :i1 9.5 35 79 
4 9.R l.~9 ±0.21 3. 9 23 92 
5 13. l 2. 53 ±0.40 9.5 18 4H 

1. 23 ±0,25 5.6 24 52 

Savannah River Estuaryd 

Station 1 <0.1 o. 25 ±0.07 3.0 17 14 
2 1.6 0.47 ±0.10 3.6 31 40 
3 3.1 0.57 ±0.10 3.4 24 40 
4 6.8 0.35 ±0.10 3.5 45 45 
5 14.4 0.64 ±0.13 6.7 30 28 
6 27 .4 0.17 ±0.03 7. 4 87 20 

a. The drinking water standard for plutonium is x 10 6 fCi/l [15). 

b. ,.>.,,.•,,.; ·~',.,",...',...P_u_in_t_h_e_S_-IJ~m~p_a_r.,.t_i c_u_,1_a_t_e_s _____ x 100 
2B, 240Pu in the (1-µm + S-µm) particulates 

c. See Figure 1. 

d. See Figiir~ ~. 
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