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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United Stat *s Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re.
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availability of Reference Materials Cited in NRC Publications

Est documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The Superintendent of Documents. U.S. Gusernment Printing Of fice, Post Of fice Box 37082,
Washington, DC 20013 7082

3. The National Technical information Service, Springfield. VA 22161

Although the hsting that follom represents the majority of documents cited in NRC publications
it is not intended to be exhaustive.

Referenced documents ava.lable or inspcetion and copying for a fee from the NRC Pubhc Docu-
ment Room include NRC correspondence and internal NRC memoranda; N RC Office of inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the GPO Sales
Program: formal NRC staff and contractor reports. NRC sponsored confeience proceedings. and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal RegWations, and Nuclear Regulatory Commission issuances.

Documents available from the Nat onal Technical Information Service include NUREG seriesi

reports and technical reports prepared by other federal agenoes and reports prepared by the Atomic
Energy Commission, forerunr er agency to the Nuclear Regutatory Commission.
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state legislation, and congressional reports can usua!!y be obtained f rom these hbraries
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Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Labrary. 7920 Norfoik Avenue. Bethesda. Maryland. and are asa,lable
there for reference use by the pubbC. Codes and 3tandards are usually copyrighted and Thay be
purchased from the orginating organgation or, if they are American National Standards. from the
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ABSTRACT

Aquatic biota (fish, class, algae) and an aquatic emergent vascular plant
' were experimentally exposed to mixtures of radionuclides in three artificial
,

streams for time periods extending up to 86 days. The experimental streams
consisted of industrial water discharged directly into a leaching trench, and the
same water after it had migrated through the ground for a distance of 260
meters. The third stream was river water.

able amounts of gCo and gh the ground, the leach water still contained measur-After migra ng thro
Sr. These were accumulated by all classes of aquatic

to plan grown in a quasi-hydroponic system. This experiment
biota and by togCo and gSr can be transported along with ground water flow andindicated that
are available for biological uptake by aquatic biota.

.
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EXECllTIVE StM4ARY

This study was designed to investigate the comparative accumulation of
radionuclides from contaminated water in artificial ecosystems before and
after the water's passage through the ground.

Plants and animals typically associated with small, flowing freshwater
streams were experimentally exposed to flowing water from three different
sources. Fish, clams, algae', and an emergent vascular plant were
experimentally exposed to mixtures of radionuclides in three aqueous
streams. Two streams consisted of industrial water discharged directly
into a leaching trench, and the same water after it had migrated through
the ground for a distance of 260 meters. The third stream was river water,
which served as a background or control.

Biota exposed to river water in the control stream had very low
concentrations of SOCo, less than 3 pCi per gram dry weight (pCi/g DW).
Other radionuclides were essentially unmeasurable.

The biota exposed to trench water accumulated very high relative
concentrations of 60Co. Aquatic biota exposed to trench water also had

Eu, 14"Ce, 90141Ce,239 zud u12"Sb, 23ePuRu, 106Ru,125Sb 103measurable concentrations of 155
137CS, 95Zr, 95gh, 58Co, ShMn, 59Fe, 65 Zn, Sr. P , and .

60C0 thatAquatic biota exposed to ground water had concentrations of
ranged between 50 and 1200 pCi/g DW. Fish flesh had the lowest concentra-
tion of 60Co and algae the highest. Strontium-90 was measured in the
tissues of aquatic biota at concentrations ranging between 360 pCi/g DW in
clam flesh to 3400 pCi/g DW in leaves and stems of Veronica. In some cases,
90Sr was two times greater in concentration than it was in the biota
exposed to trench water. Tne leaves and fruits of tomato plants rooted in
the ground water accumulated 90Sr at concentrations of 160 pCi in fruits
and 4200 pCi in leaves.

The data indicate that 60Co and 90Sr migrated through the ground along
with ground-water flow and were available to all classes of aquatic biota
and tomato plants rooted in the water via orrt uptake, sorption, and food
chain transfers.

vii
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j INTRODUCTION

One of the most important missing pieces of infonnation concerning the
H environmental behavior of radionuclides associated with shallow land

disposal of low-level radioactive wastes is how well they are transported
i by ground water. Radienuclides can appear in ground water if they are,

discharged into leaching trenches with sufficient water to carry them intoi
?-the saturated zone.

I E
,

Radionuclides moving through the ground can change valence, which in
turn affects their mobility. The valence state and mobility of radio- *

'
'

nuclides in ground water has been studied by Fruchter et al. (1984). A j

logical extension of these hydrogeochemical studies is to detennine whether | I
| radionuclides moving in ground water can be assimilated b; aquatic plants !
C

and animals. Plants rooted in water can obtain radionuclides through their
i

root systems and transport them to leaves and fruits. Aquatic animals
g obtain radionuclides by eating plant materials or other kinds of animals;.

s that have accumulated radionuclides.
T
M The purpose of this investigation was to compare radionuclide uptake
J by similar sets of aquatic biota after exposure to artificial experimental
lilt streams with different kinds and concentrations of radionuclides originat-

ing from industrial processes and discharged to a leaching trench. One set
. of biota was exposed to the contaminated water prior to its entry into the

leaching trench, and a second set was exposed to the same water after it

;i
had passed through about 200 m of soil and emerged as surface springs. A
third set was exposed to noncontaminated water.

This report presents the results of this study.

F
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EXPERIMENTAL EXPOSURE SYSTEMS

The experimental protocol consisted of establishing three pairs of
artificial streams, each pair receiving a different source of water, i.e.,
river, trench, and ground water. The artificial stream system consisted of
(1) a 2000-L head tank, for mixing and providing a constant head for the
regulated flow of test water, and (2) a pair of troughs, 3 m long x 30 cm
wide x 20 cm deep, which channelled the test water and served as flowing
water habitat for biota introduced into the troughs (Figure 1). The
control troughs received river water pumped directly into a head tank.
Outflow from the head tank was adjusted to provide a flow of about 12 L/ min
through the experimental troughs. The troughs with ground water were

i provided with a thermostatically regulated refrigeration system so that the
warmer waters could be adjusted to approximate the ambient river water,

'

temperatures. Temperature control was provided to keep growth conditions
as comparable as possibic among the three different systems. A graphic

,

representation of water temperature regimes is shown in Figure 2. Trench

-

water was diluted with 10 parts river water and mixed before it entered the
:
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FIGURE 1. Photograph of an Experimental Stream System Used to Expose
Aquatic Biota to Water Flows with Different Qadionuclide
Concentrations and Charge Fonts
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experimental troughs.. The dilution diminished the trough water temperature
to near that of river temperature, and it reduced the concentration of
radionuclides in the trough water by a factor of ten. All water sources
were filtered through a 25 p filter to remove waterborne detritus particles
before they entered the head tank.

Testorganismsincluded(1)filamentousgreenalgae(Spirogyrasp.),
which naturally colonized the stones placed in the troughs as attachment
substrates; (2) clams (Corbicula sp.) collected from a nearb
acclimated prior to their introductian into the troughs; (3)y stream andtwo species of
juvenile fish (carp, Cyprinus carpin, and goldfish, Carassius auratus)
obtained connercially and acclimatecf similarly as the clams; (4) an
emergent aquatic plant (Veronica anagallis-aquatica), which was placed near
the outlet end of each trough; and (5) hydroponically grown tomato plants
(Lycocopersicon sp.), rooted in a 95-L barrel that received test water via
a siphon from each trough at the control and the ground water troughs.
Tomatoes were not grown in the trench water.

29 '
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FIGURE 2. Water Temperature Fluctuations in Control, Ground, and Trench
Water Experimental Stream Systems, July to October 1983
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PROCEDURES

tv

The test organisms were introduced to the artificial experimental
streams on July 13, 1983. Two to three times per week temperatures and
flow rates were adjusted, and filters replaced.

Organisms were collected from each pair of streams at the temination 1
'of the study in late September and early October. Veronica and tomatoes

were collected on September 28, 1983, before the onset of a plant-killing
frost; and algae, clams, and fish were collected on October 5. This
procedure resulted in a test exposure of 78 and 86 days, respectively, and
allowed sufficient time for the ~ organisms to reach uptake equilibrium
(Merlini and Bittel 1970; Reed 1971). Tomato roots, foliage, and fruit
were collected separately for radioanalysis, as were the roots and foliage
of Veronica. Clam flesh was separated from the shell.

Samples were dried to constant weight (dry weight, DW) at 50'C, homo-
genized by grinding, and placed for radioanalysis into either 0.1-dram
polyethylene viels, 2-dram polyethylene vials, or plastic containers of
1.3 cm thickness and 5.1 cm diameter, depending on the quantity and
activity levels of the samples. The most radioactive samples, as
detemined by screening with a Geiger-Mueller survey meter, were placed in
the 0.1-dram vials, and the moderate and least radioactive samples were
contained in the 2-dram and 1.3 x 5.1-cm containers, respectively. Radio-
chemical analyses were performed at the Pacific Northwest Laboratory.

The samples were sealed in plastic bags before the counting process.
Gama-emitting radionuclides were identified and counted using two Ge(Li)
gama-ray spectrometers having efficiencies of 16% and 19%. The counting
interval varied from 10 to 30 minutes for the samples with highest activity
to 100 to 1000 minutes for the least radioactive samples. The 0.1-dram ori

2-dram vials containing the highest concentrations of radionuclides were
countedonshelvespositionedatstandarddistancesfromtheGe(Li)
detectors, in order to achieve analyzer dead times of less than 5% to 10%.
All of the geometries and shelf positions were calibrated using sources ,

calibrated by the National Bureau of Stanc:ards (a 125Sb/is2Eu mixture)
prepared in each of the three sample containers.

The gama-ray spectra were deconvoluted using a computer program that
integrated the peak areas of the radionuclides of interest; performed back-
ground, Compton, and decay corrections; and computed the counting error.

Plutonium-238 and -239, 240 were detemined on ashed samples after the
ash was dissolved with acid. The plutonium was separated from interfering
radionuclides by ion exchange chromotography and then deposited on stain-
less steel discs. Isotopes of plutonium were measured by alpha energy
analysis using 236Pu as a procedural tracer.

Strontium-90 was detemined on beta counters after a lengthy series of
chemical dissolutions, precipitation, filtration, and centrifugation.

| Resulting radionuclide measurements were assumed valid if the counting
statistical error was less than 50%.

5
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RESULTS AND DISCUSSION

At least 18 radionuclides were measured in trench water (Fruchter et
al.1984;. however, see Jenne et al.1984). The most abundant were 5*Mn,
95Nb, SOCo, 137Cs, 59Fe and 95Zr. These same radionuclides were also
measured in ground water but at greatly reduced concentrations.

The radionuclides in the trench water were mostly in particulate fann
(Table 1). Notable exceptions were 36Mn, 125Sb, and 187Cs. Cattonic

4

Trench and Ground Water, June 1983(ge Fonns of Radionuclides in
Percentages of Particulate and CharTABLE 1.

a)

Radionuci t do % Partfeulate % Cattonic % Antonte

.......................... Trench Water-- ------------ ---- -----
|

Mn 5.8 94.1 1

Fe 93.9 3.2 2.8

Co 99.1 8 1

Co 41 58.5 1

2n 56.2 43.7 1

$r 5.8 89.1 1

Zr 77.3 6.4 16.1
Nb 51.2 35.5 13.1

Ru 65.1 13.4 20
Ru 59.9 18.5 20

Sb 82.4 6 17.6
$b 12.1 33 87.9

Cs 10.2 89.8 1

Ce 78 13.7 7.8
Ce 77 14.6 7.9

...........................Cround Water------ -------------------

Co 1 49.1 43.3
Co 1 45.7 48.3

.

99.9 1$r --

Ru 1 10.4 86
Ru 1 12.6 82

Sb 1 1 19.8
Sb 1 1 21.5

(a) Data from Fruchter et al. (1984).

7
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charge foms usually dominated the radionuclides; a notable exception was
12sSb. However, anionic foms tended to dominate in the ground water, with
nearly equal proportions of seCo and 60Co in both anionic and the cationic
charge foms. Strontium-90 was mostly present in cationic fom (Table 1).

,

Radionuclides were in extremely low concentrations in river water; 5eCo at
0.0033 pCi/L, ''Sr at 0.14 pCi/L, and 187Cs at 0.029 pCi/L. Global fallout
is the likely source of these radionuclides.

RADIONUCLIOE CONCENTRATIONS IN AQUATIC BIOTA EXPOSED TO TRENCH WATER

As expected, the biota exposed to a continuous flow of diluted trench
water accumulated a mixture of radionuclides in amounts that -eflected
their concentrations in the trench water (Figures 3 and 4. Late 2).
Differences in trophic level were not always consistent for the various
radionuclides, but the most comon pattern was Veronica roots > algae >
Veronica foliage > goldfish > clam flesh > carp. Because caro and goldfish
have similar feeding habits, it was somewhat of a surprise to find a marked
difference in their accumulation of several radionuclides, including 144Ce
and 125Sb. Veronica roots had the greatest concentrations of
radionuclides. The levels of radionuclides accumulated by various
organisms are described as follows:

e Cerium-144 and -141

Cerium-144 was accumulated by all organisms. Levels of accumulation
were roughly comparable for all organisms except Veronica roots, which
had the greatest accumulation. The levels of accumulated 144Ce were
higher than those of 141Ce.

e Antimony-124 and -125

Algae and Veronica roots and foliage accumulated 125Sb and 124Sb, and
goldfish accumuTaTed low levels of 124Sb. No other organism accumu-
lated measurable amounts of either of these radionuclides,

e Ruthenium-103 and -106

Algae and Vemnica foliage accumulated comparable levels of both 103Ru
and 106Ru. Clams accumulated more 106Ru than 103Ru, but the converse
was observed for fish.

1

e Cesium-137 j

Comparable levels of 137Cs were accumulated for all biota except !

Verofdca roots, which had the greatest concentration. This was the
only radionuclide in which bioaccumulation by an organism of higher
trophic level (goldfish) exceeded algal accumulation. 1

e Zirconium-95 and Niobium-95

All organisms accumulated 95Zr and 95Nb. Accumulation of 95Nb by all |
organisms exceeded that of 95Zr by an order of magnitude except for |

8
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TABLE 2. Radionuclide Concentrations (pCi/g DW) in Aquatic Biota After Exposure ' to Cantrol,
Ground, and Trench Water (multiply all trench values by 103)

Aina.(a) Cia. ri sh c.ieff.h Carp v. contes a es v.co.<c. F iia eRadio-
nucifde C CW T C CW T C CW T C GW T C GW T C- GW T

-.

54
-- 7.0 1400Mn - -- 45 -- - 210 0.12 51 6900 0.3 1.7 820- -- --

58
- --Co 88 -- -- 4 22 -- -- 3.9 - -- 550-- --

65-- --

59
-- 49 1400 20 20 61Fe ~310 - -- 61 --- 85 7600 2 -- 830-- --

Co 2.0 1200 2000 2.5 160 91 2.0 130 440 1.6 50 87 1.6 940 11000 1.2 87 1320
65

Zn 36 2.1 -- -- 9.6 2 -- 2
-- -- 14 180 -- C.3 22

-- -- --

90
360 0.66 - 620(c) 0.69(c) 2000 6.2 -- 3400 1.7-- -- -- -

Sr 1300 1.8-- --

95
-- 130Zr 8.5 - -- 22 -- -- 5.5

-- -- -- - -- 770 - - 84

Nb 770 -- -- 58 -- -- 170 7.5 38 -- 45 5100 -- --
-- --

520--y

0 103
Ru 34 -- -- 2.9 -- -- 8.6-- -- -- -- 1.8 50 287 -- 1.1 12.--

Ru 3.5 -- 30 4.7 8.0 2.2 -- -- 0.95 -- 63 90-- -- -- 2.7 13--

124
Sb -- -- 28 1 -- -- 3.3 -- - 1.1-- -- -- -- 140 -- -- 12

125
Sb 24 4.8 1.6 -- -- - -- 1.3 0.6 0.13 -- 46 22

- -- 4.3-- --

I37
1 Cs 8.4 -- -- 4.5 -- -- 12 -- 0.35 5.5 3.9 3 37 0.4-- -- 8.8--

141
Ce 77 -- -- 14 13 - -- 3 -- - 540 -- -- 48

-- - -- --

144
Ce -- -- 135 -- -- 42 31 0.34 6.3 -- -- 1140- -- 95~ -- --

155
Eu 0.6 -- -- -- -- 0.41 -. 80-- 1.3-- -- -- -- -- -- - --

'Pu -- -- 2.1 -- -- 0.09 -- -- 0.03 0.01 0.83 0.12-- - -- -- -- -

#'
-- -- -Pu - 0.02 1.3 0.24 0.54 -- -- 0.21 0.05 5.1 -- --

-- 0.81--

(a) C = control, CW = ground water. T = trench.
(b) -- = unmeasurable.
(c) Analysis of combined goldfish and carp saeples.

|
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algae; algal uptake was about five times higher. Both 95Zr and 95Nb
followed the accumulation pattern of Veronica roots > algae > Veronica
foliage > goldfish > clams > carp.

e Cobalt-60 and -58

The biota accumulated soCo to the highest level of any gama-emitting
radionuclide cresent in the trench water. Patterns of accumulation of
radioactive cobalt were similar, although soCo uptake exceeded seCo
uptake by an order of magnitude,

e Manganese-54, Iron-59, and Zinc-65

Levels of accumulated 54Mn and 59Fe were comparable; trophic-level
patterns were also similar. Trophic-level accumulation of 65Zn was
similar to soCo, 54Mn, and 59Fe, but uptake was two orders of
msgnitude lower for algae and goldfish and one order of magnitude
lower for clams, carp, and Veronica roots and foliage.

e Strontium-90

Veronica roots shosted the highest concentratic,s of SoSr at 6200 pCi/g
DW. Veronica foliage and algae accumulated siinilar but lower levels,
as did clams and fish.

e Plutonium-239 and -240

All biota accumulated 239' 2hoPu, with Veronica roots taking up the
highest level, 5100 pCi/g DW, followed by algae with 1300 pCi/g DW.

e Plutonium-238

Accumulation patterns for 238Pu were similar to those of 239 ' 240Pu,
viz. Veronica root > algae > Veronica foliage > clams > fish,

The accumulation of specific radionuclides by aquatic biota exposed to
diluted trench water was directly related to the concentration of the
radionuclides in the water. It is important to recognize that the radio-
nuclide concentrations reported here are experimentally obtained values and
are unlikely to occur during waste disposal practices.,

RADIONUCLIDE CONCENTRATIONS IN AQUATIC BIOTA EXPOSE 0 TO GROUND WATER

The experimental troughs represent a habitat that is capable of
supporting at least some aquatic biota. Therefore, the radionuclide
concentrations obtained in our experimental streams might be attained in a
real-world situation in which contaminated ground water appears at the
ground surface at some distance from a disposal site and flows across the
ground surface. The various organisms introduced to the experimental
troughs are listed below along with their radionuclide concentrations.

11
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o Al ae - Algae exposed to ground water accumulated 12sSb, 60C0, 54Mn,
an Fe (Table 2). Cobalt-60 concentrations were 3 orders of
magnitude lower in the ground water compared to the trench water.
Both of these values greatly exceeded the 2.3 pCi/g DW accumulated in
the river water. Algae accumulated more 90Sr than soCo, but very low
levels of 239 240 Pu (Table 2). These data indicate that 60C0 and 90Sr
are available for uptake by algae after migrating through the ground
from the disposal trench,

Clams - The concentrations of soCo in clams exposed to ground watero

was 160 pCi/g DW, 600X less than in the trench water (Table 2). The
only other Eama-emitting radionuclides measured in clam flesh were
59Fe and 12 Sb. l.evels of 90Sr measured in clam flesh were the
highest of any radionuclide, 360 pCi/g DW. Concentrations of 23924 Pu were measurable, but in extremely low concentrations (Table 2).

Goldfish - Goldfish exposed to ground water accumulated 130 pCio

"Co/g DW, 3 orders of magnitude less than for goldfish exposed to
goldfishwas{ Table 2).
trench water The only other radionuclide measured in

06 Ru at 8 pCi/g DW.

o Car - Carp exposed to ground water had concentrations of 50 pCi
* o/g DW (Table 2), again 3 orders of magnitude less than for carp

exposedtotrenchwater. Carp also accumulated low concentrations of
14 Ce, 12sSb, 137Cs, and 54Mn (Table 3).

o Fish - Concentrations of 90Sr in combined carp and goldfish exposed to
ground water were nearly identical to those exposed to trench, 620 and
690 pCi/g DW, respectively, (Table 2).

Veronica - Veronica roots exposed to ground water had 940 pCi 60o Co/g
DW. This was about 10,000 times less than for Veronica roots exposed
to trench water. Veronica roots also had measurable concentrations of
12sSb, 103Ru, 106Ru, "Mn, and 6sZn (Table 2). Strontium-90 concentra-
tions in Veronica roots and foliage exceeded those in all other
aquatic organisms (Table 2). However, plutonium concentrations were
nil.

These data indicate that 60Co and 90Sr were available for accumulation by
the different test organisms and were present in biota in concentrations
greatly exceeding those of other radionuclides.

The uptake of 60Co by the different kinds of aquatic organisms was
directly related to the differences in concentration of 60Co in the water
to which they were exposed. The range of concentrations was from roughly
two orders of magnitude
compared to river water) greater for the biota exposed to spring water (asto five or six orders of magnitude greater for
biota exposed to trench water.

12
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In terms of trophic-level coteparisons, the plants--at least those
portions directly exposed to the water (algae and Veronica roots)--accumu-
lated roughly an order of magnitude more 60C0 than did the animals of

' higher trophic levels. The aerial stems and leaves of Veronica accumulated
60Co at about the some concentrations as did the fish and clams.

RADIO'iUCL1DE CONCENTRATIONS IN T0MATO PLANTS EXPOSED TO GROUND AND RIVER
WATER

Tomato seedlings ( LL copersicon sp.) were grown in soil in screen
bottomed garden plots for 2 weeks to allow the plants to establish root
systems. The pots were then suspended one inch above the water level in a
95-L steel barrel. The tomato roots grew downward into the test water,
thus supplying the plants with the water needed to sustain growth and
source of radionuclides. A siphon was used to maintain a steady flow of
stream water in each barrel for 78 days. By the end of sumer, the plants
had flowered and produced fruits.

The data indicate that 90Sr and 60Co were the radionuclides in the
ground water most actively accumulated by tomato plants. Roots generally
had greater concentrations of radionuclides than stems, leaves, and fruits
(Table 3). The stems and leaves had greater concentrations of 90Sr than

TABLE 3. Radionuclide Concentrations (pC1/g DW) in Tissues of Tomato
Plants Rooted in Ground and River Water for 78 Days-

cround Water
Tomato Tomato Tomato

Radlonveg Roots steas and Leaves Fruits

(a) **

4.0 (7.s)(b)- ,,

-- -- --
Ce

0.02sb 250 --

sb 6.0 -- --

0.11Ru 130 --

Ru 440 0.6 --

0.01es -- --

Cs 3.5 0.2 (1.6) 3.3
-- -- --

Zr
-- -- -*

Hb
Co 0.8 0.4 --

Co 870 22 (1.7) --

Mn 6.3 0.25 1.0
Fe 6.0 -- --

0.06Zn 3.3 --

se 1700 4200 160

Pu 0.07 -- --

Pu 0.01 -- --

(a) -- = urmasurable.
(b) values in parentheses are concentr.ttions measured in tomato plants

exposed to river water. Tlie three values for stees and leaves
represent the only radiotuclides that were detected in the tomato
plants grown in river water.

13
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5 did roots, 4200 pCi/g DW as compared to 1700. Fruits had 160 pC1/g OW.
However, roots had greater concentrations of soCo than the stems and
leaves, 870 and 22 pCi/g DW respectively. Cobalt-60 was not detected in=

Cesium-144, I37Cs, and 60 o were the only radionuclidesS tomato fruit. C
E detected in the stems and leaves of tomato plants grown in river water
"

(Table 3). The radionuclide concentrations measured in tomato roots does
b not necessarily mean that the radionuclides were incorporated into the
k plant tissue. Some of the radioactivity may represent external entrapment.
it However, the radionuclide concentrations measured in shoots and fruit
E represents root uptake with transport through stems to leaves and fruit.

CONCENTRATION RATIOS-

e
I At the trench tite, the highest concentration ratios were calculated
L for Veronica roots, followed, generally, by algae and Veronica foliage.

Lowest values were usually in carp and clams. Niobium-95 had the highest"- -

concentration ratio of all radionuclides with a value of 76000 (Table 4).
L
; At the spring seep site concen' ration ratios fluctuated widely among
; different organisms and with differer' radionuclides. Strontium-90 was the
h radionuclide concentrated to the highest level in Veronica foliage
g (Table 4).
m

E IMPLICATIONS FOR ENVIRONMENTAL MONITORING
r.
'

Environmental monitoring programs are routinely conducted to evaluate
- the effectiveness of engineered control systems in keeping anvironmental
;- releases of radionuclides within guidelines. Air, surface water, ground
a water, soil, sediments, and biota, especially those plants and animals
a likely to be eaten as human foods, are systematically collected and
E analyzed for changing concentrations of radionuclides (Till and Meyer
E 1983). The data of this investigation show that the migration of water
I through the ground filters out many kinds of radionuclides. However, some
; radionuclides can move and these are available for accumulation by aquatic
R biota. A measurement of the radionuclide concentration in a flowing water
- system at a single point in time may not be representative of its

concentrations over a 90-day or longer growing season. Biota that live iny

E flowing water act as selective accumulators of radionuclides over extended
5 time periods. The magnitude of radionuclide accumulation by different
L kinds of aquatic biota can be influenced by the stable-element composition
i of the water and the chemical fonn and co.t:t:atration of the radionuclide.
k For these reasons, a radiochemical analysis of water may not always be a
i reliable indicator of biological availability (Kevern 1964; Austin, Klett.

and Kaufman 1967; Till and Meyer 1983).E

?
' The concentration ratios for 60Co in trench water was 7000, 310, 1500,

300, 38000 and 4500 for algae, clams, goldfish, carp, Veronica roots and
Veronica foliage, respectively. This compares with 10000, 1300, 1100, 420,

' 7800 and 730 for the same biote exposed to seep water. The concentration
ratios for 90Sr for algae, clams, fish, Veronica roots, Veronica foliage
were 40, 20, 20, 150 and 40 respectively when exposed to trench water.

_
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TABLE 4. Concentration Ratios (pCi/g DW:pCi/ml water)1'2

Algae ; Clems _ Col dfi sh Carp Veron,fea Roots Veronica Folta2e

LTSpit WVE_R

l'"Ce 2.1 . 0.7 9.49 0.10 18.1 1.5
I4I C6 3.0 ' 4.1 0.50 0.12 20.8 1.8
124Sb 10.h C.4 1.3 0.42 53.9 4.6
103 2.2' O. 2' O.58 0.12 19.1 0.83Ru
134 0.04 1.7 0.250.01Cs ----

" *'C s 0.12- 0.07 0.17 0.08 0.52 0.13
95Zr 3.7 0.25 0.63 0.15 22.0 2.4

Nb 11.5 0.87 2.5 0.57 76.1 7.8
Co 5.1 0.23 1.3 0.23 32.4 3.8

60cc 7.0 0.31 1.5 0.30 38.0 4.5
SD

Mn 8.3 0.26 1.2 0.30 40.6 4.8
59

Fe 5.1 0.22 1.2 0.22 28.2 3.1
652n 5.7 0.33 1.6 0.31 28.5 3.5
90 r 0.04 0.02 0.02* 0.15 0.04--

2 240 0.91 0.14Pu 0.23 0.10 0.04* --

238 10.4 1.5Pu 26 1.1 0. 'e* --

54 0.02 0.28Hn 1.2 ---- --

60
Co 10.0 1.3 1.1 0.42 7.8 0.73

103 0.39 0.008Ru -- -- -- --

106 0.35 0.020.05Ru ---- --

125 0.005 0.36 0.035b 0.18 0.01 --

137 0.06 0.50Cs --- - --

90 21000 36000* 117000 200000Sr --

76000

106
Ru -- -- -- -- --

137 56Cs 50 ---- -- --

95 1300Nb -- ---- -- --

60 250 200 160 160 120Co --

230

1 32 ultiply all va<um by 10 .M
To convert CRs ta vat-. weight basis, divide above values by the following f actors algae 4.7,
eless-5.1, goldif st and carp-3.6, Vereica roots and fo11 age-4.0.

*Cwhined go!df f sh and ca p sample?.

-
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This compares with ratios of 76, 21, 36, 117 and 200 million for the same
biota exposed to-spring seep water. These data indicate that all classes
of biota have a capacity to accumulate saSr from spring seep water.

l

) Concentration ratios for tomatos are shown in Table 5.

TABLE 5. Concentration Ratios'(pCi/g DW:pCi/ml water) for
Tomato leaves and Stems, Roots and Fruits Grown
with Roots Exposed to Spring Seep Water

Leaves and
Radionuclide Roots Stems Fruit

5"Mn 1100 40 -- |

60Co 7300 180 60

103Ru 1000 1--

losRu 2500 4 --

124Sb 300 -- --

12sSb 2000 -- --

90Sr 100000000 247000 9400000

ENVIRONMENTAL CONSIDERATIONS

It is well known that the accumulation of radionuclides by aquatic
organisms is influenced by many factors including the stable element
composition of the water, the concentrations of individual radionuclides,
and the kind of organism (Kevern 1964, Austin 1967). Therefore, the
concentration ratio is a somewhat specious concept, and can fluctuate j

widely over short per1ods of time depending on ambient water concentra-
tions. Nevertheless, concentration ratios are useful in the fonnulation of
radiological dose assessment models (Till and Meyer 1983). Poston and
Klopfer (1986) have recently reviewed the extensive literature pertaining
to radionuclide concentration ratios in fish, For comparison purposes, the
concentration ratios calculated in this study and selected litsrature I

| values from Till and Meyer (1983) are presented in Table 6. These data
indicate that organisms exposed to the spring seep water had higher
concentration ratios than values published in the literature for similar
kinds of aquatic organisms. This suggests that 60Co and 90Sr in the spring

i seep water are readily available for biological uptake after migrating
through the ground.

{
l

I
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TABLE 6. Radionuclide Concentration Ratios

Radionuclide Benthic Algae Clams Carp / Goldfish

54Mn 2300 400 160*

59Fe 4800 9600* 2000*

60Co 800 790 125*

58Co 2300 .1850* 125*

652n 16000* 4100 830*

90Sr 640* 320* 8.2

95Zr 34000* 2.6 -2.6*

106Ru 1600* 1.2 19*

103Ru 1600* 3.6* 19*

124 125Sb 85 100*

134 137 b 1000 220 5600*S

141'144Sb 9800* 9000 125*

._

1 Adapted from Till and Meyer (1983).
* Generic values i.e. , plants, molluscs, fish.

|
i
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