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-ABSTRACT

Organic compounds have the capacity to alter the partitioning be-
tween particulate. and soluble phases of certain radionuclides in sedi-
ment-water systems from natural environments. We studied the effects of
a variety of selected organic compounds upon sediment-water distribution
coefficients for fotr radionuclides- 5/Co,106Ru,13/Cs, and 241 m. Nat-

.

A
ural sediment-water samples from lake, river, and estuarine environments
were used in these studies. . The results show that organic compounds can
significantly change the distributions of some radionuclides between wa-
ter and sediment, altnough other environmental factors must be considered
in association with tha organic compounds.

iii

_ _ - - - - --.. -- - ~



I

;

. TABLE OF CONTENTS

Page

ABSTRACT . . . . . . . . . . . . . . . . . . . . . .:. . . . . . . iii
LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . Vii'

.

LIST 0F TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . -ix
-

11.0 INTRODUCTION . . . . ....................

1.1 Background . . . . . . . . . . . . . . . . . ... . . . . I
1.2 Objectives . . . . . . . . . . . . . . . . . . . . . . . 2

2.0 METHODS AND MATERIALS . . . . . . . . . . . . . ... . . . . . 4
,

- 3.0 RESULTS AND DISCUSSION 6......_.............

4.0 CONCLUSIONS AND RECOMMENDATIONS . . . . . . . . . . . . . . . 25

5.0 SUMMARY - EFFECTS OF ORGANIC COMPOUNDS 27. . . . . . . . . . .

6.0 REFERENCES 28..........................

.

V

- , _.. - - _-_, _._-. . . . _ , . . . , - . . - _ . . . , - , _ _ . , , _ . _ , , . _ . . . . ~ _ . , _ , . . . _ _ . _ _ . - . , ~ . . . . . _ , . . . . , _ _.



.

.

u

*

LIST OF- FIGURES

Figure Page

1. Effect of varying EDTA concentration' on'K
241 m . . . . . . . . . . . . .dA 8'values of ... . . . . . . .

,

Effects of arqanic compounds on Kd values =of
2._57 o in Lake Washington systenC 10..............

3. Effects' of organic compounds on Kd values-of
106 u in Lake Washington system . . . . . . . . . . . . . . 11R

~ 4. Effects of organic compounds on Kd values of
137 s in Lake Washington system . . . . . . . . . . . . . . 12C

ects of organic compounds on Kd values of
5. gam in Lake Washington system . . . . . . . . . . . . . . 13

241 m in6. Effect of EDTA on Kd values of A
Hudson River samples 20....................

7. Effpgt of 1,10-phenanthroline on Kd values
of D'Co in Hudson River samples . . . . . . . . . . . . . . 22

.

8. Effpqts of 1-nitroso-2-naphthol. on Kd values
of 3'Co in Hudson River samples . . . . . . . . . . . .- . . 23

vii-

~ . _ _ _ _ _ _ . _ _ . . . _ . _ _ ._ - _ . . . _ . - . - _ . - . - - _ . . . _ . . . _ . . . . . _...



i

i
l

!

l

LIST OF TABLES

Table- Page

1. Sediment-water Kd values for Cattaraugus
| Creek system at two experimental time periods

and two concentrations of EDTA 7...............

i

.2. Sediment-water Kd values for Lake Washington'

system as a function of different organic,

! compounds . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3. Collection data for sediment and water samples
| from the Hudson River . . . . . . . . . . . . . . . . . . . . 15
!

137 s for Hudson River4. Average Kd values of C

stations 16..........................

d values for 106 u for Hudson River5. Average K R

stations 17..........................

d values for 241 m for Hudson Riverj 6. Average K A
stations 18

| ..........................
l

d values for 57 o for Hudson River-
'

7. Average K C

stations 19..........................

8. Summary of effects of 10-4-10-5 M conggntrations

oforgangCs,andcompounds on K241 m .d values of D'Co,106Ru, 1 A 24-..................

|
1

|

| ix
|

._ . . . . . . -. ~ . _ __ _ _ - . _ _ _ _ . _ _ _ _ __ __ , .- _.- .



'

|
,

EFFECTS OF DISSOLVED QRGANIC COMPOUNDS ON THE DISTRIBUTION
5/Co, 106 u, 137 s, AND 241 mR C AC0EFFICIENTS.0F

1.0 INTRODUCTION

In an effort to understand and assess the potential problems of
radionuclides in aquatic ecosystems, numerous studies have been conduct--
ed to describe the environmental distributions of several different 'nu-
clides. A major limitation of these data is that the physical, chemical,
and biological mechanisms actually producing the . observed distributions

. have seldom teen investigated. Such infonnation is essential for suc-
cessfully understanding and predicting the . environmental fates and bio-
logical _ availabilities of radionuclides.

One approach to the problem of defining the behavior of many radio-
nuclides in aquatic systems utilizes the fact that their ultimate distri-
butions and fates can be influenced significantly by associations with
in situ sediments and/or suspended articles (Duursma and Gross 1971).
3iich associations can be quantitatively described by the partition coef-
ficient between sediment and water, the distribution coefficient, K *-d
Distribution coefficients for a given radionuclides may be' influenced by
system variables such.as salinity, temperature, hydrogen ion concentra-
tion (pH), concentration and surface charcteristics of the sediment or
suspended particles and specific = chemical composition of the aqueous
medium. Some of these parameters and their_ possible effects on Kd val-
ues have been considered in other reports in this series. This report
presents information we have obtained to evaluate the effects of organic
compounds on Kd values.

1.1 Background
'

Organic compounds occurring in natural water systems have the poten-
tial to affect the aquatic distribution and fate of radionuclides. Al-
though studies attempting to 1cok at natural organic compound-radionuc!ide
interactions are scarce, a considerable body of.information exists regerd-
ing associations of organic compounds with stable metallic elements.
Chemical . processes governing the interactions with organic compounds
should be similar for both stable elements and radionuclides since they
share common chemical properties. Therefore, background information per-
taining to organo-iaetallic associations is relevant to this report.

*K = quantity (activity) of radionuclide/g of sediment or particles
d quantity (activity) of radionuclide/ml of ambient water

- _ _. _ _ .
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Recent interest in natural organo-metallic interactions is due in
ilarge part to two types of observations: 1) concentrations of certain i

stable elements in natural water systems have been noted to be consider-
ably higher than would be predicted from solubility products of the least
soluble inorganic species of these elements (Presley et al.1972; Sieg ;
1971), and 2) productivity of aquatic biota can be significantly affect-
ed by in situ organic chelating agents (Barber 1973; Gnassia-Barelli'et
al.1976; . Huntsman and Barber 1975; Steeman-Nielsen and Wium-Andersen
1970)..

A number of studies have attempted to isolate and identify the met-
al complexing fractions of organic matter in natural water and sediment
systems. For example, metal complexing capacities have been determined
for 1) different molecular weight fractions of naturally-occurring or-
ganic matter (Means et al.1977; Ramamoorthy and Kushner 1975; Schindler
et al.1972), and 2) isolates of humic acid compounds (Mantoura et al.
1978; Nissenbaum and Swaine 1976; Rashid 1971). A major limitation in
all of these studies is the fact that the exact chemical identity of
these natural organic compounds remains unknown.

An alternative approach taken in a number of atudies to assess thei
'

potential influences of organic compounds on the iquatic behavior of
various metals and/or radionuclides has involved the addition of specif-
ic organic compounds to test systems (Davis and Leckie 1978a and b;
Rashid and Leonard 1973; Vuceta and Morgan 1978). Although the environ-
mental relevance of some of these organic compounds may be questionabl.e,
the data involved do show that organic compounds can have dramatic ef-
fects. For example, certain compounds can either 1) increase the appar-
ent solubility of various elements due to the formation of soluble
organo-metallic complexes, or 2) enhance the tendencies for elements to
associate with available particulate phases. The latter phenomenon can
be explained by the association of the organic compounds in question with
both the metals and the available particulate matter. As emphasized in
these references, the ultimate disposition of a given organo-metallic as-
sociation in a particular sediment-water system will depend upon factors
such as the chemistry of the individual metal (or radionuclide), the con-
centration of other metals and the concentration of other organic and in-
organic complexing agents. In summary, organic compounds have the poten-
tial to significantly affect the environmental distributions and fates
of many radionuclides, but their actual effect will depend upon interac-
tions among other environmental conditions which may be site-specific.

1.2 Objectives i

The general objective for this program is to obtain information for
predicting the fate of radionuclides that may be released from nuclear
power plants or waste storage facilities into aquatic environments.

-. . - . - . - - -. . - - _ _ . . - . _ - - , . . - . -
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'In particular, these ' studies are intended to obtain information on
the accumulation of radionuclides by suspended particulate matter. These'
data udll contribute important parameters for modeling the hydrological
transp' e t of radionuclides 'in marine, estuarine, and ' freshwater environ-
ments. Such models can be used to predict the eventual environmental 1
distributions of radionuclides following a release.

This report will describe the effects of specific organic compounds
241 m inCo,106 u,137 s, andon the distribution coefficients of 57 AR C

freshwater and marine sediment-water systens.

,

O

I



4

i .

.

2.0 METHODS AND MATERIALS

The effects of a variety of organic compounds upon sediment-water-

gCo, gRu,13/ s, and {4LK ) were determined for four- radionuclides--
stri ion coefficient d

-

C Am. The organic compounds tested were acetic
acid, salicylic acid,1-nitroso-2-naphthol,1,10-phenanthroline, EDTA,
glycolic _ acid, and humic acids. The humic acids used in these studies
were purchased from Aldrich Chemical' Company. The above organic compounds
were chosen primarily for the variety-of functional groups available for
interactions with both the radionuclides and the suspended sediment par-
ticles. The latter two compounds, however, may have particular environ-
mental relevance. Glycolic acid is 'a major natural excretory product of
aquatic flora (Hellebust 1974). Humic acids are compounds derived from
organic precursor molecules by biogeochemical processes which normally
constitute an important fraction of the organic matter found in natural
aquatic systems (Head 1976; Khaylov 1968; Nissenbaum and Kaplan 1972).

Sediments and water samples used in these experiments were obtained
from three locations--Lake Washington (freshwater), the mouth of Catta-
raugus Creek entering Lake Erie (freshwater), and three stations in the
Hudson River (estuarine). All water used in the experiments was filter-
sterilized by passage through 0.22 um Nucleopore polycarbonate membrane
filters or 0.30 um Millipore membrane filters. Sedime .ts which passed
through a 0.063 m geological sieve, less than 63 um size fraction, were
used for the experiments.

Adsorption Kd values were determined using a constant shaking tech-
nique similar to that of Duursma and Bosch (1970) and Murray and Murray
(1973). Briefly, the methol was the following:

1) Measured quantities of the radionuclides, a stock sediment suspen-
sion and a stock organic compound solution were added to a known
volume of the appropriate water sample. The pH values of the re-

! sulting solutions were then readjusted to the initial values of the
natural water samples with Na0H and/or hcl. The resulting radionu-
clide concentrations in all experiments were between 2-46 x 10-11I

l C1/ml solution for each radionuclide. Sediment concentrations were
either 40 mg/l or 200 mg/1.

2) The experimental sediment-water solution was shaken at 200 rpm in a
constant temperature (4-8'C) room.

3) Subsamples were collected at designated time intervals during an ex-
;- periment and filtered to obtain separate particulate and dissolved
; radionuclide fractions.

Measurements of pH were made at each sampling time. The concentra-
tions of radionuclide on the filter and in the filtrate were subsequently

measured with a Ge(Li) detector and Kd values calculated.

i

,

- - - - - r , , ,n , , , - ~ - , - -, , -, -m.,
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To minimize the effect of unwanted microorganisms upon experimental
results several sterilization methods were employed. As _already men- -
tioned, all water was initially filter-sterilized. In studies using Lake
Washington and Cattaraugus Creek sediments and waters all experimental
reaction vessels were either autoclaved or rinsed with 95% ethanol. .
Sediments from Lake Washingt9n were also subjected to a dose of'106 rads
of gamma radiation from the o0Co food irradiator at the College of Fish-
eries. In experiments using Hudson River sediments' and water, all reac-
tion vessels received additions of 0.1% (w/v) of sodium azide to inhibit
any microbial populations.

7

G
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3.0. RESULTS AND DISCUSSION
;

' Three separate experiments were performed 'and will be discussed-
~

below.

.

The first experiment examined the effect of EDTA on adsorption for,-

sediments and water samples from Cattaraugus Creek,.New' York. The sedi-

mentconcentratiggRu,137s,/1.
was 40 mg Tha distribution coefficicats for three-

241 m were determined for varying con-radionuclides-.lu C and A
centrations of EDTA (10-4 to 10-10 g). and for a control containing no
EDTA. Triplicate reaction vessels were run at the EDTA concentratio s
of 10-6 M and 10-10 M. Samples were collected at five , time periods e-
tween 4 hours and 480 hours following the start of the experiment.z- For
this system it appeared that Kd values for. all three radionuclides

,

achieved relatively stable values in a short time. This is shoc -in>

Table I where Kd values are summarized for all three radionuclides for .
the first.and last sampling times. The data in the table imply that ne
significant differences existed between Kd values at the two time peri .
ods for av of the radionuclides at either concentration' of EDTA (student
"t" test, a= 0.05). To evaluate the effect of EDTA, Kd values were
calculated for each radionuclide over the range of EDTA concentrations.

106 b or 137 s for avThere were no apparent differences ,in Kd values of R C
concentration used in these experiments. However, for 241 m a markedA

i decreasg in the Kd value occurred between EDTA concentrations of 10-4 M 4

| and 10-0 M. This trend is illustrated in Fig.1, which plots Kd values
241 m against EDTA concentrations for sediment-water systems fromof A

Cattaraugus Creek.
,

4 The second experiment used sediments and water from Lake Washington
with a sediment concentration of 40 mg/1. The effects of five organic,

compounds (acetic acid, salicylic acid, 1-nitroso-2-naphthol,-1,10-+

ohenanthrgline, and EDTA) upon Kd values for four radionuclides (57 o,C

241 m) were detennir.ad. ' An experimental concentration106 u, 13/Cs, and AR

of 10-4 M was used fpr all organic compounds except 1-nitroso-2-naphthol
which was run at 10-3 M because of its low solubility. A control con-4

taining no organic addition was also included. For the purpose of sta-
~ tistical analyses, triplicate experiments were run for each organic com-

pound tested. To estimate sampling variability within a single experi-
!. mental container three different samples were withdrawn from each of the
; three EDTA sample bottles ced analyzed separately. All samples for
i radioactivity measurements were collected after 165 hr of shaking. The
! pH values in this experiment ranged from 7.05-7.55 at the beginning and
i from 7.9-9.1 at the end of the experiment with no apparent correlation

between the different organic compounds and the change in pH values.--
I

uate the effects of variousThe results of this experiment to eyggRu,13/Cs, and57 o, lu 2*l m are sum--Aorganic compounds on Kd values of Ci

i marized in Table 2 and in Figs. 2-5. For EDTA, the individual values in
Table 2 represent only the means of triplicate measurements on individual
sample bottles. In Figs. 2-5, however, the EDTA values are presented as

;.
,

d

.

_ _ . _ _ _ _ _ _ _ . = _ _ _ _ . _ . _ . _ . . . _ _ . _ _ . . _ . . ~ . _ . _ .,... _ . _ ._ _ _ .--
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Table 1. Sediment-water K . values for Cattauraugus Creek system at two different
d

time periods and two concentrations of EDTA. ;

Kd ("II9)
-6 -10

10 M EDTA 10 M EDTA

Am(10" ) Ru(x10-) Cs(x10-3)-106 37
Ru(x10-) Cs(x10-3)

241137
Am(x10-5)

106 ,

Time.

|
(hr) n i s i .s. i. s .n i s' -i' s i s

| 4 3 5.9 2.8 1.6 0.4 1.4 0.1 3 11.3 12.0 3.2 1.0 1.8. 0.4

480 3 '11.2 4.9 1.2 0.3 1.9 0.8 3 30.7 20.5 2.2 1.6 2.4 2.1
-

| n = nunber-of measurements .y

1( = mean
s = one' standard deviation unit

4

I
,

i

I

i

|

_ - _ _ _ _ - _ _- _ _ _ - _ _ _ _ _ - _ . _ _ _ . - - - - _ . _ . _____=-_--_-__-____-_-__:_-_-___ _ - _ - - _ _ _ . _ _ _ _ - - _ _ _ - . -
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241 Am --- Cattauraugus Creek (N.Y.) Sediments

:
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241Effect of varying values of g,Fig. 1.
Values at 0 H,10 gDTA concentration on Kg, gnd 10'4 M EDTA are Kingle point measure-
ments. Values at 10-iG and 10-6 M EDTA are the mean + one
standard deviation unit for tripliccte sample measureiiients.
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organic compoundI.ealues for Lake Washington systen as a function of differentSediment-water K eTabla 2.
Triplicate samples'done for each organic compound (except

aceticacid).

K
dOrga c co oun a ded

Ru(x10~4)* 137Cs(x10-2)Am(x10~4)* 57Co(x10"#)* 106241

None(i.e., control) 3.11 0.31 1.54- 3.81
1.78 0.36- 0.83 :3.36
1.96 0.30' O.90 5.28

i + s** 2.28 + 0.71 0.32 + 0.03 1.09 + 0.39 4.15 + 1.00

1-nitroso-2-naphthol 11.24 54.41' 3.79 5.83
(10-5 M) 6.07 1 8.31 1.99 4.71

i i s** 7.76 01 35. 18.07 2.61 03. 5.04 69

1,10-phenanthroline 23.64 20.19 3.76 3.58
(10-4 11) 28.10 12.14 3.81 2.81

24.17 18.10 3.76 3.26
i + s** 25.30 + 2.44 16.81 + A.18 3.78 + 0.03 3.22 + 0.39

3.88 0.42 1.70 2.15Aceticacjd
(10- M) 7.32 0.48 2.89 3.24

i i s** 5.60 1 2.43 'O.44 1 0.04 2.30 1 0.84 2.70 1 0.77

Salicylic acid 3.87 0.38 1.72 3.17
(10-4 M) 3.13 0.26 1.20 4.39

1.82 0.26 0.76- 3.76
i + s~** 2.94 + 1.04 0.30 + 0.07 1.23'+ 0.48 3.77.+ 0.61

EDTA (10-4 M) 0.05 0.02 4.04 3.34
0.04 0.00 2.97 2.78
0.04 0.01 3.35 4.29

i + s** 0.05 + 0.01 0.01 + 0.01 3.45 + 0.54 3.47 + 0.75
|-

* significant differences between groups at a = 0.05 level _ by Kruskal-Wallis statistical
test.

** i and s correspond to the mean and one standard deviation unit, respectively, for the.
triplicate values listed.

i

u_______________________________________.__ _ _ _ _ _ . - _ __ _ _ _'
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106Ru --- Lake Washington Sediments
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means + one standard deviation unit for each of the three sample bottles_

(i.e., EDTA-1, EDTA-2, and EDTA-3).
|

The data in Table 2 were analyzed using Kruskal-Wallis statistical
tests (Sokal and Rohlf 1969) to determine if Kd values for the organic com-
pounds and the controls were significantly different. Statistically sig-

2{Lm,57icant differences (a = 0.05 level)3/Cs.
were obtained for the Kd yglues of |

n

A C0, and 100Ru, but not for 1 For both 241 m and D'Co, val-A '

ues of Kd relative to the controls were higher with 1-nitroso-2-naphthol, |

1,10-phenanthroline and, possibly acetic acid, whereas much lower values
were observed with EDTA. For 100Ru l-nitroso-2-naphthol, 1,10-phenan-
throline, acetic acid, and EDTA all appeared to produce higher Kd values.

Variability among experimental containers and sampling variability

within a single container can be evaluated by p0gRu, IJ7b ervipg the resulgs forEDTA-1, EDTA-2, and EDTA-3 in Figs. 2-5. For Cs, and 2 1Am
there is excellent agreement for the different containers. Similarly,
the variation among replicate samples from the same container is very
small indicating that routine sampling is unlikely to introduce any sig-
nificant errors.

For 57Co there is considerable variation among the different con-
tainers; the highest and lowest mean values differ by a factor of approxi-
mately five (Fig. 2). However, there is also a signif ant amount of
sampling variation as indicated by the error bars fqr gCo in the EDTA
containers. Although the source of variation for SiCo is not known, it
may result from ad:orption onto tgg filters (Schell et al.1979). Since
the concentration of particulate 'Co is quite low, sorption onto the
filters could introduce significant errors into the Kd calculations.
There may also be differences among the containers because in freshwater

| cobalt precipitates as a carbonate solid around pH = 9.0. Therefore, in

| some containers precipitates may be retained on the filters and assumed
to be adsorbed n the sediments. Although there is significant sampling
variation for 5gCo, the range of responses is accounted for by conduct-
ing triplicate experiments.

The third experiment used sediments and water from three stations
in the Hudson River. Information regarding these sediments and water is
summarized in Table 3. The sediment concentration was 200 mg/l and the
effects of five organic compounds (1-nitroso-2-naphthol, 1,10-phenanthro-
line, EDTA glycolic a::id

and humik1 m) we)re determined.d values of four radio-
acids on K

nuclidgs ($7Co, 10bRu,137Cs, and 2 A Concentrations
of 10-3 M were used for the first four of these organic compounds while
the humic acid concentration was 10.8 mg/1. For each of the river sta-
tions experiments included a control with no organic addition and single
reaction vessels for each organic compound. Samples were collected at
four times following the start of the experiment (21 hr, 44 hr, 92 hr,
and 165 hr). During the course of the experiment no change was observed
in the pH of the solution in any experimental reaction vessel.

:

|

. - . - . . . . - . -,_ - - -. . -- - - . - - . - - . - - .
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Table 3. Collection data for sediment and water samples from the Hudson
River.

Collection
Station date Milepost ** Salinity pH

SLOSH VIII* 8/27/79 43.3 3.2 /.. 8.5

SLOSH IX 8/28/79 18.6 10.7 /oo 8.3

SLOSH X 9/3/79 0.1 21.0 /oo 8'. 2

* SLOSH stands for Standard Lamont Observatory Sediments _from the
Hudson.

** Mileposts are distance upstream from the southern tip of Manhattan
Island.

The results of the Xd measurements for this third experiment are
presented in Tables 4-7. In these tables, Kd values are the average val-
ues of the calculated Kd for different sampling times; the error terms
are one standard deviatiqq around the mean. Table 4 shows the results
that were obtained for 13'Cs._ The Kd values cre significantly higher
for the sediment-water systems from mp 43.3 thar, for the more saline sta-
tions. There are, however, no significant differences due to the intro-
duction of organic ligands for arly of the three sampling stations.

106 u are present-The effects of organic ligands on the sorption of R

ed in Table 5. The only consistent result was for 1,10-phenanthroline
which raises the Kd value at all three stations. At mp 18.6, 1-nitroso-
2-naphthol lowers the 106Ru Kd value slightly but no significant differ-
ences were observed for sediment-water systems from th other stations.
Compared to our previously determined Kd values for 1 JRu (Schell et al.
1979,1980), the values obtained in this experiment are very low. Later
experiments showed that sodium azide (nan ) greatly increased the soluble3
concentrations of ruthenium and lowered the Kd values. Therefore, the
results for 106Ru represent an experimental artifact and are not directly
applicable to natural environments. No effect of nan 3 was noted for the
other radionuclides. Many of the calculated distribution coefficients
for 241 msoluble 24-[ Table 6) are greater than values, since the concentration ofA

Am is often below detection. 'It is therefore sometimes diffi-
cult to evaluate differences following the addition of organic ligands.
However, it is evident that EDTA significantly reduced the Kd Of 241 mA

Calculated K 's for each stationfor all three sediment-water systems. d
have been plotted against time following the EDTA addition in Fig. 6 In
each system equilibrium seems to be reached within 96 hr following the

241 m isAaddition of EDTA. Although the distribution coefficient of
reduced at all three stations, larger reductions are obtained for the

. - -. . _ . - - . -, - ..- . - .. - -. . - . - . . ,, . - - . -
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137Table 4. Average K values for Cs for Hudson River stations.
d

Average Kd (ml/g) for station (mean + 1 s.d.)

mp 0.1 mp 18.6 mp 43.3

Organic canpound N K x 10 N K x 10-2 N- K . < 10-2-2
d d d

~None 6 6.35 + 0.63 7 5.82 f;0.70 6 17.4 + 0.80

i EDTA 4 '6.56 + 0.53 4 6.24 f; 0.45 4 17.7 f; 0.90

1-nitroso-2-naphthol 4 7.24 j; 0.54 4 6.03 + 0.40 4. 17.7 j; 0.50
.

1,10-phenanthroline 4 7.46 + 0.56 4 6.47 + 0.22- 4 18.0 1 0.90

' Humic acid 4 7.40 1 0.61 4 6.96 + 0.51 4 18.5 f; 0.90 i

: Glycolic' acid 4 7.42 + 0.49 4 6.18 + 0.56. '4 17.0 + 0.70' _,

N = number of sampling times af ter " equilibrium"
i

I

r

4

.

4
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; Table 5. Average K values for.106Ru for Hudson River stations.
d

Average Kd (ml/g) f r station (mean + 1 s.d.)

mp 0.1 mp 18.6 mp 43.3'

-3 -3 -3-Organic compound N K x 10 N K x 10 3 g x 10
d d d

None 6 4.94 + 0.22 7 3.23 + 0.43- 6- 3.22 + 0.40

EDTA- 4 5.07 1 0.72 4 3.16 + 0.41 4- 3.15 + 0.18i

j 1-nitroso-2-naphthol 2 4.46 1 0.27' 2 2.5210.19 4 3.16 1 0.27

1,10-phenanthroline 2 5.84 1 0.29 2 3.46 1.0.30 4 4.23 1 0.54 .;_

Humic acid 2 5.09 _+ 0.04 4 3.13 _+ 0.29 4 3.52 _+ 0.39,

_ _

;

j Glycolic acid 2 4.8710.16 4 3.1610.24 4: 3.34 + 0.42

'
N = number of. data points

:
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Table 6. Average K values for Am for Hudson River stations.
d

Average Kd (ml/g) f r station (mean + 1 s.d.).

mp 0.1 mp 18.6 mp 43.3

Organic compound 'N K x 10 N K x 10 N K x 10-5-5 -5
d d d

None 7 > 2.3 7 2.55 + 0.38 -7 > 2.1

EDTA 4 1.18 + 0.48 2 0.072 + 0.002 2 - 0.058 + 0.001

1-nitroso-2-naphthol 4 > 2.5 4- > 1.9 .4 > 2.1

; 1,10-phenanthroline 4 > 2.0 3 3.75 +jl.25 ~3 2.71 +;1.22

Humic' acid 4 > 1.7 4 1.33 + 0.24 3 0.397 + 0.067
co

.Glycolic acid 4 > 2.6 3' 4.20 + 0.88 3 2.65 +.0.82

N = number of data points

!

r -

!
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Table 7. Average K values for Co for Hudson River stations.

d4

Average Kd (ml/g) f r station (mean i 1 s.d.)
_

mp 0.1 mp 18.6 mp 43.3
-2

Organic compound N K x 10' N K x 10' N K x 10
d d d

None 7 3.63 1 0.63 7 2.92 1 0.62 7 9.04 i 1.03

EDTA 4 3.21 1 0.62 4 1.70 1 0.29 4 3.69 1 0.80

693 1 391 4 528G 1-2750 3. 3510 1 17901-nitroso-w-naphthol *

1,10-phenanthroline 4 608 i 129 4 11'30 + 110 *-
668 1 56

Humic acid 2 3.2810.12 2 3.36 1 0.70 4 11.50 1 0.90 g

Glycolic acid 2 2.75 1 0.57 4 3.1010.45 4 9.02 1 0.97
__

*K values did not appear to reach equilibrium after 165 hours.
d

N = number of data points

<
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more freshwater stations. This occ rs.because EDTA chelates several di-
and tri-valent cations. Since there are' more metals present at the ma-
rine stations,- a greater quantity ~ of EDTA is used to c plex other met-
als. Consequently, less EDTA is available to complex 1Am'in the marine-
sediment-water systems and the total 'effect is therefore reduced. The
effect of other. ligands on 241 m Kd values can be evaluated for only theA

sediment-water system. from mp 18.6. For that station,-humic acids de-
crease the Kd value by approximately a factor of two while 1,10-phenan-
throline and glycolic acid each increase the Kd values slightly.' By
evaluating the data that were collected at individual sampling times, it
appears that these ligands _ produce similar. but more pronounced responses .
at mp 43.3 than at mp 18.6. -These effects were obscured, however, by
averaging the data from -different sampling times.

The most interesting results were obtained for 57Co (Table 7). At
mp 18.6 and mp 43.3 the addition of EDTA produces'a significant' decrease--

$7 o; a slight but statistically insignificant de-in the Kd_value of C
crease was also obtained at mp 0.1. As we observed for 241 m, the effect-A

At MP 43.3, hum-
of EDTA is much more pronounced at freshwater stations $7 o although thatic acids produce a slight increase in the Kd value of C

effect was not observed for sediment-water systens from the other sam-
pling stations. The most significant differences were _obtained for
1-nitroso-2-naphthol and 1,10-phenanthroline. 5gollowing the addition ofthese ligands -the distribution coefficient of Co increased by more
than two orders of magnitude for sediment-water systens from all three

strongly onto the sediment but also complexed the jjc ligands adsorbedsampling stations. This suggests that the polycyc
Co .- Although these

results were quite unexpected, they indicate that the addition of some
organic ligands may _significantly increase the concentration of ra fionu-
clides in the particulate' phase rather than increase the soluble cancen-
tration. Unlike EDTA, the effects of 1,10-pher athroline and 1-n',troso-
2-naphthol do not appear to be directly correlf,ed with salinity. Fig-
ure 7 plots the Kg values that were obtained following the additjon of
1,10-phenanthroline to sediment-water systems from each of the three sam-
pling stations. Similar results for 1-nitroso-2-naphthol are-plotted in
Fig. 8. For each of these ligands a marked increase was observed 24 hr
after the addition of the organic compound followed by a_ slight decrease
at later sampling times. However, the variation with time is apparently -
insignificant compared to the large increase caused by the ligands.

A summary of the effects of 10-4-10-5 M concentrations of the
organic compounds on all samples tested is presented in Table 8.

<
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Table 8. Summary of effects of 10-4-10-5 M ggncentrations of
organjgcompoundsonKd values of D'Co,106 u,137 s,R C

and 2 1Am.

Lake I
IOrganic compound Hudson kiver Washing-

added mp 0.1 mp 18.6 mp 43.3 ton'

57 o Kd (X10-2)
4

C

None 3.6 2.9 9.0 32-
Humic acids 3.3 3.4 11.5
Glycolic acid 2.8 3.1 9.0 -
EDTA 3.2 1.7 3.7 1

1,10-phenanthroline 608 1,130 668- 1,681
1-nitroso-2-naphthol 893 5,280 3,510 3,582
Acetic acid 44-
Salicylic acid 30

106Ru Kd (X10-3).

None 4.9 3.2 3.2 10.9
Humic acids 5.1 3.1 3.5
Glycolic acid 4.9 3.2 3.3
EDTA 5.1 3.2 3.2 34.5
1,10-phenanthroline 5.8 3.5 4.2 37.8
1-nitroso-2-naphthol 4.5 2.5 3.2 26.1

J Acetic acid 23.0
Salicylic acid 12.3

137Cs Kd (X10-2)

None 6.4 5.8 17.4 4.2~
Humic acids 7.4 7.0 18.5
Glycolic acid 7.4 6.2 17.0
EDTA 6.6 6.2 17.7 3.5'

1,10-phenanthroline 7.5 6.5 18.0 3.2,

1-nitroso-2-naphthol 7.2 6.0 17.7 5.0
Acetic acid 2.7'

Salicylic acid 3.8

241A .' Kd (X10-5)

None ->2.3 2.6 >2.1- 0.23
Humic acids >1.7 1.3 0.4
Glycolic acid >2.6 4.2 -2.6
EDTA 1.2 0.1 0.1- 0.01
1,10-phenanthroline >2.0 3.8 2.7 2.53.
1-nitroso-2-naphthol >2.5 >1.9 >2.1 0.78
Acetic acid 0.56
Salicylic acid 0.29

, . . ,. - . , . -- .- -, . . . - . - . . . - . . - - -.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The results derived in the above experiments confinn that organic
compounds can affect sediment-water distribution coefficients of radio-
nuclides. However, the magnitude and direction of these effects are sub-
ject to a great variety of parameters including the physico-chemical
properties of both individual radionuclides and organic compounds, their
interactions with other elements and with organic and inorganic compounds,
and the nature and chemistry of the particulate phase (s).

The results indicate the complexity of reactions which can occur in
natural systems. 7For examole, EDTA was generally found to lower the Kd
values for both 5 C0 and 241 m. However, the chemistries of the individ-A
ual sediments and/or water samples strongly influence this effect. In
the Hudson River samples progressively greater effects on the Kd values
of EDTA were observed at . stations farther upstream in the river. This
could be explained by either a progressive change in the sorption proper-
ties of the sediments or the increased competition of other cations for
complexing with available EDTA molecules as the salinity of the water
samples increased. The latter argument receives indirect support from

57 o were dramatically241 m and CAthe fact that the Kd values for both
reduced by EDTA in samples from the other two freshwater sites tested
(Lake Washington and Cattaraugus Creek). Hence, samples from three dif-
ferent environmental locetions with veq low sal 1D{ty values showedd values of '41 m and 3 Co upon addition ofAdramatic degreases in the K
10-4 to 10-b M EDTA.

A comparable, although less dramatic, effect of salinity was ob-
241 m in the Hudson River samples when humicAserved upon Kd values of

acids were added. Again, the greater competition with other cations in
the more saline waters could explain the reduced effect of humic acids
upon Kd values nearer the mouth of the river. Mantoura et al. (1978)
noted that calcium and magnesium occupy a much greater portion of the
complexing capacity of humic materials in seawater as opposed to fresh-
water samples.

Data from these experiments show that the concentration of an organ-
ic complexing agent can determine its effect upon Kd values. As shown

241 m inAin Fig.1, EDTA did not noticeably decrease the Kd values of
the Cattaraugus Creek samples until the concentration of the organic com-
pound was greater than 10-6 M. One hypothesis that could explain this
concentration-depgndent behavior is that at lower EDTA concentrations, ca-
tions other than '41 m compete more successfully for this organic ligand.A
This argument is analagous to that proposed above for the effect~ of sa-

241 m and b7 o in the presence of EDTA andA Clinity upon Kd values of
humic acids.

Of equal interest in the above experiments is the observation that
certain organic ligands (e.g. ,1-nitroso-2-naphthol, and 1,10-phenanthro-
line) can increase the affinity of certain radionuclides for the

.- --- - .- -- -- .... - - -- .
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particulate phase. This implies that such organic ligands are involved
in a dual reaction process: 1) they are complexing the radionuclide,
and 2) they are themselves actively associating with the sediment par-

|
'

ticles. Similar phenomena have been observed by Davis and I.eckie (1978a .
and b) for trace metal-organic combinations. Depending upon the relative
affinities of ligands for the radionuclide and the sediment particles,
lowering the concentration of the . ligand could result in lower K values

d ithan in the control (i.e.,'no ligand added).

Our results identify processes which are occurring in natural sys-
tems and suggest several interesting and important directions for further
s tudy. These results emphasize the complex variety of interacting fac-
tors that can affect sediment-water distributions of radionuclides.

.

Therefore, it.is necessary in any adsorption study, whether in the labo-,

'

ratory or in the field, to characterize as fully as possible the chemi-
cal parameters of water and sediment that can contribute to the eventual
results in any given system. Our results provideLa starting point for

;
'

information regarding the effect of organic compounds upon the environ-
mental fate and distribution of radionuclides. However, the environmen-
tal relevance of many of these test compounds has not been determined.
Consequently, further studies should make an attempt to use " natural"
compounds. Humic acids are certainly environmentally relevant and
should be pursued in much greater detail. This could include not only

| obtaining humic materials from different envircamental sources but also
fractionating a humic sample into varicu. components. For example,
Rashid (1971) has shown that different molecular weight size fractions
of humic substances have different metal complexing efficiencies. .The
use of " biologically conditioned" water samples for Kd studies could .
also be particularly interesting. Such a water sample could be obtained
by allowing biota to grow in it prior to use for Kg studies. It is clear
that much research remains to be done in this interesting and complicated

i area before we can hope to understand the environmental behavior of an-
'

tiropogenic radionuclides.
i

i

-

t

i j

- . _ - . . _. . . . _ , _ . _ . - . _ _ _ , _ . . _ _ . - . _ _ . . . . . . _ _ _ . _ . . . . _ . . _ . . . - _ , _ _ . _ _



27

5.0 SUMMARY - EFFECTS OF ORGANIC COMPOUNDS;

Results of the studies on the effects of organic compounds show that
certain organic compounds can definitely affect sediment-water X values.
For example, EDTA and humic acids can solubilize both 241Am and 7Co, al-
though this effect is more pronounced in freshwater than in seawater sedi-
ment-water systems. Other. organic compounds such as 1-nitroso-2-nephthol

and1,10-phenanthrp}Coforsediments.ine actually increase the affinit/ Of radionuclidessuch as 291Am and 3 However, certain radionuclides
such as 137Cs and 106 u showed little or no alteration in their interac-R

tions with natural sediments due to any of the organic compounds tested.
To conclude, organic compounds can affect the eventual distribution and
fate of radionuclides in natural water systems, but our ability to pre-
dict such interactions requires a knowledge of the physical and ' chemical
properties of: 1) the given radionuclide, 2) the important organic li-
gands, 3) the solid phases present, and 4) the receiving waters. Al-
though this preliminary research has produced valuable and interesting
results, much more research is necessary before we can hope to under-
stand the role of organic compounds in mobilizing anthropogenic
radionuclides.

.
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