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RADIONUCLIDES IN LIQUID EFFLUENTS FROM ARGONKE NATIONAL LABORATORY -
AN EXAMPLE OF MONITORING FOR A MULTIDISCIPL1NARY NUCLEAR LABORATORY

ABSTRACT: The environmental monitoring program conducted by Argonnw
National Laboratory for radionuclides in effluent and surface water
is described and the i-esults for the past six years are summarized.
Small amounts of several radionuclides have been present in Argonno
waste water, and are consequently detectable in the stream that re-
ceives this water. The most abundant of these is hydrogen-3, whose
average concentration in the stream during this period was about
3000 pCi/1, equivalent to 0.1% of the drinking water standard. The
distribution of plutonium and neptunium between stream water and
particulate matter was studied. Plutonium tends to be relatively
insoluble and become associated with the sediment, while most of the
neptunium is in solution. This difference in behavior should be
taken into account in designing environmental sampling and analytical
programs and in dosimetric evaluation of effluent releases.

KEY WORDS: environmental monitoring, water, radionuclides, plutonium,
neptunium.

Argonne National Laboratory (ANL) conducts a research and development
program, both nuclear and non-nuclear, in a number of scientific disciplines.
Much of the research Is concerned with energy technology and its effect on
man and his environment. The nuclear- facilities and r'esearch efforts that
may produce aqueous radioactive waste, are a 5 >IW heavy-water cooled and mod-
erated research reactor fueled with enriched uranium, several other reactors
or critical assemblies of lower power that use uranium or plutonium fuel; a
12.5 GeV proton accelerator; a 60-in. cyclotron; and laboratories and hot
cells designed for work with radioactive materials, including Irradiated fuel
elements and multicurie quantities of the actinide elements.

Surface and VJaste Water Systerns

Most laboratory buildings at Argonne have two water supplies - one for
laboratory use and one for all other purposes (e.g., drinking, sanitary).
The laboratory waste water is collected in 261,000 liter (69,000 gallon) re-
tention tanks in each building and monitored for radioactivity by a rapid,
total activity measurement. Retention tank water that contains radioactivity
above the discharge limits is evaporated or otherwise treated and disposed of
as radioactive waste. If not, the water is released to the sewage treatment:
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plant, where it is combined with the sanitary was to water, treated, and dis-
charged into Sawmill Creek, a small stream that runs in a southerly direction
through tiu-: ANT, site. This stream collects most of the surface water runoff
from tlit: site, and .flows into the Des Plaines River about r)00 in downstream of
the Argonne waste-water outfall. The Des Plaints River then flows into l.he
Illinois River about: 48 km southwest of Argonne.

Savjini.ll Creek also receives water from a municipal sewage treatment plant
a few kilometers north and upstream from Argonne at the rnLe of 12.3 Ti-egaliters
(3.25 miLlion gallons) per day. The. water flow in the Creek just above the
outfall averaf.es 24 mcgaliters (6.4 million gallons) per day; ANf, waste-water
effluent contributes another 3 megaliters (0.8 million gallons) per day. Thus,
about 10% of the water in the Creek below the ANL waste-water outfall is due to
Argonne, and about 45% is from the municipal plant.

The treated Argonne waste water, which consists of about equal amounts of
laboratory and sanitary water, is also sampled during discharge and counted for
rndioactivity. Although it is possible that radinrn.iclides can enter the Creek
without first being detected in the retention tanks, e.g., by accidental dis-
charge into building drains not connected to retention tanks or by accidental
spillage on the grounds outside of a building, and subsequent drainage by the
storm water runoff system, this has occurred rarely, if at all. The concen-
trations of radiciiHielides found in. Creek water are less than expected based on
the limits for retention tank dis< •cge, and are not detectable by the rapid
analysis required by the treatment plant operations. They are mensurable by
high sensitivity analyses, which require large samplers and long counting time;:.

_Sanip_ling

SawnLLI Creek is sampled upstream from the Argonne site and downstream
from the waste-water outfall to detei-mlne if radionu<:lides are added to the
stream by Argorme waste water or from surface drainage. The Des Plaines River
is sampled upstream and downstream from the mouth of Sawmill Creek to evaluate
the effect of Creek water on the radioactivity in the River, and the Illinois
River is sampled to detect any effect on it from the Des IMaines R.iver. The
frequency of sampling decreases with increasing distanc-2 from ANL. Creek
sampling downstream from the outfall is now continuous. Before 1977, daily
grab samples were collected. Elsewhere, individual sar.ples are collected at
Intervals from weekly to semiannual."]y. Bottom sediment from streams is also
collect .:d, and other bodies of water in the area are sampled for comparison
purposes.

Measurements

Samples were made 0.1N in nitric acid, after aliquots were removed for
radioiodine and hydrogen-3 analyses, and filtered through Whatman No. 2 paper
promptly after collection. Most hydrogen-3 analy: ̂.- were performed by distil-
ling the water and counting 10 ml in a scintillar.i v, counter; some samples were
enriched in hydrogen-3 by electrolysis prior to coajitin^. Strontium-S9,
strontium-90, bariir.Ti-140, and iodine-131 analyses were performed by the usual
methods for these radionuclides ;.t low levels - addition of carrier, appropriate
chemical separation, and beta counting in a low-backf.round counter. Uranium



was analyzed fluorometrically, and the concentration unity converted from mass
to activity with the as'-U!~;pt Ion thai: the is o topic composition of the uranium
was normal. Plutonium, neptunium, and the transplutonium elements were sepa-
rated from 10 to 50 1 samples by coprecipitation with calcium fluoride. After
dissolution of the precipitate: in aluminum nitrate-nitric acid solution,
neptunium and plutonium were absorbed on a Dowox-1 rosin column. VI uf.on him .
was eluted with ammoniur; iodide solution and neptunium with hydrochloric-
hydrofluoric acid solution. The column effluent was evaporated, adjusted to
pH 2, and the trivalent aetinides extracted with a solution of Miquai;-336 (an
alkyl quaternary anmoni ira compound) dissolved in xylene, and re-extracted .into
dilute acid. The separated fraction:1: were electrodcpo.sited on platiuuni or
silver froin chloride, solution and counted in an alpha spectrometer. Isotopic
tracers were used to monitor the chemical recoveries: plutonium-242 for plu-
tonium, neptunlum-239 for neptunium, and americlum-243 for the trivalent
actinides (ameri.cium, curium, and californium). Additional, details are given
in annual reports of the A<\'L environmental monitoring, program [1].

Results and Discussion

Radionuclide concentrations in Sawmill Creek water for the past six years
are summarized in Table 1. The error given for an average is its standard de-
viation. It is not the usual error or uncertainty in replicate analyses of the
sane sample, but is a measure of the range or spread of individual result-, that
were used to calculate the average. For several nuclides, results for some of
the samples were less than the detection limit. Averages that included a large
fraction of such samples were calculated with the assumption that the concentn.
tion in those samples w -; at the detection limit, and the resulting average is
preceded by a less-than (<) symbol to indicate this. It should be emphasized
that, this method of averaging gives a value that is biased on the high side,
and such averages should be evaluated with this in mind.

A general examination of the data shows that 1) the concentrations are. a
very small fraction of the standard (the Concentration Guide given in Chapter
0524 of the Ve.pcoitine.ii.i of. Ent'igy Mamu'C-C), 2) the nuclides that were added to
the Creek in Argonae waste water were hydrogen—3, neptunium—237. plutonium-238,
plutonium-239, americiura-241, and the californium and curium nuclides. and 3)
the average and range alone cannot be used to decide, on the source of the
activity If the concentrations and the upstteam-downstream differences are-
very small. On the latter question, there is little uncertainty in the case
of hydrogen-3 that the concentrations below the outfall resulted from tritium
in Argonne waste water. For strontium-90 and iodine-131 the situation is less
clear, and it Is necessary to examine individual results for samples collected
at about the same time, and correlate them with fallout monitoring results,
principally radioactivity in air and precipitation. From these types of com-
parisons, we have concluded that about 25% of the individual samples contained
SOTT.C strontium-90 from Argonne waste water, while none contained iodine-lTll
attributable tn Argonne. When increases in fallout were noted, particularly
shortly after a nuclear test, and a fission product was found in approximately
equal amounts at both sampling locations (or found below the outfall on days
when no upstream sample was collected), it was reasonable to conclude that the
activity is predominantly from fallout.



TABLE 1

Radionuclidt'.s i n Sawmill Creek Water, 1972-77

Nuclidc

llydrogen-3

Strontium-S9

Strontiuin-90

Iodinri-131

Barium-140

Uraalum
(as natural)

Neptunium-237

Plutoniiun-238

Plutonium-239, 240

Air.ericium-241

CuriuiTi-242/
Californium-252

Curium-244/
Californiutn-249

Total Alpha
(nonvolatile)

Total Beta
(nonvolatile)

Location

A
B

A
B

A
B

A
B

A

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

Concentratio

it
Ave

(<)240
3120

< 2
< 2

(00.65
(00.79

(O3.7
(O3.4

< 2
< 2

1.9
2.0

< 0.
0.077

< 0.
0.0035

< 0.
0.0088

< 0.
0.0053

< 0.
(O0.0041

< 0,
(O0.0040

2.1
1.6

19
16

rage

± 4890

± 0.15
± 0.27

± 0 . 8
± 0.5

± 0 . 4
± 0 .4

002
± 0.08

.002
± 0.0014

.0005
± 0.005

.001
± 0.0007

.001
± 0.0019

.001
± 0.00.18

± 0.3
± 0.2

± 4
± 2

n (pC:L/l)

Range
(Individual'

< 200-470
< 200-3.3 x :

< 2
< 2-6.4

< 0.5-1.6
< 0.5-1.1

< 3-24
< 3-14

< 2
< 2

0.9-4.8
0.7-5.9

< 0.002
< 0.002-1.

< 0.002
< 0.002-0.

« 5-9) x 10
< 0.0005-0

< 0.001
< 0.001-0.

< 0.001
< 0.001-0.

< 0.00.1
< 0.001-0.

1.0-4.8
0.3-4.1

7-33
7-44

)

LO5

9

089

. 2 5

092

010

13

Percent of
Standard (Avg.)

(O0.008
0.10

< 0.07
< 0.07

(00.22
(00.26

(O1-2
(O.1.1

< 0.007
< 0.007

0.0048
0.0050

< 7 :•: 10"*+
0.0036

< 4 x 10~5
7 x 10-5

1 x 10-5

1.8 x 10-'4

< 3 x 10~5

7.3 x 10-''

< 1.4 x 10~5

(<)5.9 x 10~5

< 2.5 x 10"5

«).l x 10-'1-

-

-

Loca t ions : A i s upstream of the ANL s i t e ; B i s below the waste-water o u t f a l l .



In some cases, iodine-131 coitlci be attributed to fallout. In others,
iodine-131 was detected at both locations, but the concentration was greater
upstream, and no recent test occurred that could produce the observed concen-
tration. A possible explanation for this finding is that the iodine-131.
originated from a medical administration to a resident of the area nerved by
the sewage, treatment plant upstream from the Argonne site. The excretion of
10 to 100 pCi per day of iodine-131 would, produce the observed Creek c:ou.-\.m-
trations (10-20 pCi/1), and such excretion rates have been observed by u:.; in
individuals who received medical injections of tlrLr" nuclide.

If a radionuclide were present in ANL effluent vater in sufficient con-
centration, it is obvious that it could be detected ii the Des PI nines and
Illinois Rivers as we] 1 as in Sawmill Creek. Results .for the two Rivers are
summarized in Tables 2 and 3. All averages were essentially normal, and do
not Indicate the presence of radiouuclides from ANL waste: water. Except for
hydrogen-3, the same is true for the individual samples. The upper end of
the range at location B in the De;:; Plaines River indicates abnormal concentra-
tions. These samples were collected in October, 1975, on the same days that
the highest tritium concentrations were observed in Sawmill Creek (Table 1).
At all other t Lines, and for all other nuclides, the combination of low concen-
tration and dilution reduced the concentrations in the Rivers sufficiently to
make them indistinguishable from background or natural levels. In the
Illinois River radiuactivity from Argonne could, not be detected in any simple.

Plutonium 239 was measurable in most Des Plaines and Illinois River sample
at concentrations expected and attributable to fallout if sample si?.a?1, were
sufficiently large (50 1). In Sawmill Creek above the. site, the plutonium
concentration was less than 0.5 fCi/1 in all samples, probably because a. sig-
nificant portion of the water originally came from wells, V-Lci the sewage,
treatment p] ••it, rather than from precipitation. Below the outfall the. effect
of ANL effli.cint water on the plutonium concentration can be seen In Table 1.
The neptuirl um-237 concentration below the outfall was nearly a factor of 10
larger than plutonium, but not necessarily because the amount released was
greater. The difference is due, at least in part, to the relative, insolubil-
ity of the plutonium in water. From 50% to S0% of the plutonium in Saw-.'. 1.1
Creek water samples can be removed by filtration with ordinary filter paper,
while less than 30% of the neptunium is usually removed by this procedure.
This might be expected from the known solubility proper!" is of the most stable
oxidation states of these two elements. Laboratory stud es of ':he absorption
of these two elements from solution onto soil clay and filtrnr '.on experiments
on White Oak Lake water at Oak Ridge National Laboratory gave similar results
[2].

Table 4 shows the distribution between water and sediment in a group of
samples collected from the Creek at the outfall and at several distances down-
stream. The suspended sediment was separated into fractions by filtration,
coarse (particle sizes greater than 2.5 inn) and fine (particle sizes between
2.5 and 0.45 ;:m) . In water the neptunium concentration was higher than the
plutonium concentration, while in the sediment the reverse was generally the
case. The loss of plutoniurn and neptunium from solution and from sediir.en* as
a function of distance can occur by several processes. The concentrations in



TABLE 2

RadioniicUdes in Des Plair.os River Water, 1972-77

Concentration (pCi/1)

Nuclide

Hydrogen-3

Strontlum-89

Strontium-90

Iodine-131

Bariuni-140

Uranium
(natural)

Location

A
B

A
B

A
B

A
B

A
E

A
15

Neptunium-237

Plutonium-239,240

Total Alpha
(nonvolatile)

Total Beta
(nonvolatile)

A
B

A
B

A
B

Average

(<)220
(<)250

< 2
< 2

0.74
0.75

< 3
< 3

< 2
< 2

1
1

< 0
< 0

± 30
± 70

± 0.
± 0.

.6 ±

.7 ±

.002

.002

22
25

0.3
0.4

(<)0.0006 ± 0.0003
(<)0.0008 ± 0.0006

1.7 ± 0.3
1.6 ± 0.4

13 ± 4
13 ± 4

Range
(Individual)

< 200 - 490
< 200 - 4700

< 2
< 2

< 0.5
< 0.5

5 .9
6 . 1

1.6
2 .0

< 3 - 6 . 3
< 3 - 6 .7

< 2 - 5 . 1
< 2 - 4 . 8

0.7 - 3 .4
0.4 - 4 . 1

< 0.002
< 0.002 - 0.0072

< 0.0005
< 0.0005

0.7
0.2

5
5

0.0021
0.009 0

4.3
4.1

43
33

Locations: A i s 8 km above and 11 is 4 kin below the mouth of Sawmill Creek.



TABLE 3

Radionuclides in Illinois River Water, 1972-77

Concentration (pCi/1)

Nuclide Average

Hydrogen-3

Uranium
(natural)

Neptunium-237

Plutonium-239,240

Total Alpha
(nonvolatile)

Total Beta
(nonvolatile)

(<) 220 ± 40

1.0 ± 0.1

< 0.0005

0.00035 ± 0.00004

1.1 ±0.3

8.8 ± 1.0

Ranee

< 200 - 390

0.5 - 1.3

0.00017 - 0.00090

0.1 - 2.2

4.3 - 14



TABLE 4

Distribution of
Between Water and Sus

and 237Np
pended Sediment

/ /
sdimeat

Date
Collected

October

October

November

November

November

November

10,

10,

23,

23,

23,

23,

1977

19 77

1977

1977

1977

1977

i.

Location

Outfall

200 m Below
Outfall

Outfall /

/

i
30 ra Below

Outfall

200 m/Below
Outfall

500 m Below
Outfall

/

fi:
Fraction

Water/
Fine Sediment
Coarse Sediment

/

Vj^iter

.Fine Sediment
/Coarse Sediment
i

Water
Fine Sediment
Coarse Sediment

Water a Fines
Coars" Sediment

Water & Fines
Coarse Sediment

Water
Fine Sediment
Coarse Sediment

Concentration
239;

4.5
2.9

16.6
24.0

4.0
1.8

10.9
16.7

57.S
15.5

107.2
ISO. 5

35.2
66.4

101.6

7.1
15.7
22.8

3.3
9.3
3.3

16.4

,2:0Pu

(19%)
(12%)
(69%)

(24%)
(11%)
(65%)

(32%)
(9%)

(59%)

(35%)
(65%)

(31%)
(69%)

(20%)
(60%)
(20%)

, pCi/1 (%)
23:

44.7
< 1
4.2

48.9

22. S
< 1
8.2

31.1)

82.6
4.7

33.6
120.9

62.4
2S.7
91.1

9.3
10.2
19.5

17.7
6.2
2.0

25.9

'Np

(90%)
-

(10%)

(72%)
-

(28%)

(68%)
(4%)

(28%)

(68%)
(32%)

(48%)
(52%)

(68%)
(24%)
{'62)

Sediment
mg/1

_

0.12
5.1

—
0.42
7.5

-
0.003
3.1

_
9.7

„

9.S

_

0.055
7.5

Suspended s/idimeat results are given in terms of the volume of water filtered.



water can decrease with distance by dilution and by increased association
with sediment. Dilution probably predominated, since the decrease in solution
content wars not accompanied by a corresponding increase in sedim-.-ut content.
The sediment content can decrease with distance by sedimentation or by dissolu-
tion. Since the concentration in the sediment (pur liter of water) decreased
substantially while the sediment content per liter of water and the- to;icentra-
tions did not, loss of plutonium and neptunium probably occur end to a lar̂ .e
extent by sedimentation, and resuspansion of now sediment took place ns the
water moved downstream. It appears that loss by sedimentation (or at least
from the sediment) was greater for pluLoniuin than foi; neptunium close to the
outfall. If the decrease with distance were simply due to mechanical sot tiling
of sediment particles, the rate of loss should be the .same for both elements.
However, the observed difference may be. an artifact that resulted from the
unusually hifih plutonium content of the sediment at the outfall. At lnrs;e
distances downstream the concentrations in the sediments and the rates oF loss
became similar for both elements, the sedimentation loss wan greater for the
larger particles (as expected), and the fines contained more ne.ptunium and
plutonium than the coarse sediment.

The results imply that much of the plutonium actually released into waste
water may be removed in treatment, and that the total plutonium release cannot
be judged on the basis of concentration in water alone. It is possible that
neptunium, at about the same release level, may be more Important dosimetric-
ally than plutoniutsi because of its apparent greater solubility.

The distribution of plutonium and uranium between stream bottom se.l Lnont
and the overly L.i;r. water art: compared in Table 5. The uranium concentrations
are In their natural ranges. Plutonium is evidently easier to detect in the
stream bed than in the vater. Since the beJ can accumulate plutoniuv.i over a
period of time, it is a very sensitive indicator of aqu.itie contamination, and
can be useful in covering time periods during which no water samples v.'e re col-
lected.

TABLE 5

Uranium, and Plutonium in Water (fCi/1) and iiotton Sediment (fC. L/j-;1

Location

Sawmill

Des Pini

Illinois

Creek

nes Riva-r

River

U
Water

1700

1400

1100

(nat)
Sediment

1400

1500

3500

2 39,

Wa t e r

2

0.6

0.3

Sediment

10-'30

5-30

1 -0

Water

< 2

< 2

< ::

38Pu
Sed linen t

1-3

< 0.1

A few nlgae and fish samples from Sawmi.il Creek have been analyzed. C:>n-
ceHj..trat ions were appro;-.ii;i,itely 2 to 5 fCi./;-', for both elements, and corresporuied
to content rat ion factors of about 500 for pluton i urn and 200 for nept.uni.uM. The
number of^«.iriples and the concentrations -,/-re too small to be conclusive.
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Addition.-! 1 studii ' : ; of tin- d i s t r Lbut i om; bc-tween w;i|-pr nncl sediments , as
wel l as s tud ie s of the- ;>hys i co-chemical behv/ ior of: tho. heavy elements in
natura l water systems afi' needed, but t~11o'-:c are d i f f i c u l t and time—consuming
Jn S;T.-.T:i. 1 ]. 0rc>ek because of the- low concent r a t i o n s .

Tim r e s u l t s of regular i:;onitoriiif.', of the ::iai;>e stream.1.! for a number of
ytiars r.hnw that the chev.ic-il and physical. b>--.li:"'.vior of rail,! nvl <:'..;-'nts vmchu:
e.nviron:ui.'i~ital com! i.t Lous nocd to bo known or s tudied to dt'sifto a propnr
monitorLn;/, and a n a l y t i c a l program. liemoval Tiiv'.c.liaiiiKins, such as found for
plu ton Lin;:, is:ay oper.ito to iiiodify the hazard cixpact^d on the: b a s i s of amount
r e l ea sed .
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