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Jacob Sedlet! and N. W. Golchert!

IONUCLIDES IN LIQUID EFFLUENTS FROM ARGONNE NWATIONAL LABORATORY -
AN EXAMPLE OF MONITORING FOR A MULTIDISCIPLINARY NUCLEAR LABORATORY

ABSTRACT: The environmental monitoring program conducted by Argonne
National Laboratory for radionuclides in effluent and surface water
is described and the rvesults for the past six years are suumarized.
Small amounts of several radionuclides have been prescut in Argonnc
waste water, and are consequently detectable in the stream that re-
ceives this warer. The most abundant of these is lhiydrogen-3, whose
average concentration in the stream during this period was about
3060 pCi/l, equivalent to 0.1% of the drinking water stundard. The
distvibution 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 solutien. 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, plutoniuw,
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 aund its effect on
man aad his environment. The nuclear facilities and research efforts that
may produce aqueous radicactive waste are a 5 MY heavy-water ceooled 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 irrvadiated fuel
clements and multicurie quantities of the actinide clements.

Surface and YWaste Water Svstems

Most laboratory buildings at Argonne have two water sapplies — one for
laboratocy 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 evarporated or otherwise treated and disposcd of
as radioactive waste. If not, the water is vrelevased to the sewage treatuent
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plant, wherae it is cowbinaed with the sanitary waste water, treated, and dis-
chargnd into Sawmill Creek, a small stream that runs in a southerly directinn
throush the ANT site. This stream collects most of the surface water runoff
from the site, and flows into the Des Plaines River about 500 n downstream of
the Argonne waste-water outfall. The Des Plaines River then Flows dinto the
Illinois River about 48 km southwest of Argonne.

Sawmill Creek also receives water from a municipal sewage treatment plant
a few kilometers north and upstrecam from Argonne at the rate cof 12.3 wigaliters
(3.25 million gallons) per day. The water f[low in the Creek just above the
outfall averarces 24 megaliters (6.4 million gallons) per days AN waste-water
effluent cunLerutus another 3 megaliters (0.8 million gallons) per day. Thns,
about 10% of the water in the Creek below the ANL waste-water outfall is due to
Argonne, and nbout 45% is from the municipal plant.

The treated Argonns wvaste water, which consists of about equal amounts of
laboratory and sanitary water, is also sampled duving discharge and counted for
radioactivity. Althoush it is possible that radionuclides can enter the Creek
without firsl 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 subszquent drainage by the
storm water runoff sy LLm, this has occurred rarely, if at all. The concen-
trations of radioounclides found in Creek water are less than expected based on

on -ank dis. rge, and ave not detecrable by the rapid

3
id
the limits for rotentio
analysis required by the treatment plant operations. Toey are measurable by
high sensitivity analyses, which requirve large samples and long counting rin:

Sampling

Sawrmill Creek 1s sampled upstream from the Argonne site and downstream
from the wastc—water outfall to determine if rddLﬂﬂUClLdQS are added to the
stream by Argonee waste water or from surface drainzge. The Des Plaines Rivar
is samoled upstream and downstream from the mouth of Sawmill Creek to evaluate
the effect of Creek water on the radioactivity in the River, and the Illincis
River is sampled to detect any effect on it from the D= Ilnlna River. The
frequency of sampling decreases with increasing dlstanca from ANL. Crezk
sampiing downstream from the outfall is now continuscus. Before 1977, daily
grab samples were collected. Elsewhere, individual sarples are collected at
intervals fromweekly ta seminnnually. Bottom sediment from streams is also
collzct:d, and other bodies of water in the area are sawpled for comparison
purposes.

Measurements

Samples were made 0.1N in nitric acid, after aliquots were removed for
radiniodine and hydrugen—S analyses, and filtered throuzh Whatmoan No. 2 paper
promptly after collection. DMost hydrogen-3 analy: o wzre performad by distil-
ling the water and counting 10 ml in a scintillati~ zounter; seome samples were
enriched in hydrogen-3 by electrolysis prior to couantirnz. Strontium—89
strontium-90, bariun-140, and iodine-131 analyses ware performed by the wvsual
methods for these radionuclides =t low levels — addi

tio
chemical separation, and beta counting in a low-hackeraund counter. Uranium
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was analyzed fluorometrically, and thae concentration units converted from mass
to activity with the assumption that the isotopic composition of the uranium
was normal. Plutonium, neptunium, and the transplutonium clements were sepa-
rated from 10 to 50 1 samples by coprecipitation with caleium fluoride. Aftex
dissolucion of the precipitate In aluminumw nitrate-nitric acid solution,
neptuniun and plutonium were absorhed on a Dowox-1 resin column.  Plutonium.
was eluted with ammoniun iodide solution and neptunium with hydrochloric-
hydrofluoric acid solution. The column effluent was evaporated, adjusted to
pH 2, and the trivalent actinides extracted with a solution of Aliquat-336 (an
allyl quaternary armmenium compound) dissolved in xylene, and re-csztracted into
dilute acid. The separated fractions were electrodeposited on platiaum or
silver from chloride solutinn and counted in an alpha spectromater. Isoteplic
tracers were used to monitor the chemical recoveries: plutonium-242 for plu-
tonium, neptunium~239 for neptunium, and americium—-243 for the trivalent
actinides (americium, curium, and californium). Additioaal details are given
in annual repeorts of the ANL enviconuwental wonitoring program [1].

Results and Discussion

Radionuclide concentrations in Sawmill Creck water for the past six years
are summarized in Table 1. The error given for an average is its standavd de-
viation. It is not the usual errvor or uncertainty in replicate analyses ol the
same sample, but is a measure of the range or spread of individual results that
were used to calculate th2 average. For several nuclides, results for some of
the sawmples werc less than the detection limit. Averages that included a large
fraction of such samples were calculated with the assumpbion that the concentid.
tion in those samples w 5 at the detection limit, aad the resulting average is
preceded by a less—~than () symbol to dindicate this. It should be cmphasized
that this method of averaging gives a2 value that is biased on the high side,
and such averagzes 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 sitandard (tte Concentration Guide given in Chaptar
0524 of the Depattiment of Energy Hanual), 2) the nuclides that weve added to
the Creek in Argonne waste water were hydrogen—3, neptunium-237. plutonium-238,
plutoniuim-239, americium-241, and the califorunium and curivm nuclides. and 3)
the average and ranpe alone cannet be used to decide on the source of the
activity if the concentrations and the upstream-downstream differences ave
very small. On the latter question, there is little uncertalnty in the casc
of hydrogen-3 that the concentrations below the outflall vesulted from tritiun
in Argonna woeste water. For strontium-90 and iodine-131 the situation is less
cleur, and it is necessary to examine individual resvults for samples collectod
at about the same time, and correlate them with fallout monitoring resulrs,
principally radioactivity in air and precipitation. TFrom these types of com-
parisons, we have concluded that about 25% of the individual samples contalned
some strontium-90 from Argonne waste water, while none containced iodine-1731
attributable to Argonne.

Whoen incereases in fallout were noted, particularly
shortly after o

nuclear test, and a fission product was found in approzimately
equal amounts at both sampling locations (or found below the outfall an davs
when no upstrean sample was collected), it was reasonable to conclunde that the
activity is predominantly from fallout.
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TABLE 1

Radionuclides in Sawmill Creck Water, 1972-77

Concentration (pCi/l)

% Range Percent of

Nuclide Location Average (Individual) Standard (Avg.)
Hydrogen-3 A (<) 240 < 200-470 (£)0.008

B 3120 * 4890 < 200-3.3 x 105 0.10
Strontium—89 A < 2 < 2 < 0.07

B < 2 < 2-6.4 < 0.07
Strontium=90 A ()0.65 * 0.15 < 0.5-1.6 (£)0.22

I (<)0.79 £ 0.27 < 0.5-11 (<)0.26
Todine-131 A ()3.7 *+ 0.8 < 3-24 (QOL.2

B ()3.4 =+ 0.5 < 3-14 (1.1
Barium-140 A < 2 < 2 < 0.007

13 < 2 < 2 < 0.007
Uranium A 1.9 + 0.4 0.9-4.8

0.0048
as né ¢ . * 0.4 -5.

(as natural) B 2.0 % 0.4 0.7-5.9 0.0050
Neptunium-237 A < 0.002 < 0.002 <7 x 107

B 0.077 * 0.08 < 0.002-1.9 0.0036
Plutoniuvia~-238 A < 0.002 < 0.002 <4 % 1075

B 0.0035 * 0.0014 < 0.002-0.089 7 x 10-S
Plutonium-239, 240 A < 0.0005 (< 5-9) = 10~ 1 x 10-°

B 0.0088 + 0.005 < 0.0005-0.25 1.8 x 107+
Amcricium-241 A < 0.001 < 0.001 < 3 x10°°

B 0.0053 * 0.0007 < 0.001-0.092 7.3 x 10="
Curium-242/ A < 0.001 < 0.001 < 1.4 % 107°
Californium—252 B ()0.0041 + 0.0019 < 0.001-0.010 (<)5.9 x 10™°
Curium-244/ A < 0.00L < 0.001 < 2.5 % 1072
Californium-249 B (<)0.0040 * 0.0018 < 0.001-0.13 ()1 = 10"
Total Alpha A 2.1 # 0.3 1.0-4.8 -
(nonvolatile) B 1.6 + 0.2 0.3-4.1 -
Total Betn A 19 £ 4 7~-33 -
{nonvolatile) B 16 + 2 744 -

K

Locations: A is upstream of the ANL site; 8 is below the waste-water outfall,



In some cases, iodine-131 could be attributed to fallout. In others,
jodine-131 was detected at both locations, but the concentration was greatoer
upatream, and no recent test occurred that could produce the observed concan-
tration. A possible explanntion for this finding is that the iodine-131L
originated from a medical administration to a resident of the arca sevved hy
the sewage treatment plant upstream from the Argonne site, The excretion of
10 to 100 uCi per day of iodine~131 would producce the observed Creel coucon-
tracions (10-20 pCi/l), and such excretion rates have been obgsevvoed by us in
individuals who received medical injections of thir nuclide.

If a radionuclide were present in ANL cefflueal vater in sufficient con-
centration, it is obvious that it could be detected i1 the Des Plaines and
I1llinois Rivers as well as in Sawmill Creek. Results for the two Rivers are
summarized in Tables 2 and 3. All averages vere ecssentially normal, and do
not indicate the presence of radionuclides from ANL waste water. Bxcept for
hydrogen-3, the same is true for the individual samples. The wnpper eud of
the range at location B in the Des Plaines River indicates abnormal councentra-
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 times, and for all other nuclides, the combination of low concen-
tration and dilution reduced the concentrations in the Rivers sufficilently to
make them indistiangrishable from background or natural levels. In the
Illinois River rodivaectivity frowm Argonne could not be detected in any sanple.

Plutoniurm 239 was meusurable in most Des Plaines and Illinois River samplos
at concentrations expected and attributable to fallout if sample sizese wera
suf ficlently large (50 1). In Sawmill Creek above the site, tha plutoniun
concentration was less than 0.5 FCLi/1 in all samples, probably bacause a sig-
nificant portion of the water originally came from wells, viad the seways
treatment pl-nt, rather than from precipitation. Below the outfall the effect
o ANL efflient water on the plutonium concentration can be seen in Table 1.
The neptunium-237 concentration below the outfall was nearly a factor of 10
larger thun plutonium, but not necessarily because the amount released was
greater. The difference is due, at least in part, to the relative insolubil-
ity of tie plutonium in water. From 50% to 80% of the plutonium in Saw—ill
Creek water samples can lLe removed by filtration with ordinavy filter papar
while less than 307 of the neptunium is usually rewmoved by this procedure.
This might be expected from the known solubility properi :s of the most stable
oxldation states of these two elemeuts. Laboratory stud es of the absorption
of these twn clements from soluticn onto soil clay and filtrat on experimunts
on White Oak Lake water al Oak Ridge National Taboratory gave s

[21.

milar resules

Table 4 shows the distribution between water and sediment in a group of

amples collected from the Creck at the outfall and at several distaunces down-
stream.  The suspended sediment was separated into fractions by filtration,
coarse (particle sizes greater than 2.5 pm) and fine (particle sizes hetweon
2.5 and 0.45 vm). In water the neptunium concentration was higher than the
plutonium concentration, while irn the sediment the reverse was cenerally the
case. The loss of plutonium and neptuniua from solution and from sediment as
a function of distance can vecur by several processes. The concentrations in



TABLE 2

Radicnnclides in Des Plaires River Water, 1972-77

Concentratcion (pCi/l)

% Range
Nuclide Location Average (Tndividual)
Hydrogen—3 A (<220 = 30 < 200 - 490
B (<250 = 70 < 200 — 4700
Strontium-89 A < 2 <2 -5.9
B < 2 <2 ~-6.1
Strontium-90 A 0.74 £ 0.22 < 0.5 - 1.6
B 0.75 * 0.25 < 0.5~ 2.0
Todine-131 A <3 {3~ 6.3
B <3 <3 -6.7
Barium~140 A < 2 <2 -5.1
B < 2 <2 - 4.8
Uranium A 1.6 £+ 0.3 0.7 - 3.4
(natural) B 1.7 £+ 0.4 0.4 - 4.1
Neptunium-237 A < 0.002 < 0.002 -
B < 0.002 < 0.002 - 0.0072 =
|
Plutonium-239,240 A (<)0.0006 + 0.0003 < 0.0005 ~ 0.002] |
b (<)0.0008 £ 0.0006 < 0.0005 - 0.0090
Total Alpha A 1.7 £ 0.3 0.7 - 4.3
(nonvolatile) b 1.6 * 0.4 0.2 - 4.1
Total Beta A 13+ 4 5 - 43
(nonvolatile) 5 13 + 4 5 - 33

ot

Locations:

— —— — e

A is 8 km above and B is 4 km below the mouth of Sawmill Creex.



TABLE 3

Badionuclides in Illineis River Water, 1972-77

Concentration (pCi/l)

Nuclide Averazo Range
Hydrozen-3 (<) 220 * 40 < 200 - 390
Uraniunm 1.0 £ 0.1 0.5 - 1.3
(natural)

Neptunium-237 < 0.0005 -
Plutonium~239,2490 0.00035 £ 0.00004 0.00017 - 0.00090
Total Alpha 1.1 + 0.3 0.1 - 2.2
(nonvolatile)

Total Beta 8.8 + 1.0 4.3 - 14

(nonvolatile)




TABLE 4

Distribution of 23%/240py and 237xp
Between Water and Fuspended Sediment

Date A Concentration, pCi/1 (%) Sediment
Collected Location Fractioch 239,2k0py 237N%p mg/1
/
Cctober 10, 1977 Qutfall Water? 4.5 (19% L4.7 (90%) -
Fine Sediment 2,9 (127) <1 - 0.12
Co%fse Sediment 16.6 (69%) _£.,2 (10%) 5.1
/ 24.0 48.9
I
October 10, 1977 200 m Below Whter 4.0 (24%) 22.8 (72%) -
Dutfall fine Sediment 1.8 (11%) <1 - 0.42
/Coarse Sediment 10.9 (65%) 8.2 (28%) 7.5
/ 16,7 31.0
)
November 23, 1977 Qutfall / Water 57.8 (32%) 82.6 (H8%) -
! Tine Sediment 15.5 (9%) 4.7 (&%) 0.003
/ Coarsc Sediment  107.2 (59%) 33.6 (28%) 3.1
/ 130.5 120.9
/
/
November 23, 1977 30 m Beldw Water & Tines 35.2 (33%) 62.4 (68%) -
Outfall Coars~ Sediment _66.4 (657) 28.7 (32%) 9.7
: 101.6 9l.1
November 23, 1977 200 w/Below  Water & Fines 7.1 (31%) 9.3 (48%) -
Qutfall Coarse Sediment 15.7 (68%) 10.2 (52%) 9.8
22.8 9.5
November 23, 1977 500 m Below Water 3.3 (20%) 17.7 (68%) -
Qutfall Fine Scdiment 9.3 (ROX) 5.2 (247 0.055
. Coarse Sediment 3.3 (20%) 2.0 (8%) 7.5
/ 16.4 25.9
/I v

% ;
Suspended sAdimert results are given in terms of the volume of water filtered.
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water can decrease with distance by dilution and by increased asgsocintion
with scediment. Dilution probably predowinated, since the deerveose in solution
content was not accompaniaed by a corresponding increase in sodineat content.
The saedimant content can decrease with distance by sedimentation or by diszolu-
tivn. Since the concentration in the sediment (per liter of water) decreasad
substantially while the sediment content per liter of watoer and the concentii-
tions did not, loss of plutonium and neptunium probably occurred to a luarge

xtent by sedimzntation, awd rvesusponsion of now sediment took place as the
water moved downstream. Tt appears that loss by sedimentation (or at least
from the sediment) was greater for plutonium than for neptunium closce to the
outfall. If the decrcase with distance were simply dus o mechnnienal gettling
of sediment particles, the rate of loss should be the same for both clamoents.
However, the ohserved differénce may be an avtifact that resulted {rom the
unusually high plutonium content of the sediment at the outfall., At lavge
distuances downstream the concentrations in the sediments aad the rates of loss
bacaine similar For both elements, the sedimentation loss was preater for the
larger particles (as expected), and the fines contained more neptunium and
plutonium than tha coarse sediment.

The results imply that much of the plutonium actually released into waste
water m1y he removed in treatment, and that the total plutonium releass cannot
be judged on tha basis of concentration in water alornz. Tt is possible that
naptunium, at about the game release level, may be more important dosimelric—

ally than plutonium becuause of 1ts apparent greater solubility.

The distribution of plutonium and uranium between stream bottom sedinent
and the overlyilaz water arce cowpared in Table 5. The uranium concentraiions
are in thoir natural ranges. Plutonium is evidently eastier to detect in the
stream bzd than in the vater. Since the bed can accunulate plutonium over o
period of timz, 1t is a very sensitive Indicater of aquatic contamination, and
can be useful in covering time perinds durlong which no water samples werve col-
lected.

= 0

TABLE 5

Uraniuwn and Plutonium in Water (£Ci/1) and Bottom Se

Hmont (ECL/e)

U ([L'lt) 239!21‘()1’[1 ?BHE,LI
Location Water Sediment Water Sedinment Water  Sodiment

Sawnill Cresk 1700 1400 2 10-30 < 2 1-3
Des Plaines River 1400 1500 0.6 5-30 <2 2
I1linois River 1100 3500 0.3 1.0 <0 < 0.

A few alzae and fish samples From Sawniil Croeek have boon analyzed.  Con—

2 to 5 fCi/z for both clements, and correspondel

y factors of about 500 for plutenium and 200 for neptunina.  The

numher OE\FﬂﬁE}HH and the copcentrations were too small to be conclusive.
e

.

to comeantration
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Additional studics of the distributions bebweon woter and scediments, as
well as studies of the phvsico-chenical behavior of the heavy elements in
naturit] water systens are necded, but these are difficult and tise-consuming
in Sawnill Creek becnuse of the Tow concentrations.

The results ol reguiar wonitoring of the same streams for a number of
vears show that the chevieal nad physical bebovior of radioclonsnts under
environmental conditions newd Bo he known or studied to design a propor
monitoring and analytical program.  Removal mochanisms, such as found for
plutoning, wmay op=rate to modify the hazard expected on the basis of amount
released.
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