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MOUND PLUTONIUM~238 STUDY

Preliminary samples collected from off-site sediment in the Miami-
Erie Canal Area near Mound Laboratory indicated that plutonium-238
concentrations are substantially above baseline levels. As a result
an extensive sampling and analysis program was performed to deter-
mine the plutonium-238 concentrations as a function of depth and
location in a drainage ditch, the canal, two ponds, a run-off
hollow, a canal overflow creek and the Great Miami River. The
plutonium-238 concentration data was used to estimate the total
inventory of ®2®Pu deposited in these waterways, to determine the
extent of the contamination, and to evaluate the potential health

hazards to the general population of the area.

The general sampling plan and techniques have been described
previously.? Additional sampling locations were added later to
more fully evaluate the distribution of the plutonium in the
waterways and adjacent areas. The type and number of samples
taken were also modified as deemed appropriate from the available

data.

The scope of this report is to present the data collected during
this study. Detailed interpretation of the data will be presented

in subsequent reports.

TH., F. Anderson, T. M. Flanagan, USAEC Report MLM-MU-74-65-0001
(May, 1974).
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ANALYTICAL RELIABILITY

Analytical Procedure

The soil and sedimen samples were dried, ground to less than 20
mesh and homogenized. The aliquot taken for analysis was riffled
from the homogenized sample, weighed, and analyzed for plutonium-
238 by a technique similar to the method developed by N. Y. Chu®
of the AEC Health and Safety Laboratory.

In order to facilitate the analysis of a large number of samples

in a short period of time, it was judged adequate to use approxi-
mately 10-gram aliquots of soil or sediment for analysis. This
sample size is appropriate for detection of plutonium concentrations
at or above the Mound Laboratory baseline concentration in the

canal area (~0.0004 nc/g, based on 12-inch cores). It is, however,
not appropriate for the reliable determination of worldwide °2®Ppu
fallout background (0.0000002 nc/g, based on 12-inch cores).®

Quality Control

An operation sheet which describes the sampling and analytical
technique in step-by-step detail was used on each sample to insure
strict adherence to procedure and to record data. The analysts
were required to verify adherence to the operation sheets by
initialing the portion of the operations performed. In addition,
a quality control inspector routinely performed unannounced audits

and reported violations of procedure.

Analytical Blanks

A blank sediment sample (collected 50 miles upwind from Mound
Laboratory) was processed with each group of samples to determine
the level of laboratory contamination. The blank sample results

shown in Table 1 averaged 0.00008 £0.00008 nc/g. Based on these

®N. Y. Chu, "Plutonium Determination in Soil by Leaching and Ion
Exchange Separation'', Analytical Chemistry, Vol. 43, pp. 449-452 (1971).
®Private communication, Edward P. Harly, AEC Health & Safety
Laboratory, New York, NY (1974).



results and on the replication analysis to be discussed later,
it was decided that concentrations measured to be less than
0.0001 nc/g are not reliable. Blank concentrations ranged as
high as 0.0008 nc/g so it is possible to observe spurious
results up in this concentration range. The blank values

were not subtracted from the sample analytical values.



Table I

ANALYTICAL SEDIMENT BLANKS

238 py 238 py
Code (nc/g) Code (ne/g)

S-6-12 0.000142 S-7-17 0.000178
S-6-13 0.000164 S-7-18 0.000033
S-6-13 0.000004 S-7-20 0.000065
S-6-13 0.000137 S-7-21 0.000065
5-6-13 0.000024 S-7-22 0.000045
S-6-14 0.000010 S-7-23 0.000052
S-6-17 0.000071 S-7-24 0.000057
S-6-21 0.000026 S-7-25 0.000033
S-6-23 0.000000 S-7-27 0.000027
S-6-29 0.000027 S-7-27 0.000008
S-6-30 0.000019 S-7-28 0.000011
S-7-01 0.000060 S-7-29 0.000078
S-7-02 0.000022 S-7-30 0.000009
S=7-03 0.000002 Ss-7-31 0.000050
S-7-04 0.000000 S-8-01 0.000008
S=7-05 0.000090 S-8-02 0.000225
S-7-07 0.000048 S-8-03 0.000161
S-7-08 0.000003 S-8-04 0.000765
S=-7-09 0.000031 S-8-05 0.000076
S-7-10 0.000021 S-8-06 0.000021
S-7-11 0.000011 S-8-07 0.000000
S-7-11 0.000014 S-8-08 0.000043
S-7-14 0.000016 S-8-09 0.000207
S-7-15 0.000343 S-8-12 0.000218
S-7-16 0.000058 S-8-14 0.000070

Actual Value (World Fallout) = 0.0000002 nc/g
Grand Mean = 0.000077 nc/g
Standard Deviation (Single Observation) = 0.000040 nc/g



Replicate Analyses

Confidence limits (957%) on the data were established from three
sets of replicate analyses using the analysis or variance tech-
niques, These data are listed in Table II. The thirteen concen-
tration levels used for each replicate set were chosen with con-
sideration for the best definition of an error curve. However,
the individual sample selection for a given concentration was
performed randomly. The analyses of the replicate sets were
performed at widely spaced time intervals during the program
using all of the analysts. The computed F-ratios for the replicate
sets do not exceed critical values at any concentration levels.,
This indicates that the analytical work was under control through-

out the program.

The plutonium-238 concentration and standard deviation data were

fitted by least squares to the following equation:

o = 0.2401 [Pul-7588
where Pul is the ®2®Pu concentration in picocuries/gram,
and ~ is the single observation standard deviation in

picocuries/gram. This error curve is shown in Figure 1.

The confidence limits reported with the data are 20 values computed
from this equation. When the mean value of replicates is reported,
the confidence limits are divided by the square root of the number

of analysis performed on the sample.



Table II

REPLICATE SOIL AND SEDIMENT RESULTS

Replicate Analysis nc/g Grand Grand *
Code 1 2 3 4 Mean SD* Mean SD
DE5-2 3.29 2.81 3.20 - - 3.10 0.26 - -
DE5-3 3.02 3.20 2.87 - 3.03 0.17 3.07 0.20
EF1-1 1.04 1.02 1.04 - 1.03 0.01 - -
PD1-2 0.886 0.903 0.891 0.863 0.881 0.018 - -
PD1-3 0.960 0.882 0.972 - 0.938 0.049 0.908 0.036
EEl1-1 0.373 0.400 0.466 0.459 0.425 0.045 - -
QE2-2 0.262 0.251 0.214 0.223 0.238 0.023 - -
QE2-3 0.238 0.195 0.245 - 0.226 0.027 0.232 0.023
RC1-3 0.119 0.182 0.112 0.132 0.136 0.032 - -
RE1-2 0.0896 0.0916 0.0719 - 0.0844 0.0108 - -
RE1-3 0.0972 0.0957 0.0939 - 0.0956 0.0017 0.0900 0.0093
EF2-1 0.0456 0.0402 0.0432 - 0.0430 0.0027 - -
EE2-1 0.0416 0.0364 0.0400 0.0439 0.0405 0.0032 - -
RG1-2 0.0288 0.0272 0.0265 0.0302 0.0282 0.0017 - -
EF3-1 0.0136 0.0147 0.0150 0.0133 0.0142 0.0008 - -
SEl-2 0.0133 0.0135 0.0136 0.0158 0.0141 0.0012 - -
SE1-3 0.0130 0.0123 0.0144 - 0.0132 0.0011 0.0137 0.0012
EF4-1 0.0084 0.0091 0.0078 - 0.0084 0.0007 - -
EF3-1 0.0056 0.0050 0.0046 0.0130 0.0071 0.0040 - -
PJ5-2 0.0040 0.0038 0.0036 0.0034 0.0037 0.0003 0.0036 -
PJ5-3 0.0037 0.0033 0.0032 - 0.0034 0.0003 0.0036 0.0003
TJ1-2 0.0026 0.0013 0.0016 0.0014 0.0017 0.0002 - -
TJ1=-3 0.0031 0.0022 0.0021 - 0.0025 0.0006 0.0021 0.0007
KB2=-2 0.0003 0.0002 0.0004 0.0005 0.0004 0.0001 - -
KB2-3 0.0009 0.0023 0.0011 - 0.0014 0.0008 0.0011 0.0008
EE4-1 0.0005 0.0009 0.0008 0.0008 0.0008 0.0002 - -
BC3-2 0.0008 0.0006 0.0004 0.0001 0.0005 0.0003 - -
EA5-1 0.0003 0.0002 0.0003 0.0003 0.0003 0.0001 - -

*Standard Deviation for single observation



Table II

Cont.
Grand
Code 1 2 3 4 Mean SD* Mean SD*
1B2-2 0.0002 0.0002 0.0001 - 0.0002 0.0001 - -
1LB2-3 0.0008 0.0002 0.0003 - 0.0004 0.0003 0.0003 0.0003
NA3-2 0.0003 0.0002 0.0002 0.0003 0.0003 0.0001 - -
NA3-3 0.0006 0.0003 0.0003 - 0.0004 0.0002 0.0003 0.0001
1A3=-2 0.0007 <0.0001 <0,0001 0.0001 0.0002 0.0002 - -
LB5-1 0.0002 0.0002 0.0002 - 0.0002 0.0000 - -
LB3-3 0.0001 0.0002 0.0004 0.0001 0.0002 0.0001 - -
EAl-1 0.0002 0.0001 0.0001 <0.0001 0.0001 0.0001 - -
EA4-1 0.0001 0.0001 <0.0001 0.0001 0.0001 0.0001 - -
EB1-1 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 - -

*Standard deviation for single observation



Log, (Standard Deviation, pc/g)

5 — 38 POINTS . MDA
M= 0.75880
4 B =-1.42659

Log, (238Py concentration, pc/q)

Figure 1 - Standard Deviation as a function of the
plutonium-238 concentration in soil and
sediment samples.




Data Rejection

After exhaustive evaluation, several data rejection criteria were
established to remove data which have a high potential of syste-
matic error. These criteria were applied systematically to all
data without regard for plutonium concentration or sample location.
As rejection criteria were set during the course of the program,
data previously reported were withdrawn on several occasions.

These samples were generally re-analyzed and valid data reported.

Interlaboratory Verification

In order to verify that the measured plutonium concentrations

were valid, many samples were sent to independent laboratories

for analyses. The independent laboratories used were: the

USAEC Health and Safety Laboratory in New York, N.Y. (HASL), the
U.S. Environmental Protection Agency Laboratory in Atlanta, Georgia
(EPA), and the LFE Environmental Analysis Laboratory in Richmond,

California.

The samples were collected by Mound Laboratory, Bowser Morner
Testing Laboratory, and USEPA, dried and ground to less than 20
mesh particle size. The samples were homogenized and aliquots
from these samples were riffled and sent to the independent

laboratories for analyses.

The analytical values obtained by Mound and the independent
laboratories are compared in Tables III, IV and V. Agreement
was generally good at all concentration levels. EPA results
tended to be slightly higher than the Mound values while LFE
results tended to be slightly lower. Mound/HASL results were
almost identical except at very low concentrations where HASL

values tended to be lower.



Table III

INTERLABORATORY COMPARISON OF MOUND
AND EPA #%®Pu RESULTS ON SOIL AND SEDIMENT

Mound EPA

Code (ne/g) (nc/g)
EA1 *%% 00,0001 £ 0.0001 *0,.00011
EB1 *%%<(0,0001 *0.00012
EC1l 0.0029 0.0011 0.0048
ED1 0.0009 = 0,0004 0.0011
EE1 *%% 0.425 % 0.024 0.440
EF1l *% 1,03 + 0.05 *1.13
EGl 0.0098 + 0.0027 0.0108
EH1 0.0238 + 0.0053 0.026
EI1l <0.0001 0.00098
EJ1 0.0010 £ 0.,0005 *0.0011
FAl 0.0094 + 0.0026 **0.0085
FE1 * 0,0138 £ 0.0025 0.0181
GAl 0.0004 + 0.0002 0.00048
HA1l 0.0047 + 0.0016 0.0051
IA1 0.0020 + 0.0008 0.0025
JA1 0.0007 £ 0.0004 0.0007
KA1l 0.0309 £ 0.0065 0.0027
LAl 0.0096 + 0.0027 0.0109
CE1l 0.0302 + 0.0064 0.024
QE1 1.00 + 0.09 0.920

*Mean of duplicates
**Mean of triplicates
#*%*Mean of quadruplicates



Table IV

INTERLABORATORY COMPARISON OF MOUND
AND LFE *"7 Pu RESULTS ON SOIL AND SEDIMENT

Code
PS6

PS7

PS8

PS11
PS12
PS13
PS14
PS26
PS29

*Average of triplicate analysis.
All others are single analysis.

Mound

nc/g
0.207 £ 0.016%*
0.362 % 0.042
0.0963 = 0.009*
0.545 + 0.057
3.21 + 0.13
0.591 + 0.061
0.289 <+ 0.035
0.176 =+ 0.024
0.618 =+ 0.036%*

LFE
nc/g

0.178
0.368
0.0923
0.550
2.96
0.536
0.310
0.114
0.554




Table V

INTERLABORATORY COMPARISON OF MOUND
AND HASL 2°®Ppu RESULTS ON SOIL AND SEDIMENT

Mound HASL
Code nc/g *% nc/g*
RG1 0.0282 + 0.0030 0.027
SE1 0.0137 £ 0.0013 0.014
PJ5 0.0036 £ 0.0013 0.0036
TJ1 0.0021 £ 0.0003 0.0014
KB2 0.0011 + 0.0002 0.00031
BC3 0.0005 +£ 0.0001 0.000090

*Mean value of duplicates
**Mean value of quadruplicates



USEPA also collected samples in the areas adjacent to Mound
Laboratory and these samples were split in the field without
sample homogenization. Comparison of these results between

Mound and EPA is shown in Table VI.

The agreement between the two laboratories on these field-split
samples appears to be poor in many cases, Considering the
previous good agreement between Mound and EPA on homogenized
samples, it is believed that sample inhomogeneities resulted

in the poor agreement,



Table VI

INTERLABORATORY COMPARISON OF MOUND
AND EPA RESULTS ON FIELD-SPLIT SAMPLES+*

Mound EPA
Code (nc/g) (nc/g)
EPA-17 0.284 £ 0.035 0.047
EPA-18 0.280 + 0.035 0.060
EPA-1 0.165 = 0.023 0.230
EPA-6 0.0052 + 0.0017 0.0038
EPA-20 0.0011 £ 0.0005 0.0019
EPA-14 0.0009 = 0.0004 0.00044
EPA-15 0.0009 = 0.0004 0.00096
EPA-3 0.0001 £+ 0.0001 0.00039
EPA-13 0.0001 + 0.0001 0.00010
EPA-7 <0.0001 0.00044
EPA-12 <0.0001 0.00019
EPA-2 <0.0001 0.00012
ALGAE SAMPLES
EPA-9 0.111 0.079
EPA-21 0.0024 0.0024

*These samples were collected by USEPA near Mound Laboratory.
The samples were split between EPA and Mound in the field
without homogenization.



PLUTONIUM-238 CONCENTRATION
OF SOIL, SEDIMENT AND WATER SAMPLES

COLLECTED BY MOUND LABORATORY

IN THE MIAMI-ERIE CANAL
AND ADJACENT WATERWAYS
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PLUTONIUM-238 CONCENTRATION
OF ADDITIONAL SOIL SAMPLES

COLLECTED BY MOUND LABORATORY
NEAR THE MIAMI-ERIE CANAL
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PLUTONIUM-238 CONCENTRATION
OF SURFACE SOIL AND SEDIMENT SAMPLES

COLLECTED BY OEPA AND USEPA
IN THE AREAS ADJACENT TO MOUND LABORATORY
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PLUTONIUM-238 CONCENTRATION
OF VEGETATION AND FISH SAMPLES

COLLECTED BY MOUND LABORATORY

IN OR NEAR THE DRAINAGE DITCH
MIAMI ERIE CANAL
MIAMISBURG POND
GREAT MIAMI RIVER



VEGETATION AND FISH SAMPILES

Vegetation (Grass)*

238Pu
Concentration
Location*** (nc/g)

0.000874
0.000015
0.000002
0.000028
0.000002
0.000031
0.000012
0.000012
0.000005
0.000004
0.000003
0.000035
0.000005
0.000018
0.000052
0.000074
0.000004
0.003045
0.000030
0.000005

HOHOWOoOZErrRuHODOMEYOO®E >

*Analyses performed by LFE.

Vegetation (Algae)**

238Pu
Concentration
Location (nc/g)
L 0.111
F 0.00239

Fish (Edible Portion)

238Pu
Concentration
Location (nc/g)
Pond (Blue Gill) 0.00000079
Canal (Carp) 0.00000512
River (Carp) 0.00000531

**Analyses performed by Mound Laboratory.
***Samples taken on banks near locations of sediment samples,



PLUTONIUM-238 CONCENTRATION
OF AIR SAMPLES

COLLECTED BY MOUND LABORATORY

IN THE MIAMISBURG PARK
NEAR THE MIAMI-ERIE CANAL



AIR SAMPLING DATA COLLECTED
ONE FOOT ABOVE THE GROUND
IN THE MIAMISBURG PARK AREA

239Pu 238Pu
(uc/ce) (uc/ce)
3.5 x 1077 5.6 x 10°¢
9,2 x 10717 7.2 x 107*®
3.7 x 10°17 1.9 x 10°'°®
Average 5.5 x 107" 3.2 x 107'®



PLUTONIUM-238 CONCENTRATION
OF SEDIMENT SAMPLES

COLLECTED BY BOWSER MORNER TESTING LABORATORY
MIAMISBURG, OHIO

IN THE GREAT MIAMI RIVER
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