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CONCENTRATIONS OF RADIONUCLIDES AND TRACE ELEMENTS IN 
SOILS AND VEGETATION AROUND THE DARHT FACILITY DURING 2004 

 
by 
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ABSTRACT 
 

Samples of soil, sediment, and unwashed overstory and understory 
vegetation were collected at four locations around the Dual-Axis 
Radiographic Hydrodynamic Test (DARHT) facility at Los Alamos National 
Laboratory (LANL). All samples were analyzed for concentrations of 3H, 
137Cs, 90Sr, 238Pu, 239,240Pu, 241Am, 234U, 235U, 238U, Ag, As, Ba, Be, Cd, Cr, Cu, 
Hg, Ni, Pb, Sb, Se, and Tl. These results, which represent five years since the 
start of operations, were compared with baseline statistical reference level 
(BSRL) data established over a four-year-long preoperational period prior to 
DARHT operations, and to LANL and U.S. Environmental Protection 
Agency Screening Action Levels (SALs).  Most radionuclides and trace 
elements in soil, sediment, and vegetation were below BSRL values and those 
soils/sediments that were above BSRLs were far below SALs.   

 
______________________________________ 

 

 

I. INTRODUCTION 

The U.S. Department of Energy (DOE) prepared and issued a Mitigation Action Plan 

(MAP) for the Dual-Axis Radiographic Hydrodynamic Test (DARHT) facility in response to a 

Record of Decision (USDOE 1995a) for the DARHT Environmental Impact Statement (USDOE 

1995b). The DARHT MAP documents, in part, the DOE’s commitment to protect natural and 

cultural resources during the construction, operation, and decommissioning phases of the 

DARHT facility (USDOE 1996). One of the initial tasks identified in section VIII.A.1. (a) of the 

MAP mandates measurement of baseline concentrations of radioactive and stable materials 

through the collection and analysis of soils, invertebrates, plants, mammals, birds, and animals 

killed accidentally on Los Alamos National Laboratory (LANL) roads near the DARHT facility 

during the construction phase.  
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A final report was issued in 2001 summarizing all of these environmental data collected 

during the construction phase (1996 through 1999) and prior to any operational events, thus 

establishing baseline statistical reference level (BSRL) values for potential environmental 

contaminants in soils, sediments, vegetation, small mammals, birds, and bees at the DARHT 

facility (Nyhan et al., 2001a). The BSRL is defined as the mean plus two standard deviations of 

the data.  One portion of this report dealt specifically with BSRL values in soils, sediments, and 

vegetation (Fresquez et al., 2001). 

The objective of this ongoing monitoring study is to compare concentrations of 

radionuclides and trace elements in soils, sediments, and vegetation around the DARHT facility 

collected in 2004 with BSRLs.  These data reflect five years of monitoring since the beginning of 

operations in 2000.  

 

II. METHODS AND MATERIALS 

a. Soil and Sediment Sampling 

Four composite soil surface samples were collected in April of 2004 with a stainless steel 

soil ring 10 cm (4 in.) in diameter driven 5 cm (2 in.) into the soil (ASTM 1990) approximately 

24 m (80 ft) away, but within the large berm wall, from the east, south, and west sides of the 

DARHT facility at Technical Area (TA) 15 (Fresquez 1996) (Figure 1).   

At each site, samples of soil were collected from the center and corners of a square area 

10 m (32 ft) per side; the five subsamples were combined and mixed thoroughly in a three-gallon 

Ziploc® bag to form a composite sample. Four sediment grab samples were also collected at the 

0- to 15-cm (0- to 6-in.) depth with a stainless steel scoop within four drainage channel/ponding 

areas originating from the DARHT facility on the north, east, south, and southwest sides. Most 

of the sediment material on the north side was a result of erosion off the berm wall; whereas, 

sediments from the other sites were from erosional processes off the grounds themselves. 

All soil and sediment samples collected for radiological analysis were placed in 

prelabeled 500-mL polypropylene bottles, and prelabeled 125-mL polypropylene bottles were 
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used for trace element analysis. All containers were fitted with chain-of-custody tape, placed into 

individual Ziploc® plastic bags, transported in a locked ice chest cooled to approximately 4 °C, 

and submitted to Paragon Analytics, Inc., for the analysis of trace elements (Ag, As, Ba, Be, Cd, 

Cr, Cu, Hg, Ni, Pb, Sb, Se, and Tl) and radionuclides (3H, 137Cs, 238Pu, 239,240Pu, 90Sr, 241Am, and 
totU).  

All methods of analysis have been previously reported (Purtymun et al. 1987; Fresquez et 

al., 1996a, 1996b; Nyhan et al., 2001a, 2001b).  Results are reported in pCi/mL (of soil moisture) 

for 3H, pCi/g dry soil for all the other radioisotopes, and µg/g (ppm) for trace elements (dry 

weight basis) (see Nyhan et al. [2002] for a detailed description of total propagated analytical 

uncertainty [TPU]).   

b. Vegetation Sampling 

Vegetation samples were collected from overstory (trees) and understory (grasses and 

forbs) materials in June of 2004 as close as possible to the soil sampling locations. Overstory 

samples, mostly ponderosa pine (Pinus ponderosa), consisted of tree-shoot tips approximately 

2.5 to 5 cm (1 to 2 in.) in length at the 1.2- to 1.5-m (4- to 5-ft) height (Fresquez et al., 1996b). 

One pine selected for overstory sampling was used as the center of the understory sample plot.  

Undestory samples were collected from the corners and center of a 10-m by 10-m (32-ft by 32-ft) 

square.  Samples consisted of 0.9 to 1.4 kg (2 to 3 lb) of fresh, composited material and were 

double bagged in labeled Ziploc® plastic bags before transport to the Meteorology and Air 

Quality Group laboratory at TA-21 in locked ice chests. At the laboratory, each unwashed 

sample was divided into three subsamples for preparation and analyses of 3H, other 

radionuclides, and trace elements.  

Subsamples for 3H analysis were placed in an apparatus to collect distillate water (Salazar 

1984). Vegetation subsamples for trace element analysis were dried at 70 °C for 48 h then 

ground in a Wiley mill equipped with a 40-mm screen. The remaining portion of each subsample 

was placed in 1-L glass beakers and ashed at 500 °C for 120 h, pulverized and homogenized after 

ashing, transferred to labeled 500-mL polypropylene bottles, and, with the distillate samples, 

submitted under full chain-of-custody. Paragon Analytics, Inc., analyzed the vegetation samples 

for radionuclides (3H, 137Cs, 238Pu, 239,240Pu, 90Sr, 241Am, and totU) and trace elements (Ag, As, 
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Ba, Be, Cd, Cr, Cu, Hg, Ni, Pb, Sb, Se, and Tl). Results were reported in pCi/mL of tissue 

moisture for 3H, pCi/g of ash for the other radionuclides, and trace elements are reported in µg/g 

dry (see Nyhan et al. [2002] for a detailed description of TPU).  

c. Determining the Composition of Uranium 

To determine the source of U in soils and vegetation at the 99% confidence level, the U 

isotopic distribution of 234U and 238U, which for naturally occurring U is one, was assessed using 

the following steps: (1) the difference between 234U and 238U was calculated, (2) the squares of 

their uncertainties were summed and then the square root of this number was taken, (3) the 234U 

and 238U difference was divided by the pooled square root, (4)  if the result was greater than 3, 

then it was observed whether the 234U value or the 238U value was larger, (5) if the 234U value 

was larger, then excess enriched U was indicated.  Conversely, if the 238U value was larger, then 

excess depleted U was indicated. 

 

III. RESULTS 
Analytical reports for individual sample assays are attached as Appendices A through D.  

a. Surface Soils and Sediments 

Results of radionuclides determined in soils and sediments collected during 2004 are 

shown in Table 1.  Most soil and especially sediment samples contained radionuclide 

concentrations that were either nondetectable (i.e., results are lower than three times the TPU 

level; this is the 99% confidence level) or below BSRL values.  Also, most radionuclide 

concentrations in DARHT soils and sediments were generally similar to radionuclide 

concentrations found in regional background concentrations (Fresquez et al., 2004a).   

Radionuclides that were above the BSRLs included concentrations of 137Cs and 238U in 

three out of the four soil samples and 239,240Pu and 241Am in one out of the four soil samples.  

These data, at least for 137Cs and 238U, exhibited similar results in past years (Nyhan et al., 2002, 

Fresquez et al., 2004b).  Some of the soil samples had ratios consistent with depleted U.  All 

values, however, were far below SALs.  SALs were developed by the Environmental Restoration 

Project at the Laboratory to identify the contaminants of concern on the basis of a conservative 

(residential) 15-mrem/yr protective dose limit (ER 2001). Therefore, the concentrations and 



 

Table 1.  Radionuclide concentrations (analytical uncertainty at three sigma) in surface soil and sediment collected 
around the DARHT facility in 2004.a  (Note: Bold values are greater than both the TPU and BSRL.) 
 

Location 
3H 

(pCi/mL)b 
90Sr 

(pCi/g dry) 
137Cs 

(pCi/g dry) 
238Pu 

(pCi/g dry) 
239,240Pu 

(pCi/g dry) 
241Am 

(pCi/g dry) 
234U 

(pCi/g dry) 
235U 

(pCi/g dry) 
238U 

(pCi/g dry) 
Soil          

North 
0.10  

(0.44) 
0.14  

(0.26) 
0.063  

(0.083) 
0.0010 

(0.0072) 
0.0030 

(0.0077) 
0.0061 

(0.0087) 
1.7 

 (0.47) 
0.098  

(0.065) 
3.2 e 

(0.86) 

East 
0.22 

 (0.45) 
0.060  

(0.21) 
0.41 

 (0.13) 
0.0031 

(0.0056) 
0.012  

(0.010) 
0.0097 

(0.0098) 
2.4  

(0.65) 
0.13  

(0.080) 
3.3 

 (0.89) 

South 
0.17  

(0.44) 
0.040 

 (0.23) 
0.32  

(0.17) 
0.00010 

(0.0062) 
0.029  

(0.018) 
0.0076 

(0.0081) 
1.5  

(0.42) 
0.10 

 (0.066) 
1.8 

 (0.48) 

West 
0.11 

 (0.44) 
0.11  

(0.23) 
0.41 

 (0.21) 
-0.0014 
(0.0057) 

0.017  
(0.019) 

0.012  
(0.010) 

2.0 
 (0.54)  

0.065  
(0.051) 

2.4  
(0.63) 

          
BSRLc 0.53 0.34 0.27 0.003 0.017 0.008 2.4 0.10 2.2 
SALd 6,400 5.7 5.3 49 44 39 63 17 86 
          
Sediment          

North 
0.030 

 (0.44) 
0.060 

 (0.18) 
0.14 

 (0.10) 
0.00080 

(0.0062) 
0.0033 

(0.0062) 
0.0015 

(0.0054) 
1.5  

(0.42) 
0.073  

(0.053) 
2.1 

 (0.57) 

East 
0.14  

(0.60) 
0.010  

(0.23) 
0.34 

 (0.13) 
0.0035 

(0.0075) 
0.0079 

(0.0081) 
0.0044 

(0.0071) 
2.5  

(0.68) 
0.14 

 (0.83) 
2.8  

(0.75) 

South 
-0.10  
(0.44) 

0.10 
 (0.21) 

0.19  
(0.17) 

-0.00080 
(0.0057) 

0.0063 
(0.0089) 

0.0046 
(0.0057) 

1.3  
(0.38) 

0.081  
(0.057) 

1.8  
(0.50) 

Southwest 
-0.04  
(0.57) 

-0.050  
(0.20) 

0.075  
(0.087) 

0.0021 
(0.0077) 

0.0  
(0.0077) 

0.0070 
(0.0074) 

0.89 
 (0.27) 

0.067  
(0.048) 

1.4 e 
 (0.39) 

          
BSRL 0.90 0.26 0.51 0.005 0.026 0.015 3.7 0.16 3.3 
SAL 6,400 5.7 5.3 49 44 39 63 17 86 
aSee Figure 1 for sample location points. 
bConcentration for 3H is based on soil moisture: a value of 6,400 is equivalent to a Screening Action Level (SAL) value of 890 pCi/g 3H for a soil at a 
water content of 12%. 
cBaseline Statistical Reference Level (Fresquez et al., 2001b). 
dLos Alamos National Laboratory Screening Action Level (ER 2001). 
eComprised of depleted U. 
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distributions of all observed radionuclides in soils from all locations collected in 2004 are of no 

significant health concern. 

Most trace elements in soil and sediment samples collected at the DARHT facility were 

below BSRLs (Table 2).  The metals that were above the BSRLs included Be in one soil sample 

nearest the firing point and Se and Tl in some samples.  Amounts were just above the BSRL, 

however, and were still within the statistical range of concentrations normally found within the 

Laboratory boundary (Longmire et al., 1996) and far below the U.S. Environmental Protection 

Agency SALs. In the last two years, we found elevated concentrations of Sb in many of the 

soil/sediment sampling locations.  This year, the Sb concentrations in all of the soil/sediment 

samples were at normal levels.    

b. Vegetation Samples 

Results of radionuclide concentrations in overstory and understory vegetation collected 

around the DARHT facility during 2004 can be found in Table 3.  Most radionuclides, with the 

exception of 238U in overstory vegetation, were either nondetectable or within BSRL values.  All 

of the overstory vegetation samples collected around the DARHT facility contained 238U 

concentrations just above the BSRL and correlates very well with the 238U concentrations in 

soils.  The U on all of the overstory (and some understory) plants had 234U and 238U ratios 

consistent with that of depleted U. 

Results of the trace element concentrations in overstory and understory vegetation 

collected around the DARHT facility in 2004 can be found in Table 4.  Most trace elements, with 

the exception of Cu and Se in overstory and Se in understory vegetation, were below the BSRL 

values.  Copper and Se concentrations in overstory and Se in understory vegetation are similar to 

past years, albeit they do not correlate very well with the soil’s data.  The consequences of 

elevated Cu and particularly Se in plants is discussed in Nyhan et al. (2003). 



 

Table 2.  Total trace element concentrations (µg/g dry) in surface soils and sediments collected around the DARHT 
facility in 2004.a  (Note: Bold values are greater than both the reporting limit and the BSRL.) 
 

 
Location Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl 
Soil              
North Ub 2.4 110 1.2 U 6.7 5.8 0.014 5.9 8.8 U 0.80 0.76 
East U 2.4 83 0.68 U 6.7 5.5 0.013 5.0 9.8 U U U 

South U 2.5 95 0.79 U 6.6 4.7 0.012 4.8 11 U 0.65 0.64 
West U 2.4 130 1.1 U 7.7 6.4 0.020 5.9 11 U 0.69 U 

              
RL 0.57 0.57 0.23 0.23 0.28 0.57 0.57 0.012 1.1 0.17 0.45 0.28 0.45 
BSRLc 1.6 3.2 147 1.1 0.52 14 7.0 0.040 9.6 14 0.40 0.55 0.40 
SALd 390 6.1 5400 150 39 210 2900 23 1600 400 31 390 5.5 
              
Sediment              
North U 2.4 98 0.76 U 6.8 5.5 U 5.8 9.1 U 0.52 0.58 
East U 1.8 53 0.47 U 6.7 3.9 U 4.2 7.6 U U U 

South  U 1.9 92 0.77 U 5.7 5.0 U 4.4 9.3 U U U 
Southwest U 1.7 66 0.62 U 5.0 4.6 U 4.5 7.1 U 0.49 U 
              
RL 0.57 0.57 0.23 0.23 0.28 0.57 0.57 0.012 1.1 0.17 0.45 0.28 0.45 
BSRL 1.6 3.5 161 1.2 0.55 12 7.9 0.040 9.5 15 0.38 0.43 0.30 
SAL 390 6.1 5400 150 39 210 2900 23 1600 400 31 390 5.5 
aSee Figure 1 for sample location points.  
bUndetectable; the analyte was analyzed but not detected above the reporting limit. 
cBaseline Statistical Reference Level (Fresquez et al., 2001b). 
dEPA Screening Action Level (USEPA 2000). 
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Table 3. Radionuclide concentrations (analytical uncertainty at three sigma) in overstory and understory vegetation 
collected around the DARHT facility in 2004.a  (Note: Bold values are greater than both the TPU and BSRL values.) 
 

 
Location 

3H  
(pCi/mL)b 

90Sr 
(pCi/g ash) 

137Cs 
(pCi/g ash) 

238Pu 
(pCi/g ash) 

239,240Pu 
(pCi/g ash) 

241Am 
(pCi/g ash) 

234U 
pCi/g 
 ash 

235U 
pCi/g  
ash 

238U 
pCi/g  
ash 

Overstory          

North 
0.33  

(0.38) 
1.1  

(0.28) 
-0.01 
(0.84) c c 

0.0016 
(0.0021) 

0.44 
(0.11) 

0.031 
(0.012) 

2.0 d 
(0.48) 

East 
0.65  

(0.41) 
6.9 

(2.4) 
0.30 

(0.83) 
-0.0005 
(0.0047) 

0.0031 
(0.0047) 

0.0014 
(0.0078) 

0.53 
(0.13) 

0.054 
(0.021) 

3.6 d 
(0.86) 

South 
0.47 

 (0.39) 
4.4 

(1.5) 
-0.36 
(0.78) 

-0.0002 
(0.0051) 

0.0033 
(0.0051) 

0.0014 
(0.0080) 

0.24 
(0.065) 

0.013 
(0.0087) 

0.81 d 
(0.20) 

West  
0.49  

(0.39) 
7.1  

(2.6) 
0.17 

(0.87) 
-0.0018 
(0.0045) 

0.0025 
(0.0047) 

0.0 
(0.0060) 

0.22 
(0.060) 

0.020 
(0.011) 

0.80 d 
(0.20) 

          
BSRLe 1.0 8.0 1.3 0.028 0.0060 0.016 0.73 0.031 0.65 
          
Understory          

North 
0.25  

(0.36) 
0.61  

(0.23) 
-0.20 
(0.66) 

0.0003 
(0.0050) 

0.0037 
(0.0071) 

0.0007 
(0.0066) 

0.19 
(0.053) 

0.011 
(0.0077) 

0.38 d 
(0.099) 

East 
0.27 

 (0.38) 
0.71 

 (0.26) 
-0.50  
(0.63) 

0.0020 
(0.0051) 

-0.0010 
(0.0050) 

0.0 
(0.0071) 

0.076 
(0.026) 

0.010 
(0.0083) 

0.35 d 
(0.090) 

South 
0.25  

(0.36) 
1.2 

 (0.44) 
0.16  

(0.56) 
0.0002 

(0.0047) 
0.0026 

(0.0048) 
-0.0005 
(0.0071) 

0.026 
(0.012) 

0.0005 
(0.0039) 

0.036 
(0.015) 

West  
0.24 

 (0.36) 
0.65 

 (0.24) 
0.15 

(0.68) 
-0.0007 
(0.0050) 

-0.0005 
(0.0050) 

0.0046 
(0.0071) 

0.040 
(0.016) 

0.0049 
(0.0056) 

0.053 
(0.020) 

          
BSRL 1.0 4.8 0.98 0.0040 0.013 0.011 1.1 0.045 0.96 
aSee Figure 1 for sample location points. 
b Concentration for 3H is based on moisture in vegetation.  
c Lost in analysis. 
d Comprised of depleted U. 
e Baseline Statistical Reference Level (Fresquez et al., 2001b). 
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Table 4.  Total trace element concentrations (µg/g dry) in overstory and understory vegetation collected around the 
DARHT facility in 2004.a  (Bold values are greater than both the reporting limit and BSRLs.)  
 
Location Ag As Ba Be Cd Cr Cu Hg Ni Pb Sb Se Tl 
Overstory              
North   U b U 11 U U U 6.8 0.010 1.2 1.0 U 0.59 U 
East U U 24 U U U 6.0 U U 3.6 U 0.38 U 
South U U 32 U U U 5.4 U U 2.8 U 0.51 U 
West U U 44 U U U 7.2 0.011 U 4.9 U 0.57 U 
              
RLc 0.50 0.50 0.20 0.20 0.25 0.50 0.50 0.010 1.0 0.15 0.40 0.25 0.40 
BSRLd 1.0 0.28 68 0.13 0.56 1.0 4.6 0.060 5.0 6.1 8.6 0.35 0.27 

              
Understory              
North U U 28 U U U 10 U U 0.77 U 0.47 U 
East U U 23 U U U 6.5 U U 0.78 U 0.57 U 
South U U 20 U U U 6.5 U 1.4 0.40 U 0.65 U 
West U U 19 U U U 7.3 U U 1.1 U 0.62 U 
              
RL 0.50 0.50 0.20 0.20 0.25 0.50 0.50 0.010 1.0 0.15 0.40 0.25 0.40 
BSRLd 1.1 0.28 82 0.12 0.56 0.77 12 0.090 5.6 3.3 8.5 0.27 0.27 
a See Figure 1 for sample location points. 
bUndetectable; the analyte was analyzed but not detected above the reporting limit. 
c Reporting Limit 
d Baseline Statistical Reference Level (Fresquez et al., 2001b). 
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IV. CONCLUSIONS  

Most radionuclides and trace elements in soils, sediments, and vegetation were within 

baseline data collected prior to active operations at DARHT.  The few radionuclide and 

nonradionuclide elements in soils/sediments that were recorded above preoperational 

concentrations were far below LANL and U.S. Environmental Protection Agency SALs and do 

not pose a human health or an environmental hazard.  
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ANALYTICAL DATA REPORTS OF RADIONUCLIDE CONCENTRATIONS IN 

SOILS AND SEDIMENTS COLLECTED AROUND THE DARHT FACILITY 
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APPENDIX B 
 

ANALYTICAL DATA REPORTS OF TRACE ELEMENT CONCENTRATIONS 

IN SOILS AND SEDIMENTS COLLECTED AROUND THE DARHT FACILITY 
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APPENDIX C 

 

ANALYTICAL DATA REPORTS OF RADIONUCLIDE CONCENTRATIONS IN 

UNDERSTORY AND OVERSTORY VEGETATION COLLECTED AROUND 

THE DARHT FACILITY DURING 2004 
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ANALYTICAL DATA REPORTS OF TRACE ELEMENT CONCENTRATIONS 
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