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X-Ray Fluorescence (XRF) 
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• “Point & shoot” metals analysis 
•  Measure by 

•  Gun window directly on ground 
(drawback is high sampling error) 
•  Prepared soil in special cup (typically 
soil is ground) 
•  Prepared soil in plastic bag: average 
multiple shots per bag (reduces sampling 
error without grinding; check for bias from 
the plastic) 
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Former Sites of Galena Mine  

and Lead Smelter  
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Area of Mining  
Activity 

Campsites 

Pond 

Records on mining & production 
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Site Photos 
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Campground 

Mine Shaft 
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Campsite size = 
1500 sq ft each 



Study Questions  
• Does the mean Pb concentration in the fine 

particulate fraction (<250 µm = 60 mesh) of surface 
soil (0-2 inches) in any campsite exceed the risk-
based screening level? 

• Does the mean Pb concentration in the subsurface 
(2-4 inches, fine fraction) in the 2 campsites where 
the smelter was located (#1 and #2) exceed the risk-
based screening level? 
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Reality Check 
The Incremental Sampling IDEAL: 
30 increments per incremental sample (IS) 
3 replicate ISs per DU 
Total of 10 DUs (6 surface DUs + 2 bkgd DUs +   
                   2 subsurface DUs) 

= 900 increments of surface soil + 180 hand-dug pits 

Would bust grant budget; really needed given that the 
campsites are only 1500 sq ft each? 
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Pilot Study Approach 
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Use in-situ XRF to 

Estimate mean & variability 
across campsites 

Identify high conc areas 

Design a site-specific IS 
approach 



Results of In-Situ XRF 
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1 2 3 

4 5 6 
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Incremental Sampling Design 
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Collecting IS Samples 
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IS Sample Processing 
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A QC Check for XRF 

Real-time Data Processing 

Note: Instrument is not moved 
between these replicate shots 



Summary of Data 
Campsite # DU depth # incr # IS repls Result/mean SD of repls 

1 0-2 in 30 3 1316 75 
1 2-4 in 15 1 1724 N/A 

2 0-2 in 30 3 2331 284 
2 2-4 in 15 1 3571 N/A 

3 0-2 in 15 1 106 N/A 

4 0-2 in 15 1 444 N/A 

5 0-2 in 15 1 310 N/A 

6 0-2 in 15 1 190 N/A 

Future C-site 0-2 in 15 1 134 N/A 

Bkgd #1 0-2 in 30 1 42 N/A 

Bkgd #2 0-2 in 30 1 32 N/A 
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Partitioning Sources of Error 
from 3 IS Repls     from 4 readings    by subtraction 
             on the bag 
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Reducing uncertainty requires more 
increments per incremental sample 



95% UCLs for Campsites 1 & 2 Surface DUs 
• Calculated from results of 3 (30-incr each) replicate ISs 
• Each replicate result represents a physical mean 
• Example for DU1: 
 

DU 1 Repl. Pb, mg/kg 

1 1,324 
2 1,386 
3 1,237 

Grand Mean 1,316 
SD (SEmean) 75 

%RSD 6 
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95% UCLs for Campsites 1 & 2 Subsurface DUs 
Steps 1 & 2 

• No replicates collected (no DU-specific SD); 15 incr per IS 
• Derive subsurface SD using relationship between Std Error of  

the mean (= the SD of the IS replicates) & SD of the increments 
 
 

nSDSD replsincr =90

710907590 ==incrSD

SD of the 3 IS replicates (of 30 
incr each) for DU 1 (surface soil) 

Step 1 Step 2 

Now calculate SE when have 15 incr. 

n
SD

SE incr
incrmean

90
)15( =

183
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16 

nSDSDSE incrreplsincrmean ÷== 90)90(



95% UCLs for Campsites 1 & 2 Subsurface DUs  
Step 3 

• We now have an estimate for the SD between 3 
simulated replicates of 5 increments each 

• Using equation for t-UCL as before: 
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Pb conc from the single 15-incr. subsurface IS;   
treated as a simulated average of 3 replicate 5-incr ISs 
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3
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For DU 1 subsurface: 
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Deriving UCLs For Campsites 3-6 & F 

• By in-situ XRF: low concentrations & low variability 
• Surface (0-2 inches) only 
• 15 increments per IS; 1 IS per DU so no within-DU SD 
• Group Campsites 3-6 & F together 
• Use ProUCL to plot the low conc group’s data (n = 5); 

calculate group’s SD & UCL 
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Statistical Distribution for Low-conc DUs 

ProUCL Q-Q Plots 

Raw data Log-transformed 
data 
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Low-conc DU Group UCL Calculation 

ProUCL 
output  

 

UCL for the low conc 
group (DUs 3-6 & F) 

= 505 mg/kg 
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Putting An Upper Bound on Uncertainty 
For the Means of Individual DUs 

• Mean of ISs from DUs 
3-6, F = 237mg/kg 

• Mean-to-UCL width for 
between-DU variability                         
505-237 = 268 

 

DU 
Pb IS 

Result, 
ppm 

Measure of 
Uncertainty 

Pb Mean + 
Uncertainty, 

ppm 

3 105 268 373 

4 444 268 712 

5 310 268 578 

6 190 268 458 

F 134 268 402 
Use as a conservative  
estimate of within-DU 

uncertainty 
These will be compared to the screening level 
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Summary 
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CSM 

FAM 

IS 

• Field analytical method (XRF) used to 
firm CSM & guide IS design 

• <30 increments reasonable since     
DU areas are very small 

• Estimates of variability extrapolated      
across DUs that belong to the same 
concentration population 

• Penalty paid in higher UCLs, but 
acceptable given distance from SL 
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