
OJT Training Module Cover Sheet 
Title:  812 How to convert data to information for the customer. 
 
Type:         X  Skill         Knowledge 
Performance Objective: Trainee will be able to…  

• Assemble reports for EMI investigations that address customer objectives.  
• Prepare reports that are understandable to all who may read them. 
 

Target Proficiency:   
 Awareness    Understanding   Perform w/ Supervision  
 X Apply Independently  Proficiency, can teach others 

Trainer Preparation: 
• Trainer should be familiar with the assigned reading/review material in the lesson 

plan that follows. 
 
Special Requirements:   
Initiate an external learning request with a SF-182 in Aglearn for this activity. Instructions 
and a template are located on the training webpages for OJT modules. 
 
Prerequisite Modules:  
 None 

Notes:   
None 
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Marc Crouch 
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The Five-Step OJT Cycle for Procedural Training 
(Skill) 

    Cycle Step 5        Cycle Step 1 
    Trainer/Trainee                       Trainer/Trainee 
         debrief                               establish shared 
                                                    mental model 
 
 
 
 
            Trainer 
               and 
Cycle Step 4             Trainee             Cycle Step 2 
Trainer observes                                   Trainer 
Trainee perform                               demonstrates 
task and gives                              task as Trainee 
feedback                                            observes 
                           Cycle Step 3 
                        Trainer coaches as 
                         Trainee performs 
                                 task 



OJT Module Lesson 
Title:  812 How to convert data to information for the customer. 

WHAT WHY, WHEN, WHERE, HOW, SAFETY, QUALITY 

Cycle step 1 

Trainer and trainee review objectives of module. 
 
Trainer and trainee read/review: 

• Attached examples: 
o NJ EMI trip report examples.pdf 
o NSSC EMI trip report.pdf 

• Examples provided by trainer 
• Optional: attached template example 

o NJ EMI trip report template.doc(template) 
 

Cycle step 2 

Trainer uses selected examples to show trainee how to provide 
the following: 

• Cover letters 
• Stating study objectives 
• Equipment used 
• Overview of study needs 
• Study design; layout and groundtruthing 
• Observations and results  
• Attachment of appropriate data and maps 

Optional: 
• Review use of a trip report template 
  

Cycle step 3 
Trainer coaches trainee as trainee prepares a report for a current 
study. 

Cycle step 4 
Repeat cycle step 3 without coaching whenever possible. 
 

Cycle step 5 
Trainer can debrief trainee and address any concerns.  

 



OJT Module Lesson Measurement of Learning 
Title:  812 How to convert data to information for the customer. 

WHAT WHY, WHEN, WHERE, HOW, SAFETY, QUALITY 
Trainee’s learning is measured. During project activities, assign this task to the 

trainee. Sign off on performance when target 
proficiency is achieved. 

 
 
 
 

SF-182 
 
Trainee and/or supervisor access Aglearn to verify completion of the module via its 
SF-182. 
 

  
 


	SF-182
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Monday, June 06, 2011 
 
 
FROM: 
Edwin Muñiz 
Soil Scientist 
USDA NRCS 
220 Davidson Ave. 4th Floor 
Somerset, NJ 08873 
 
TO: 
Mona Peterson 
District Conservationist  
USDA-NRCS 
51 Cheney Road, Suite 2 
Woodstown, NJ 08098 
 
 
SUBJECT:  Site Evaluation and Investigation 
FIELD DATE: May 10, 2011 
REPORT DATE: June 6, 2011 
 
Project Information 
 
Proposed project:  EMI and GPR study for animal waste storage system.  
Location: Exact study locations have been located with the use of the EMI and GPR equipment.  A map showing 
approximate locations of the study area is included with this report. 
Assistance requested: On-site study to provide information on soil suitability for an animal waste storage system.  
Site specific soils evaluation are needed within a very small area to determine the suitability of the soils for the 
intended use. The scale of mapping in the published soil survey is inadequate for the intensive planning intended. 
Who requested: USDA NRCS Woodstown Field Office.  
 
Participants 
 
Edwin Muñiz-USDA Soil Scientist 
Jim Doolittle-USDA Research Soil Scientist 
Fred Schoenagel-USDA Resource Soil Scientist 
Rob Tunstead-USDA Soil Scientist (MLRA Office Leader) 
Uziel Torres-USDA Soil Conservationist 
Claire Steager-USDA Civil Engineering Technician 







 


 


Observations 
• Site evaluation conducted with the use of the EMI Profiler at three different frequencies 


o  Figure 1 showed high concentrations of salt in the soil profile as a result of existing management 
practices. 


o This pattern correlates to the topography and surface runoff in the study area. 
o This information can be use as a base line and used as a quantifier for conservation practices 


installed in the future. 
• Site evaluation conducted with the use of the GPR to located buried structure 


o Figure 2 showed the location of study with the GPR to locate any buried structure that could delay 
any planned construction. 


o Figure 3 did not show any soil disturbance or buried structures. 
 
Recommendations  


• It is recommended a follow up to observe if the condition of high concentrations of salt improved after the 
installation any of the recommended conservation practices. 


 
 
Edwin Muñiz 
Soil Scientist 
 
 
cc.: Ron Taylor, State Soil Scientist, New Jersey 







 


 


  


Figure 1 







 


 
Figure 2 







 


 


 


Figure 3 
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Tuesday, June 05, 2012 
 
FROM: 
Edwin Muñiz 
Soil Scientist 
USDA NRCS 
220 Davidson Ave. 4th Floor 
Somerset, NJ 08873 
 
TO: 
Dan Mull 
District Conservationist  
USDA-NRCS 
Hackettstown Commerce Park  
101 Bilby Road, Building 1-H  
Hackettstown, NJ 07840 
 
SUBJECT:  Trace metal study follow-up 
FIELD DATE: May 31, 2012 
REPORT DATE: June 5, 2012 
 
PROJECT INFORMATION 
 
Proposed project: 


Using the X-ray fluorescence analyzer technology to determinate concentrations of several trace metals in 
an area utilized for urban farming.  


 
Location: 


Eastside Park in Paterson, New Jersey. 
 
Procedure: 


The data was collected at several depths from the soil surface with the Innov-X X-ray Fluorescence 
Environmental Analyzer by Olympus and georeferenced with the Archer Hemisphere Global Positioning 
System. The data was processed in MS-Excel to compare the results with the soil remediation standards 
established by New Jersey DEP in September 2009 and the University of Connecticut Soil Nutrient Analysis 
Laboratory suggested action range for lead. The samples with concentrations over the New Jersey soil 
remediation standards were highlighted in red except for the lead, where the samples were given a color code 
according with the Connecticut recommendations. In GIS, a point type map was created to locate the sampling 
sites. The sampling was conducted by analyzing a compost pile, one site down the slope and just outside the farm 
boundary, and two areas selected by the results of the electromagnetic induction analyses. The last two sites 
were sampled at different depths to assess the increase or decrease in total arsenic concentrations. 
 
Additional data was collected with the multi-frequency electromagnetic induction tool Profiler EMP-400 
manufactured by Geophysical Survey Systems, Inc. The data was analyzed in Surfer 10 by Golden 
Software and generated conductivity maps at three different depths to locate any salt intrusions in the soil 
profile. 
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Arsenic and Lead Summary Data: 


Point Depth 
(inches) XRF ID Arsenic1 Lead2 pH Matrix Color USDA Texture 


1 Surface 5 ND 9.3    
2 Surface 6 ND 14.8    


3 


0-3 8 25 277    
3-8 9 61 239 5.0 10YR 2/2 Silt loam 


8-19 10 7.6 48 5.5 5YR 4/3 Fine sandy loam 
19-27 11 4.7 22.7    


4 


0-7 12 28 139    
7-11 13 74 231    
11-14 14 82 37    
14-27 16 207 15.1    
27-32 18 137 26.3    
32-40 19 36.4 16.5    


5 
0-8 20 49 256    


8-15 21 29 88    
15-22 22 6.3 29.8    


ND = Non detected 
 
Observations3: 


• The data generated from the XRF is in total concentration (which includes both fixed and available 
forms). 


• Arsenic was not detected in the compost pile. 
• Point number 3 


o The concentration of arsenic was greater than 19 ppm within 8 inches from the soil surface. 
Those concentrations of arsenic decreased drastically with increasing depth to levels lower 
than 19 ppm. 


o Although the lead concentrations were not over the soil remediation standard for New Jersey 
it was noticed that the readings also decreased with depth. 


• Point number 4 
o The concentration of arsenic was greater than 19 ppm throughout the soil profile to the 


analyzed depth of 40 inches. 
o This concentration increased drastically to a maximum at a depth of 14 to 27 inches from the 


soil surface (207 ppm), and then slightly decreased with depth to 36.4 ppm. 
o According with the data and pattern observed, even though the origin of the arsenic has not 


been identified, it was hypothesized that it may be possible this location could be the point 
source of arsenic in the field.  


o The concentration of lead decreased to less than 100 ppm starting at 11 inches from the soil 
surface. 


• Point number 5 
o The concentration of arsenic decreased with depth, with concentrations greater than 19 ppm in 


the top 15 inches to 6.3 ppm from 15 to 22 inches. 
o The lead followed the same pattern observed in point number 4, were the concentration 


decreased with depth. 
• Electric conductivity 


o The conductivity data did not show any pattern with the concentrations of arsenic or lead 
found in the area. 


 
 


                                           
1 The New Jersey DEP Residential Soil Remediation Standard for Arsenic is 19 ppm. 
2 The New Jersey DEP Residential Soil Remediation Standard for Lead is 400 ppm. 
3 See attached figure and maps 







 


 


Recommendations: 
• Test soil sample for available arsenic based on point data included in this report. 
• Cover exposed soil with mulch or by adding compost. This practice will increase the organic matter in 


the soils helping fixing the trace metals and reduce erosion. 
• Continue monitoring the “hot spot” at the beginning of the next planting season. Currently the depth of 


the maximum As level (14-27 inches) seems to be out of the rooting zone of most plants. 
 
Literature: 


New Jersey Department of Environmental Protection, 2009. Soil Remediation Standards. September 9, 
2009. 
 
National Research Council, 1977. Arsenic: Medical and Biological Effects of Environmental Pollutants. 
Washington, DC: The National Academies Press. 
 
Pettinelli, Dawn, 2008. Lead in Garden Soils. Soil Nutrient Analysis Laboratory, Union Cottage, Depot 
Campus, Mansfield. 


 
 
 
cc.: Richard K. Shaw, State Soil Scientist, New Jersey 



http://www.nap.edu/catalog.php?record_id=9003
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X-Ray Fluorescence Investigation
City Green Farm


Paterson, New Jersey


Sampling Location


1 inch = 20 feet
20 0 20 40 60 8010


Feet


This data set is not designed for use as a primary regulatory tool in permitting
or citing decisions, but may be used as a reference source. This is public
information and may be interpreted by organizations, agencies, units of
government, or others based on  needs; however, they are responsible for the
appropriate application. Federal, State, or local regulatory bodies are not to
reassign to the Natural Resources Conservation Service any authority for the
decisions that they make. The Natural Resources  Conservation Service will
not perform any evaluations of these maps for purposes related solely to State
or local regulatory programs.


Imagery Source: “City Green Community Garden, Paterson,
New Jersey”. 40º55’03.74”N and 74º08’09.14”W. Google Earth.
June 18, 2010. June 4, 2012
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XRF data City Green Farm May 31, 2012


Label Reading P S K Ca Ti Cr Mn Fe Co Cu Zn As Se Rb Sr Zr Mo Ba Hg Pb Unit


Compost pile #5 ND 481 371 1159 13 ND 51.3 41 ND ND 9.6 ND ND 8.1 4.6 ND 2.5 ND ND 9.3 PPM


Compost pile #6 19915 5646 2129 40761 277 ND 2063 5014 ND 490 2205 ND 1.7 14.3 104.1 8.6 3.8 66 ND 14.8 PPM


Site 3 (0-3 in) #8 ND 1681 6721 1604 2388 27 174 14078 84 14 33 25 ND 34.8 35.2 400 ND 169 ND 277 PPM


Site 3 (3-8 in) #9 ND ND 8908 1020 3519 24 1186 19351 114 15 40 61 ND 48 47 697 ND 210 ND 239 PPM


Site 3 (8-19 in) #10 ND ND 7657 802 2697 ND 299 14175 110 13 28.8 7.6 ND 32.1 41.2 450 ND 120 ND 48 PPM


Site 3 (19-27 in) #11 ND ND 7848 694 2735 19 226 14267 106 12 24.8 4.7 ND 29.5 35.3 515 ND 166 ND 22.7 PPM


Site 4 (0-7 in) #12 ND ND 6717 3672 2429 ND 321 13594 ND 20 68 28 ND 32 43.5 379 ND 171 ND 129 PPM


Site 4 (7-11 in) #13 ND ND 7328 3675 2536 32 335 17130 92 28 75 74 ND 32.7 61.6 447 ND 192 ND 231 PPM


Site 4 (11-14 in) #14 ND ND 7764 1646 3124 32 212 8760 ND 33 30 82 ND 29.9 57.6 464 ND 163 ND 37 PPM


Site 4 (14-27 in) #16 ND ND 8524 2209 3332 30 312 17406 95 18 34 207 ND 38.8 53.7 540 ND 173 7.3 15.1 PPM


Site 4 (27-32 in) #18 ND ND 8195 1816 2929 17 336 15552 138 12 33 137 ND 37.6 46.5 483 ND 208 ND 26.3 PPM


Site 4 (32-40 in) #19 ND ND 10164 1982 3744 37 256 22080 158 16 29 36.4 ND 47.2 55.4 598 ND 151 ND 16.5 PPM


Site 5 (0-8 in) #20 ND 1339 6441 2581 2154 32 226 16002 131 ND 49 49 ND 35.6 42.6 466 ND 166 ND 256 PPM


Site 5 (8-15 in) #21 ND ND 9027 2115 3479 36 324 26887 251 14 55 29 ND 58 58.4 648 ND 220 ND 88 PPM


Site 5 (15-22 in) #22 ND ND 8544 885 2603 21 209 13814 84 ND 25 6.3 ND 34.1 37.7 475 ND 127 ND 29.8 PPM


New Jersey Dept. of Environmental Protection 11000 1600 3100 23000 19 16000 23 400 PPM


Soil Remediation Standards


Wednesday, September 02, 2009


Prepared by Edwin.Muniz 6/4/2012 Page 1
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United States Department of Agriculture 
Natural Resources Conservation Service 


New Jersey 
 
 
 
 
 


 
 
 
 
 
 
 
 
 


New York Restoration Project 
Sea Girt Community Garden 
Rockaway Peninsula, Queens 
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Natural Resources Conservation Service  Telephone: (732) 537-6062 
220 Davidson Ave. 4th Floor  Fax: (732) 537-6095 
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Thursday, July 18, 2013 
 
FROM: 
Edwin Muñiz 
Soil Scientist 
USDA NRCS 
220 Davidson Ave. 4th Floor 
Somerset, NJ 08873 
 
TO: 
John Mickelson 
GIS Manager 
New York Restoration Project 
254 W. 31st St. 10th Floor 
New York, NY 10001 
 
SUBJECT:  Trace metal study 
FIELD DATE: January 4, 2013 
REPORT DATE: January 8, 2013 
 
PROJECT INFORMATION 
 
Proposed project: 


Using the X-ray fluorescence analyzer and electromagnetic induction technology to determinate 
concentrations of several trace metals and salts in an area utilized for urban farming.  


 
Location: 


Sea Girt Community Garden, Queens, NY. 
 
Procedure: 


The data was collected in the soil surface and subsurface with the Innov-X X-ray Fluorescence 
Environmental Analyzer by Olympus and georeferenced with the Trimble Global Positioning System. The 
data was processed in MS-Excel to compare the results with the soil remediation standards established by 
New York State Department of Environmental Conservation in December 2006 and the University of 
Connecticut Soil Nutrient Analysis Laboratory suggested action range for lead. The samples with concentrations 
over the New York State soil remediation standards were highlighted in red except for the lead, where the 
samples were given a color code according with the Connecticut recommendations. An interpretations map was 
generated in GIS with spatial analysis for the concentration in the soil surface of lead and arsenic. In GIS, a 
polygon type map was created by inverse distance weighted (IDW) interpolation and estimate areas of possible 
concern. 
 
Additional data was collected with the multi-frequency electromagnetic induction tool Profiler EMP-400 
with a wireless data logger with GPS integrated at 3, 10 and 15 kHz manufactured by Geophysical Survey 
Systems, Inc. The data was analyzed in Surfer 10 by Golden Software and generated a conductivity maps 
by interpretation maps produced with the use of a Kriging interpolation method at three different depths to 
locate any salts intrusions in the soil profile. 
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Observations1: 
• The data generated from the XRF is in total concentration (which includes both fixed and available 


forms). 
• None of the sampled sites showed concentrations of trace metals greater than the New York State Soil 


Cleanup Standard 
• In the case of total lead the data showed the following distribution according with University of 


Connecticut interpretations 
o 59% of the points with concentrations less than 100 ppm with an average of 56 ppm 
o 34% of the points with concentrations greater than 100 but less than 300 ppm with an average 


of 146 ppm 
o 7% of the points with concentrations greater than 300 but less than 400 ppm with an average 


of 341 ppm 
• Of those two points with slightly high concentration of lead one was located in a buried organic layer 


between 35 to 48 centimeters from the soil surface and the second was the surface reading number 30. 
• The same trend it can be observed in the spatial analysis conducted for lead in the soil surface with 


only one small area of concern for leafy vegetables and root crops (Pettinelli, 2008).  
• Arsenic data showed the following distribution according with the New York State Soil Cleanup 


Standard when comparing the limits for residential with  protection of ecological resources (NYDEC, 
2006) 


o 13 % of the points had a concentration greater than the limits for ecological resources with an 
average of 14 ppm 


o 38 % of the points showed concentrations lower than the limits for either residential or 
ecological resources with an average of 8 ppm 


o 49% of the reading were lower that the equipment detection limit 
• The analysis of electric conductivity conducted with the Profiler showed a mean concentration of 1.19 


mmho/cm (SD 2.46), 1.56 mmho/cm (SD 4.09), and 3.76 mmho/cm (SD 16.12) for 15kHz, 10kHz, and 
3kHz respectively. Indicating an increase in conductivity with depth. 


• According with Rutgers Experimental Station levels of conductivity above 1.5mmhos/cm represent an 
excessive salt level reducing nutrient uptake and crop failure. 


• The In-Phase analysis conducted with the Profiler did not show any significant buried artifacts other 
than the noise generate by the metal fence at the left side of the property looking north. 


 
Recommendations: 


• Test soil fertility and electric conductivity before planting. 
• Add and incorporate organic matter to root depth to reduce sal content. 
• Cover exposed soil with mulch or by adding compost. This practice will increase the organic matter in 


the soils helping fixing the trace metals and reduce erosion. 
 
Reference: 


New York State Department of Environmental Conservation. Subpart375-6: Remedial Program Soil 
Cleanup Objectives, 2006. 
 
Pettinelli, Dawn. Lead in Garden Soils. Soil Nutrient Analysis Laboratory, Union Cottage, Depot Campus, 
Mansfield, 2008. 


 


                                           
1 See attached figure and maps 



http://www.dec.ny.gov/regs/15507.html

http://www.dec.ny.gov/regs/15507.html





 


 


XRF Soil Profile Data 
 


Point number Depth 
(cm) S Cl K Ca Ti Cr Mn Fe Co Ni Cu Zn As Rb Sr Zr Ba Pb 


#5 0-8 <LOD <LOD 3940 4111 1489 17 165 6585 <LOD <LOD 31 117 <LOD 16 68 162 93 126 


#6 8-23 1386 <LOD 5872 5378 1773 18 188 8972 <LOD <LOD 46 134 9 20 73 243 88 131 


#7 23-27 <LOD <LOD 5609 3053 691 <LOD 46 3860 <LOD <LOD <LOD 14 <LOD 20 95 100 62 12 


#8 27-35 <LOD <LOD 6366 2829 1211 15 193 6391 <LOD <LOD <LOD 52 <LOD 22 75 372 87 51 


#9 35-48 1266 343 1465 7360 699 10 137 6031 <LOD <LOD 40 449 15 13 56 211 60 348 


#10 48-62 <LOD <LOD 5770 4011 2614 12 275 7012 <LOD <LOD 11 54 <LOD 18 97 452 110 21 


#11 62-75 <LOD <LOD 4288 2144 1323 <LOD 120 5244 <LOD <LOD <LOD 56 <LOD 20 86 229 52 14 
 
 
XRF Satellite Point Data 
 
Point number Point description S Cl K Ca Ti Cr Mn Fe Co Ni Cu Zn As Rb Sr Zr Ba Pb 


#12 raised1 surface 3470 570 5484 14363 2474 25 340 14492 83 <LOD 43 144 <LOD 25 97 184 141 66 
#13 raised1 H1 <LOD <LOD 5871 9972 2011 31 362 20073 178 <LOD 41 133 <LOD 38 102 278 160 111 
#14 raised1 H2 1042 <LOD 5889 7256 2143 <LOD 321 10126 <LOD <LOD 44 111 6 20 72 218 99 66 
#15 raised1 surface 2 2743 571 6343 14741 2240 <LOD 348 16882 <LOD <LOD 35 136 6 30 105 272 122 81 
#16 raised1 H1-2 2129 <LOD 4786 12628 2254 <LOD 513 22407 187 <LOD 51 131 <LOD 28 105 201 171 50 
#17 raised1 H2-2 1520 <LOD 5029 7067 2001 19 258 9869 <LOD <LOD 43 166 <LOD 20 70 171 101 153 
#18 raised2 surface <LOD <LOD 10853 7997 3226 30 420 15735 <LOD 22 20 103 6 34 77 215 182 67 
#19 raised2 H1 <LOD <LOD 7645 8538 2285 34 342 13910 105 <LOD 26 101 7 39 86 294 144 77 
#20 raised2 H2 1267 <LOD 2129 12507 613 14 188 5427 <LOD <LOD 21 133 <LOD 15 76 80 107 83 
#34 site2 pnt4 surf <LOD <LOD 7518 4695 2973 28 198 11871 71 <LOD 25 61 14 30 56 309 183 51 
#35 site2 pnt4 H1 1245 <LOD 4707 7581 1763 18 279 10853 <LOD <LOD 32 169 9 18 66 239 129 173 
#36 site2 pnt4 H2 <LOD <LOD 5169 2812 2118 <LOD 225 6937 <LOD <LOD <LOD 13 <LOD 20 84 402 83 14 
#37 site2 pnt4 H3 <LOD <LOD 5705 2985 1479 <LOD 166 5915 <LOD <LOD <LOD 13 <LOD 22 98 148 88 14 
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This data set is not designed for use as a primary regulatory tool in
permitting or citing decisions, but may be used as a reference source. This is
public information and may be interpreted by organizations, agencies, units
of government, or others based on  needs; however, they are responsible for
the appropriate application. Federal, State, or local regulatory bodies are not
to reassign to the Natural Resources Conservation Service any authority for
the decisions that they make. The Natural Resources  Conservation Service
will not perform any evaluations of these maps for purposes related solely to
State or local regulatory programs.
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Natural Resources Conservation Service  Telephone: (732) 537-6062 
220 Davidson Ave. 4th Floor  Fax: (732) 537-6095 
Somerset, NJ 08873  Web site: www.nj.nrcs.usda.gov 
_____________________________________________________________________________________ 
 
 


 


Wednesday, January 9, 2013 
 
FROM: 
Edwin Muñiz 
Soil Scientist 
USDA NRCS 
220 Davidson Ave. 4th Floor 
Somerset, NJ 08873 
 
TO: 
Dan Mull 
District Conservationist  
USDA-NRCS 
Hackettstown Commerce Park  
101 Bilby Road, Building 1-H  
Hackettstown, NJ 07840 
 
SUBJECT:  Trace metal study 
FIELD DATE: January 4, 2013 
REPORT DATE: January 9, 2013 
 
PROJECT INFORMATION 
 
Proposed project: 


Using the X-ray fluorescence analyzer and electromagnetic induction technology to determinate 
concentrations of several trace metals and salts in an area utilized for urban farming.  


 
Location: 


City Green, Inc. Clifton, New Jersey. 
 
Procedure: 


The data was collected in the soil surface and subsurface with the Innov-X X-ray Fluorescence 
Environmental Analyzer by Olympus and georeferenced with the Trimble Global Positioning System. The 
data was processed in MS-Excel to compare the results with the soil remediation standards established by 
New Jersey Department of Environmental Protection in September 2009 and the University of Connecticut 
Soil Nutrient Analysis Laboratory suggested action range for lead. The samples with concentrations over the 
New Jersey soil remediation standards were highlighted in red except for the lead, where the samples were given 
a color code according with the Connecticut recommendations. An interpretations map was generated in GIS 
with spatial analysis for the concentrations in the soil surface and subsurface for lead and arsenic. In GIS, a 
polygon type map was created by inverse distance weighted (IDW) interpolation to  estimate areas of possible 
concern. 
 
Additional data was collected with the multi-frequency electromagnetic induction tool Profiler EMP-400 
with a wireless data logger with GPS integrated at 3, 10 and 15 kHz, manufactured by Geophysical Survey 
Systems, Inc. The data was analyzed in Surfer 10 by Golden Software and conductivity maps were 
generated with the use of a Natural Neighbor interpolation method at three different depths to locate any 
high concentrations of salts in the soil profile that could generate any problems with nutrient absorption by 
the plants. 
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Observations1: 
• The data generated from the XRF is in total concentration (which includes both fixed and available forms). 
• None of the sampled sites showed concentrations of trace metals greater than the New Jersey Soil Cleanup Standard 
• In the case of total lead the data showed a level lower or equal to 100 ppm for all the samples. Those level or 


concentrations do not represent any concern or required any precaution with the kind of crop cultivated in the area. 
• The same trend it can be observed in the spatial analysis conducted for lead in the soil surface and subsurface with a 


mean of 56.3 and 22.9 ppm respectively. An expected reduction in lead concentration was also observed with increasing 
distance from a major road. 


• Arsenic data showed a mean concentration of 4.5 and 5.2 ppm in the surface and subsurface respectively. These 
concentrations are lower than the New Jersey soil remediation standard and do not represent a concern. 


• The analysis of electric conductivity conducted with the Profiler showed a mean concentrations of 
o Plot 1 


 15kHz - 0.052mmhos/cm (SD 0.039) 
 10kHz - 0.075mmhos/cm (SD 0.064) 
 3kHz - 0.004mmhos/cm (SD 0.263) 


o Plot 2 
 15kHz - 0.107mmhos/cm (SD 0.159) 
 10kHz - 0.145mmhos/cm (SD 0.205) 
 3kHz - 0.129mmhos/cm (SD 0.470) 


• According to Rutgers Experimental Station, levels of conductivity less than 0.2mmhos/cm represent a low salt level and 
probably low fertility. This correlated with the data collected with the XRF where the concentrations for some of the 
macro nutrients like phosphorus, sulfur, potassium, and calcium are relatively low. In the case of phosphorus and sulfur 
most of the readings are lower than the machine detection limit. The concentration for potassium is about 0.98% and 
around 0.33% for calcium. 


• The In-Phase analysis conducted with the Profiler did not show any significant buried artifacts other than the noise 
generated by the metal fence in plot perimeters. 


 
Recommendations: 


• Test soil fertility before planting. 
• Cover exposed soil with mulch or by adding compost. This practice will increase the organic matter in the soils helping 


fixing the trace metals and reduce erosion. 
 
Reference: 


New Jersey Department of Environmental Protection. NJAC 7:26D Remediation Standards, 2012. 
 
Pettinelli, Dawn. Lead in Garden Soils. Soil Nutrient Analysis Laboratory, Union Cottage, Depot Campus, Mansfield, 2008. 


 
Cc. Richard K. Shaw, PhD., State Soil Scientist 
 


                                           
1 See attached figure and maps 



http://www.nj.gov/dep/rules/rules/njac7_26d.pdf





Date Reading P S K Ca Ti Cr Mn Fe Co Ni Cu Zn As Se Rb Sr Zr Ba Pb Unit
1/4/2013 #4 <LOD <LOD 7693 6076 2499 29 504 14065 130 <LOD 31 79 <LOD <LOD 42.8 70 601 190 100 PPM
1/4/2013 #5 <LOD <LOD 10756 1984 3661 28 224 17117 166 <LOD 13 33 5.9 <LOD 54.1 62.7 675 214 16.2 PPM
1/4/2013 #6 <LOD <LOD 5256 3417 1892 23 254 10090 103 <LOD 420 72 <LOD <LOD 36.6 60.1 571 90 78 PPM
1/4/2013 #7 <LOD <LOD 9411 3871 3353 23 388 16228 142 <LOD 22 69 6.4 <LOD 51.5 70.5 722 189 84 PPM
1/4/2013 #8 <LOD <LOD 7172 5133 2046 25 294 9919 89 <LOD 17 65 <LOD <LOD 32.6 49.9 379 131 77 PPM
1/4/2013 #9 <LOD <LOD 10823 3187 3983 33 266 23998 258 <LOD 18 44 7.4 <LOD 56.2 64.5 725 229 27.8 PPM
1/4/2013 #10 <LOD <LOD 11735 4434 4275 47 383 17678 142 <LOD 29 61 <LOD <LOD 47.8 66 795 221 77 PPM
1/4/2013 #11 <LOD <LOD 9487 2636 3041 28 245 18720 142 <LOD 15 42 <LOD <LOD 44.1 50.5 534 142 45 PPM
1/4/2013 #12 <LOD 1106 6495 3885 1969 23 319 11947 123 <LOD 17 62 <LOD <LOD 35.6 47.1 334 116 62 PPM
1/4/2013 #13 <LOD <LOD 10132 3610 3495 39 326 16677 129 <LOD 31 91 5.9 <LOD 51.9 70 646 224 64 PPM
1/4/2013 #14 <LOD <LOD 9803 5672 3497 34 362 16383 94 <LOD 34 99 <LOD <LOD 48.8 76 727 208 84 PPM
1/4/2013 #15 <LOD <LOD 12181 2555 4137 38 245 25875 182 <LOD <LOD 49 7.4 <LOD 64.2 59.6 709 245 20.4 PPM
1/4/2013 #16 <LOD <LOD 8530 4474 2592 51 334 13528 98 <LOD 28 85 6.1 <LOD 46.6 65 700 175 65 PPM
1/4/2013 #17 <LOD <LOD 11533 2935 3758 39 240 19362 158 30 17 43 6.7 2.1 55.3 71.7 713 225 23.4 PPM
1/4/2013 #19 <LOD <LOD 10789 4109 3552 31 343 16125 89 <LOD 29 62 6.6 <LOD 47.1 70 692 207 73 PPM
1/4/2013 #20 <LOD <LOD 10252 2525 3250 38 197 16976 170 <LOD 12 23.6 <LOD <LOD 42.9 62 728 207 17.1 PPM
1/4/2013 #21 <LOD <LOD 10691 4778 3677 38 371 18353 152 <LOD 29 75 <LOD <LOD 46.3 69.4 636 193 67 PPM
1/4/2013 #22 <LOD <LOD 10932 2793 3646 35 393 23324 187 <LOD 13 50 9.2 <LOD 53.1 61.9 584 213 23.7 PPM
1/4/2013 #23 <LOD <LOD 10317 5550 3844 45 307 18543 112 <LOD 35 88 <LOD <LOD 53.5 107 664 178 96 PPM
1/4/2013 #24 <LOD <LOD 10811 2426 2802 24 342 18181 <LOD <LOD 15 23.9 5.4 <LOD 39.5 45.9 502 207 10.6 PPM
1/4/2013 #25 <LOD <LOD 8579 4186 3065 24 304 11944 86 <LOD 14 56 6.9 <LOD 43.7 72.5 712 185 38.8 PPM
1/4/2013 #26 <LOD <LOD 10990 2356 3458 28 174 17626 95 <LOD <LOD 37 <LOD <LOD 56.4 69.1 679 199 19.3 PPM
1/4/2013 #27 <LOD <LOD 9965 3324 3786 22 232 14063 119 <LOD 12 40 <LOD <LOD 48.4 72.4 781 220 33 PPM
1/4/2013 #28 <LOD <LOD 11530 2882 3348 40 172 14401 124 <LOD 22 27 7.3 <LOD 43.9 62 625 212 6.9 PPM
1/4/2013 #29 <LOD <LOD 9560 4274 3437 19 286 12474 91 <LOD 17 44 5.3 <LOD 45.3 73.9 839 165 31.3 PPM
1/4/2013 #30 <LOD <LOD 10715 2622 3144 20 179 16700 124 <LOD 11 21.9 3.7 <LOD 43.8 59.1 543 194 9.8 PPM
1/4/2013 #31 <LOD <LOD 8916 2548 3039 20 207 12796 118 <LOD 12 26 4.2 <LOD 41.3 59 550 164 17.3 PPM
1/4/2013 #32 <LOD <LOD 10445 2184 3374 31 250 17779 <LOD <LOD <LOD 24 5.2 <LOD 44.2 55.6 641 174 11.8 PPM
1/4/2013 #33 <LOD <LOD 9296 2905 3018 22 243 12659 97 <LOD 11 40 <LOD <LOD 44.4 59.9 702 180 28.7 PPM
1/4/2013 #34 <LOD <LOD 10779 1871 2898 23 200 15423 99 <LOD 10 21.9 <LOD <LOD 41.4 48.1 497 172 13 PPM
1/4/2013 #35 <LOD <LOD 9337 3328 3240 16 289 12001 94 <LOD 13 44 <LOD <LOD 40.1 56.1 654 175 28.5 PPM
1/4/2013 #36 <LOD <LOD 11470 2640 3655 31 234 18534 192 <LOD 20 23.2 4.8 <LOD 50.7 72.4 757 193 11 PPM
1/4/2013 #37 <LOD <LOD 8224 3200 3126 28 276 11108 103 <LOD 23 43 4.6 <LOD 38 57.4 636 125 33 PPM
1/4/2013 #38 <LOD <LOD 8929 857 2710 26 189 14875 86 <LOD <LOD 16.3 4.1 <LOD 40 39.2 455 122 6.6 PPM
1/4/2013 #39 7890 <LOD 8999 3705 3622 22 370 12863 112 <LOD 29 54 6.6 <LOD 43.9 68 708 172 40 PPM
1/4/2013 #40 <LOD <LOD 9423 1838 3205 19 201 14440 94 <LOD 15 27 4.7 <LOD 45 46 535 162 13.2 PPM
1/4/2013 #41 <LOD <LOD 9153 3638 3297 40 400 14254 92 <LOD 21 60 5.7 <LOD 47.1 64.1 654 146 41.9 PPM
1/4/2013 #42 <LOD <LOD 9964 1525 3339 29 257 16196 134 <LOD <LOD 17.6 <LOD <LOD 47.5 46.1 515 211 11.6 PPM
Soil Remediation 11000 1600 1600 3100 23000 19 390 16000 400


United State Department of Agriculture ‐ Natural Resources Conservation Services
X‐Ray Flourescence Trace Metal Analysis Report


Project: City Green, Inc Clifton, NJ


This data set is not designed for use as a primary regulatory tool in permitting or citing decisions, but may be used as a reference source. This is 
public information and may be interpreted by organizations, agencies, units of government, or others based on  needs; however, they are 
responsible for the appropriate application. Federal, State, or local regulatory bodies are not to reassign to the Natural Resources Conservation 
Service any authority for the decisions that they make. The Natural Resources  Conservation Service will not perform any evaluations of these 
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This data set is not designed for use as a primary regulatory tool in permitting or citing decisions, but may be used
as a reference source. This is public information and may be interpreted by organizations, agencies, units of
government, or others based on  needs; however, they are responsible for the appropriate application. Federal,
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for the decisions that they make. The Natural Resources  Conservation Service will not perform any evaluations of
these maps for purposes related solely to State or local regulatory programs.


9b


8b


7b


6b


5b


4b


3b


1b


19b


18b


17b


16b


15b


14b13b


12b


11b


10b


Surface Layer Sub-surface Layer


Count:	19
Minimum:	-0.321
Maximum:	6.903
Sum:	85.986
Mean:	4.525579
Standard Deviation:	1.89828


Count:	19
Minimum:	2.577
Maximum:	9.207
Sum:	100.186
Mean:	5.272947
Standard Deviation:	1.78617



Edwin.Muniz

Highlight







9a


8a


7a


6a


5a


4a


3a


1a


19a


18a


17a


16a


15a


14a13a


12a


11a


10a


X-Ray Fluorescence Analysis
Lead Distribution Movement in Soil Profile by
Inverse Distance Weight (IDW) Interpolation


City Green Inc
Clifton, New Jersey µ


1 inch = 100 feet
100 0 100 200 300 40050


Feet


Legend


ppm
0 - 20


21 - 40


41 - 60


61 - 80


81 - 100


This data set is not designed for use as a primary regulatory tool in permitting or citing decisions, but may be used
as a reference source. This is public information and may be interpreted by organizations, agencies, units of
government, or others based on  needs; however, they are responsible for the appropriate application. Federal,
State, or local regulatory bodies are not to reassign to the Natural Resources Conservation Service any authority
for the decisions that they make. The Natural Resources  Conservation Service will not perform any evaluations of
these maps for purposes related solely to State or local regulatory programs.
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New York Restoration Project 
Willis Community Garden 
401 East 143rd Street 


Willis Avenue, Bronx, New York 
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Natural Resources Conservation Service  Telephone: (732) 537-6062 
220 Davidson Ave. 4th Floor  Fax: (732) 537-6095 
Somerset, NJ 08873  Web site: www.nj.nrcs.usda.gov 
_____________________________________________________________________________________ 
 
 


 


Friday, April 05, 2013 
 
FROM: 
Edwin Muñiz 
Soil Scientist 
USDA NRCS 
220 Davidson Ave. 4th Floor 
Somerset, NJ 08873 
 
TO: 
John Mickelson 
GIS Manager 
New York Restoration Project 
254 W. 31st St. 10th Floor 
New York, NY 10001 
 
SUBJECT:  Trace metal study 
FIELD DATE: March 20, 2013 
REPORT DATE: April 5, 2013 
 
PROJECT INFORMATION 
 
Proposed project: 


Using the X-ray fluorescence analyzer and electromagnetic induction technology to determinate 
concentrations of several trace metals and buried artifacts in an area utilized for urban farming.  


 
Location: 


Willis Community Garden. 401 East 143rd Street and 378-382 Willis Avenue, Bronx, New York 
 
Procedure: 


The data was collected in the soil surface (Site Id #a) and subsurface (Site Id #b) with the Innov-X X-ray 
Fluorescence Environmental Analyzer by Olympus and georeferenced with the Trimble Global Positioning 
System. The data was processed in MS-Excel to compare the results with the soil remediation standards 
established by New York State Department of Environmental Conservation in December 2006 and the 
University of Connecticut Soil Nutrient Analysis Laboratory suggested action range for lead. The samples with 
concentrations over the New York State soil remediation standards were highlighted in red except for the lead, 
where the samples were given a color code according with the Connecticut recommendations. An interpretations 
map was generated in GIS showing the concentrations in the soil surface and subsurface of lead and arsenic. 
 
Additional data was collected with the multi-frequency electromagnetic induction tool Profiler EMP-400 
with a wireless data logger with GPS integrated at 3, 10 and 15 kHz manufactured by Geophysical Survey 
Systems, Inc. The data was analyzed in Surfer 10 by Golden Software and generated  In-Phase maps;  
interpretation maps were then produced with the use of a Natural Neighbor interpolation method at three 
different depths to locate any buried artifacts in the soil profile. 
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Soil Profile Description: 
Willis Ave Community Garden; Pit 1 
3/20/2013; woodchip mulch soil surface 
 
^Oa1—0 to 12 cm; black (10YR 2/1) highly decomposed plant material; massive; friable; common 
medium and common fine roots; slightly alkaline (pH 7.8); clear smooth boundary. 
^Oa2--12 to 23 cm; 70 percent black (10YR 2/1) and 30 percent black (2.5Y 2.5/1) highly decomposed 
plant material; massive; friable; common coarse, common medium and common fine roots; slightly 
alkaline (pH 7.8); clear smooth boundary. 
^C1—23 to 43 cm; dark yellowish brown (10YR 4/4) sandy loam; massive; friable; few fine roots; 8 
percent quartzose gravel; common (7 percent) coarse and medium prominent strong brown (7.5YR 4/6) 
iron concentrations and common (5 percent) common prominent very dark gray (10YR 3/1) iron 
depletions; slightly alkaline (pH 7.8); clear smooth boundary. 
^Abu—43 to 56 cm; black (2.5Y 2.5/1) artifactual coarse sandy loam; massive; firm; common medium 
and common fine roots; 2 percent quartzose gravel; 8 percent gravel-sized brick fragments, 7 percent 
gravel-sized wood fragments, 5 percent gravel-sized coal slag fragments, and 5 percent gravel-sized glass 
fragments; common (6 percent) medium and fine prominent strong brown (7.5YR 4/6) iron concentrations; 
moderately alkaline (pH 8.0); clear smooth boundary. 
^2Cu1—56 to 70 cm; 70 percent black (10YR 2/1) and 20 percent very dark grayish brown (10YR 3/2) 
very artifactual loamy coarse sand; massive; firm; 2 percent quartzose gravel; 10 percent gravel-sized brick 
fragments, 10 percent gravel-sized asphalt fragments, 8 percent gravel-sized glass fragments, and 7 percent 
gravel-sized coal slag fragments; common (10 percent) fine prominent yellowish red (5YR 4/6) iron 
concentrations; moderately alkaline (pH 8.0). 
 
Comments: sandy (non-dredge?) fill with > 10 percent artifacts. Redox features start at ^C1 (23 cm) 
although no water table or soil saturation was observed. Occasional perching conditions may be possible 
from firm layers beginning at 43 cm. 
Highest contents of Pb, Zn, As, and Cu in 2 lower horizons with high artifact contents. 
 


 
 
 
 


Willis Ave Community Garden; Pit 2 
3/20/2013; woodchip mulch soil surface 
 
^Oi—0 to 12 cm; black (10YR 2/2) slightly decomposed wood chips; massive; friable; clear smooth 
boundary. 
^Oe--12 to 22 cm; black (10YR 2/1) partially decomposed wood chips; clear smooth boundary. 
^A—23 to 32 cm; 85 percent black (10YR 2/1) and 15 percent dark gray (2.5Y 4/1) mucky sandy loam; 
massive; friable; 6 percent quartzose gravel; clear smooth boundary. 
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^Au—32 to 34 cm; 60 percent dark gray (2.5Y 4/1) and 40 percent black (10YR 2/1)  artifactual sandy 
loam; massive; friable; 6 percent quartzose gravel; 10 percent sheet-like plastic and 5 percent gravel-sized 
wood fragments; abrupt smooth boundary. 
^Cu1—34 to 37 cm; 80 percent light gray (2.5Y 7/2) and 20 percent very dark grayish brown (2.5Y 5/2) 
artifactual sandy loam; massive; firm; 20 percent gravel-sized partially rotten concrete fragments; abrupt 
smooth boundary. 
^Cu2—37 to 53 cm; 90 percent olive (5Y 4/3) and 10 percent very dark gray (2.5Y 3/1) sandy loam; 
massive; firm; 3 percent quartose gravel; 4 percent gravel-sized wood fragments and 2 percent gravel-sized 
coal slag fragments; clear smooth boundary. 
^Cu3—53 to 70 cm; black (5Y 2.5/1) sandy loam; massive; firm; 3 percent quartose gravel; 8 percent 
gravel-sized coal slag fragments, 7 percent gravel-sized brick fragments, and 5 percent gravel-sized wood 
fragments. 
 
Comments: loamy fill with > 10 percent artifacts.  
Highest Pb,and As contents in 2 lower horizons with coal slag and wood frags.  


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Horizon suffixes 
a highly decomposed organic material 
b buried soil horizon 
^  human transported material (fill) 
u human artifacts present 
 
Notes: from the Merrill (1902) Surficial Geology sheet, Harlem Quadrangle, it appears that the garden site 
is located in an area of glacial till parent material. 
 
 
 
 
 
 
 







 


 


Observations1: 
• The data generated from the XRF is in total concentration (which includes both fixed and available 


forms). 
• The raised bed number one showed a high concentration of cadmium in the subsurface. But since 


raised bed number one was the only showing a high concentration and there is no correlation with zinc, 
copper and/or lead (Godt et al, 2006) this reading should not be taken in consideration. 


• In the case of total lead in the raised bed the data showed the following distribution according with 
University of Connecticut interpretations 


o 98% of the points with concentrations less than 100 ppm with an average of 61 ppm 
o 2% of the points with concentrations greater than 100 but less than 300 ppm with a 


concentration of 103 ppm 
• In the case of the two soil pits the moderate to high concentration of lead was located in the horizons or 


layers containing anthropogenic features like construction debris. This behavior is consistence and 
expected base on previous studies. 


o 50% of the points with concentrations less than 100 ppm with an average of 41 ppm 
o 17% of the points with concentrations greater than 100 but less than 300 ppm with an average 


of 119.5 ppm 
o 33% of the points with concentrations greater than 400 ppm with an average of 547.5 ppm 


• According with Pettinelli (2008) recommendations for use and management the levels for lead are 
within the typical background. But we would recommend conducting follow-up studies if any drastic 
changes in management or any suspected deposition of materials due to construction, etc. 


• Arsenic concentrations in the raised bed were lower than the New York State Soil Cleanup Standard 
• In the soil pits the concentration of arsenic data showed the following distribution according with the 


New York State Soil Cleanup Standard when comparing the limits for residential areas (NYDEC, 
2006) 


o 25 % of the points had a concentration greater than the limits for residential area with an 
average of 25 ppm 


o 17 % of the points showed concentrations lower than the limits for either residential areas 
with an average of 11 ppm 


o 58% of the reading were lower that the equipment detection limit 
• The In-Phase analysis conducted with the Profiler in zone 1 (10 and 15 kHz) and 2 (3, 10 and 15 kHz) 


showed two areas highlighted in red where it is possible to find buried artifacts. Even though the origin 
of these possible artifacts is unknown, the diagrams showed an elongated shape typical of 
anthropogenic features. 


 
Reference: 


 
Godt, Johannes , Franziska Scheidig, Christian Grosse-Siestrup, Vera Esche, Paul Brandenburg, Andrea 
Reich, and David A Groneberg. The toxicity of cadmium and resulting hazards for human health. J Occup 
Med Toxicol. 2006; 1: 22. 
 
Merrill, F.J.H., N.H. Darton, A. Hollick, R.D. Salisbury, R.E. Dodge, B. Willis, H.A. Pressey. 1902. 
Description of the New York City district: United States Geological Survey Atlas of the United States,  
New York City Folio, No. 83, 19 p. 
 
New York State Department of Environmental Conservation. Subpart375-6: Remedial Program Soil 
Cleanup Objectives, 2006. 
 
Pettinelli, Dawn. Lead in Garden Soils. Soil Nutrient Analysis Laboratory, Union Cottage, Depot Campus, 
Mansfield, 2008. 
 


 


                                           
1 See attached figure and maps 
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XRF Soil Profile Data 
 
Pit Number 1 
 


  Sulfur Potassium Calcium Titanium Chromium Manganese Iron Cobalt Nickel Copper Zinc Arsenic Selenium Rubidium Strontium Zirconium Cadmiun Tin Antimony Barium Lead 


Reading Site Id S K Ca Ti Cr Mn Fe Co Ni Cu Zn As Se Rb Sr Zr Cd Sn Sb Ba Pb 


#54 H1 1930 4417 10827 1450 23 267 12140 89 <LOD 23 143 <LOD <LOD 20.8 71.9 152 <LOD <LOD <LOD 87 70 


#55 H2 904 4514 9239 1327 15 201 12193 105 <LOD 24 132 <LOD <LOD 26.5 79.9 196 <LOD <LOD <LOD 123 71 


#56 H3 <LOD 16150 10140 4418 62 681 26950 141 <LOD 19 56 <LOD <LOD 46 117 416 <LOD <LOD <LOD 335 15.9 


#57 H4 5852 9149 62833 3123 45 314 19314 <LOD 31 65 742 14 <LOD 32.1 174 226 <LOD 48 37 485 540 


#58 H5 14800 8980 89808 3053 65 373 18462 131 <LOD 55 826 30 <LOD 41.9 205 423 <LOD <LOD <LOD 526 668 


 
 
Pit Number 2 
 


  Sulfur Potassium Calcium Titanium Chromium Manganese Iron Cobalt Nickel Copper Zinc Arsenic Selenium Rubidium Strontium Zirconium Cadmiun Tin Antimony Barium Lead 


Reading Site Id S K Ca Ti Cr Mn Fe Co Ni Cu Zn As Se Rb Sr Zr Cd Sn Sb Ba Pb 


#59 H1 539 1115 4144 202 <LOD 44 2283 <LOD <LOD <LOD 86 <LOD <LOD 6.8 17.6 11.6 <LOD <LOD <LOD 13 24.3 


#60 H2 <LOD 630 3473 175 <LOD 59 1984 <LOD <LOD <LOD 72 <LOD <LOD 6.8 22.6 31.5 <LOD <LOD <LOD <LOD 30 


#61 H3 <LOD 4733 8411 1334 20 172 10645 75 <LOD 25 161 8 <LOD 19.6 73 168 <LOD <LOD <LOD 136 118 


#62 H4 1137 4276 7250 1399 13 248 11051 61 <LOD 32 288 <LOD <LOD 23.5 66.2 144 <LOD <LOD <LOD 121 121 


#63 H5 9348 4546 104527 2758 <LOD 196 8097 <LOD <LOD 12 410 <LOD <LOD 11.9 173 83 <LOD <LOD <LOD 132 35.3 


#64 H6 5086 8663 81693 3054 43 423 14052 125 30 35 483 24 2.6 22.5 138 162 <LOD <LOD <LOD 306 423 


#65 H7 4554 5357 35947 2796 21 208 14385 76 <LOD 53 579 22 <LOD 26.4 135 155 <LOD <LOD <LOD 392 559 


 
  







 


 


XRF Raised Bed Point Data 
 


  Sulfur Potassium Calcium Titanium Chromium Manganese Iron Cobalt Nickel Copper Zinc Arsenic Selenium Rubidium Strontium Zirconium Cadmiun Tin Antimony Barium Lead 


Reading Site Id S K Ca Ti Cr Mn Fe Co Ni Cu Zn As Se Rb Sr Zr Cd Sn Sb Ba Pb 


#5 1a 1324 7786 22551 1852 32 474 15333 86 <LOD 28 73 <LOD <LOD 30.1 92 209 <LOD <LOD <LOD 159 50 


#6 1b <LOD 6698 12455 2383 32 438 18444 160 <LOD 56 155 <LOD <LOD 33 85 231 17 <LOD <LOD 183 80 


#7 2a <LOD 7777 12749 1808 29 442 14779 128 <LOD 38 101 <LOD <LOD 36 94 240 <LOD <LOD <LOD 119 60 


#8 2b <LOD 7706 9358 2592 36 910 22071 87 <LOD 35 146 6 2.3 28.6 126 237 <LOD <LOD <LOD 148 77 


#9 3a 1085 6950 13215 1876 16 405 14079 98 <LOD 32 122 <LOD <LOD 30 80.3 217 <LOD <LOD <LOD 122 60 


#10 3b <LOD 6106 11471 1648 24 240 12756 138 <LOD 28 127 <LOD <LOD 26.3 103 224 <LOD <LOD <LOD 137 60 


#11 4a 1106 3881 11493 1103 23 263 11094 100 <LOD 32 150 <LOD <LOD 27.6 86.9 256 <LOD <LOD <LOD 96 69 


#12 4b <LOD 9696 17681 3183 55 640 20100 138 <LOD 80 164 8.1 <LOD 33.3 112 290 <LOD <LOD <LOD 194 79 


#13 5a <LOD 4946 10841 1260 <LOD 298 11450 89 <LOD 23 108 <LOD <LOD 33.6 74.4 187 <LOD <LOD <LOD 102 54 


#14 5b <LOD 5917 10704 2335 21 322 16051 108 <LOD 25 92 6.1 <LOD 26 59.7 207 <LOD <LOD <LOD 141 51 


#15 6a <LOD 6566 12642 1931 21 469 17059 78 <LOD 29 99 <LOD <LOD 32.9 88 253 <LOD <LOD <LOD 171 63 


#16 6b 1788 7120 13582 2576 36 711 18477 118 21 180 261 7 <LOD 35.1 119 260 <LOD <LOD <LOD 168 83 


#17 7a <LOD 8115 11619 2251 52 414 14843 131 <LOD 37 101 <LOD <LOD 30.6 91 304 <LOD <LOD <LOD 225 47 


#18 7b 1293 7619 13934 2464 42 454 18822 134 <LOD 73 141 <LOD <LOD 34.4 100 313 <LOD <LOD <LOD 161 65 


#19 8a 1197 5413 14973 1806 22 412 18252 122 <LOD 43 126 <LOD <LOD 27.9 100 183 <LOD <LOD <LOD 129 57 


#20 8b <LOD 8848 14695 2715 37 520 18113 118 <LOD 74 178 <LOD <LOD 35.2 110 288 <LOD <LOD <LOD 169 90 


#21 9a <LOD 5917 12651 1729 16 493 16151 127 <LOD 31 76 <LOD <LOD 31.7 87 224 <LOD <LOD <LOD 93 50 


#22 9b 1111 5377 10395 1797 27 320 15552 <LOD <LOD 50 118 6.7 <LOD 28 77 226 <LOD <LOD <LOD 137 62 


#23 10a <LOD 7952 11454 2341 24 672 15857 135 <LOD 23 69 <LOD <LOD 34.6 70 287 <LOD <LOD <LOD 219 32.9 


#24 10b <LOD 5630 12190 1930 28 417 17026 124 <LOD 81 176 <LOD <LOD 29.4 98 185 <LOD <LOD <LOD 138 76 


#25 11a <LOD 5308 10859 1517 <LOD 362 8947 <LOD 42 <LOD 39 <LOD <LOD 13.9 29.4 76 <LOD <LOD <LOD 63 20 


#26 11b 1848 8651 15719 2993 48 769 20669 149 <LOD 151 200 6 <LOD 38 129 310 <LOD <LOD <LOD 236 71 


#27 12a 1163 5672 13407 1767 18 346 12026 65 <LOD 26 134 <LOD <LOD 25 85 179 <LOD <LOD <LOD 121 61 


#28 12b <LOD 5967 9920 1805 <LOD 440 13756 <LOD 26 22 94 <LOD <LOD 28.7 71 185 <LOD <LOD <LOD 114 50 


#29 13a <LOD 8285 13629 1962 27 498 16515 144 <LOD 35 82 <LOD <LOD 42.7 91 252 <LOD <LOD <LOD 208 49 


#30 13b <LOD 5437 9388 2100 17 297 16533 160 <LOD 43 106 <LOD <LOD 28.4 74 235 <LOD <LOD <LOD 115 54 


#31 14a <LOD 6963 11462 1949 37 422 13313 105 <LOD 37 94 <LOD <LOD 28.3 83 284 <LOD <LOD <LOD 148 69 


#32 14b 1563 8183 23560 2462 38 500 15069 93 <LOD 59 131 7.8 <LOD 32.3 105 233 <LOD <LOD <LOD 147 65 


#33 15a 1249 6970 13606 1791 26 562 16586 139 <LOD 29 88 5.2 <LOD 35.1 98 287 <LOD <LOD <LOD 143 60 


#34 15b 1189 7115 14623 2067 25 409 14300 68 <LOD 53 159 7.1 <LOD 31.1 95 225 <LOD <LOD <LOD 138 80 







 


 


#35 16a 1198 7345 14176 1818 30 479 14654 87 <LOD 27 79 <LOD <LOD 32.7 81 187 <LOD <LOD <LOD 128 46.4 


#36 16b <LOD 7088 10241 2351 29 307 12896 73 <LOD 17 114 6.8 <LOD 31.7 73 242 <LOD <LOD <LOD 138 68 


#37 17a <LOD 5696 10157 2135 33 274 11290 <LOD <LOD 28 99 <LOD <LOD 23.8 66.2 201 <LOD <LOD <LOD 112 52 


#38 17b <LOD 5792 9888 2104 27 324 11713 63 <LOD 26 90 <LOD <LOD 25.2 58.6 203 <LOD <LOD <LOD 151 53 


#40 18b 1370 5928 13700 1763 29 328 12086 64 <LOD 43 125 6 <LOD 24.8 65.2 213 <LOD <LOD <LOD 149 60 


#41 18a <LOD 7943 14298 2181 21 641 14875 <LOD <LOD 17 73 5.1 <LOD 34.3 80 254 <LOD <LOD <LOD 145 38.9 


#42 19a <LOD 8730 16110 2191 21 434 15397 <LOD <LOD 20 81 <LOD <LOD 33.2 82 311 <LOD <LOD <LOD 138 46 


#43 19b 1633 10469 13732 3083 36 588 20614 110 <LOD 72 172 8.6 <LOD 44.3 177 288 <LOD <LOD <LOD 191 93 


#44 20a 1012 5260 10207 1469 17 309 14179 93 <LOD 27 98 <LOD <LOD 26.4 84 174 <LOD <LOD <LOD 127 64 


#45 20b 1344 7753 20151 2234 26 400 22113 228 <LOD 61 149 9.6 <LOD 31.3 192 232 <LOD <LOD <LOD 173 72 


#46 21a 1241 8393 14227 1849 19 472 15426 82 <LOD 31 117 <LOD <LOD 32.6 81.4 198 <LOD <LOD <LOD 162 72 


#47 21b <LOD 6000 13221 1905 <LOD 372 15089 102 <LOD 30 143 7.4 <LOD 31.5 113 194 <LOD <LOD <LOD 173 80 


#48 22a <LOD 6532 10760 1492 22 461 11669 78 <LOD 14 49 <LOD <LOD 34.6 67.8 226 <LOD <LOD <LOD 138 29.3 


#49 22b <LOD 7479 12061 2571 34 421 21354 146 <LOD 63 207 <LOD <LOD 36.4 99 228 <LOD <LOD <LOD 167 103 


#50 23a <LOD 6321 14905 1554 22 442 11473 89 <LOD 18 77 6.8 <LOD 27.3 103 198 <LOD <LOD <LOD 138 44 


#51 23b <LOD 5698 12575 1900 26 335 14769 78 <LOD 38 145 <LOD <LOD 28.4 78.3 216 <LOD <LOD <LOD 136 75 


#52 24a <LOD 6406 11243 2019 <LOD 394 13356 130 <LOD 18 76 <LOD <LOD 28.2 100 238 <LOD <LOD <LOD 130 52 


#53 24b <LOD 5725 12064 2026 <LOD 321 14671 <LOD <LOD 29 131 <LOD <LOD 29.5 68 166 <LOD <LOD <LOD 152 75 
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This data set is not designed for use as a primary regulatory tool in
permitting or citing decisions, but may be used as a reference source. This is
public information and may be interpreted by organizations, agencies, units
of government, or others based on  needs; however, they are responsible for
the appropriate application. Federal, State, or local regulatory bodies are not
to reassign to the Natural Resources Conservation Service any authority for
the decisions that they make. The Natural Resources  Conservation Service
will not perform any evaluations of these maps for purposes related solely to
State or local regulatory programs.
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Natural Resources Conservation Service  Telephone: (732) 537-6062 
220 Davidson Ave. 4th Floor  Fax: (732) 537-6095 
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Thursday, June 27, 2013 
 
FROM: 
Edwin Muñiz 
Soil Scientist 
USDA NRCS 
220 Davidson Ave. 4th Floor 
Somerset, NJ 08873 
 
TO: 
Judith K. Turk, Ph.D. 
Assistant Professor of Environmental Sciences 
The Richard Stockton College of New Jersey 
101 Vera King Farris Drive 
Galloway, NJ 08205-9441 
 
SUBJECT:  Atlantic White Cedar study 
FIELD DATE: June 25, 2013 
REPORT DATE: June 27, 2013 
 
PROJECT INFORMATION 
 
Proposed project: 


Using Electromagnetic Induction technology to determinate electrical conductivity in an area of Atlantic 
White Cedar.  


 
Procedure: 


Data was collected with the multi-frequency electromagnetic induction tool Profiler EMP-400 
manufactured by Geophysical Survey Systems, Inc. The data was analyzed in GIS with spatial analysis for 
conductivity at a 15 kHz. In GIS, a map was created by kriging interpolation. 
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Observations1: 
• Conductivity 


o Figure 1 shows a 43 percent decrease in conductivity moving away from the drainage ditch. 
o In figure 2, the data was collected over mineral material in both sides along the County Road 


652. The data showed an increase in concentration moving northwest.  
Remarks: 


• The data collected in figure 1 was conducted in a stationary mode. 
• The data collected in figure 2 was collected in freeway mode but stopped when vehicle movement was 


present to avoid interference. 
• The area is not suitable for the use of the instrument. The dense vegetation decreases the accuracy of 


the GPS unit and reduces the capability of collecting data efficiently. 
 
 
cc.: Richard K. Shaw, Ph.D., State Soil Scientist, New Jersey 


                                           
1 See attached figure and maps 
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Edwin Muñiz

Soil Scientist

Tuesday, July 16, 2013



FROM:

Edwin Muñiz

Soil Scientist

USDA NRCS

220 Davidson Ave. 4th Floor

Somerset, NJ 08873



TO:





SUBJECT:  Electromagnetic Induction study

FIELD DATE: Enter Field Date MM dd, yyyy

REPORT DATE: July 16, 2013



PROJECT INFORMATION



Proposed project:

Using electromagnetic induction technology to establish the [Type of project].



Location:

[Location][footnoteRef:1]. [1:  Map location] 




Procedure:

The data was collected with multi-frequency electromagnetic conductivity meter EMP-400 Profiler manufactured by Geophysical Survey Systems, Inc and georeferenced with an integrated GPS unit. The data was processed in Surfer 10 by Golden Software Inc. In Surfer, a contour type map was created by [Type interpolation method] interpolation for In-Phase in parts per million and Conductivity in milliSiemens per meter.



Annotations:

· The map was created in metric system units and the layers are georeferenced in UTM.

· Map location created in ArcMap 10.1 by ESRI is included in this report as a reference for the data collection.

· These features highlighted in this study were not field checked.

· The analyses were conducted with a multi-frequency instrument at 3, 10 and 15 kHz.

[image: color header]



Natural Resources Conservation Service		Telephone: (732) 537-6062

220 Davidson Ave. 4th Floor		Fax: (732) 537-6095

Somerset, NJ 08873		Web site: www.nj.nrcs.usda.gov

_____________________________________________________________________________________









Observations[footnoteRef:2]: [2:  See attached figures and maps] 


· [Type observations]



Recommendations:

· [Type recommendations]





cc.: 	Richard K. Shaw, PhD

State Soil Scientist, New Jersey
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Natural Resources Conservation Service 
National Soil Survey Center 
Federal Building, Room 152 
100 Centennial Mall North  Phone:  (402) 437-5499 
Lincoln, NE 68508-3866  FAX:  (402) 437-5336 
_____________________________________________________________________________________ 
     
 
Subject: -- Geophysical Assistance --                                                               Date: 03, June 2012 
 
 


              To:   Kevin D. Norton 
                       State Conservationist 


 USDA - NRCS 
 3737 Government Street 
 Alexandria, Louisiana 71302 


 
Purpose:  
To provide training on the use and operations of the Dualem-1S conductivity meter manufactured by 
DUALEM Inc., the Allegro CX field data recorder, the Holux GPS receiver and associated software. 
Comparative surveys were also completed with the operations of the Geonics EM38 meter along with the 
accompanying Allegro CX field data recorder.  
 
Participants: 
Charles Guillory, State Soil Scientist, USDA-NRCS, Alexandria, LA 
Mike Lindsey, Soil Scientist, USDA-NRCS, Opelousas, LA 
Mitch Mouton, Soil Scientist, USDA-NRCS, Opelousas, LA 
Charles Stemmons, ESD Specialist, USDA-NRCS, Opelousas, LA 
Gerald Trahan, MLRA Project Leader, USDA-NRCS, Opelousas, LA 
Wes Tuttle, Soil Scientist (Geophysical) USDA-NRCS-NSSC, Wilkesboro, NC  
Brandon Waltman, Soil Scientist (Student Trainee), USDA-NRCS, Opelousas, LA 
 
Activities: 
All field activities were completed during the period of May 08 to 10, 2012.  
 
Results: 


1. The soils staff located in Opelousas, LA are doing an excellent job in operations, data collection 
and data processing of the Dualem-1S meter. The staff does an excellent job making 
interpretations from resulting EMI spatial conductivity patterns. The staff is utilizing GIS 
technology to produce excellent quality interpretable maps displaying changing apparent 
conductivity as it relates to changes in soil characteristics. The staff has shown the ability to adapt 
to changes needed to improve EMI survey data acquisition and quality. The staff has 
demonstrated the ability to make changes and modifications in equipment and survey design, 
resulting in interpretations that are more reflective of changing soil properties of the survey area.  


 
2. EMI surveys were conducted at sites in Iberia, Calcasieu and Vermilion Parishes. Spatial 


conductivity patterns observed at all locations were associated with changes in soil properties and 
the presence buried utility pipe lines within two of the sites surveyed. Changes in salt content, 
clay content, moisture content and landscape position were associated with changes in apparent 
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conductivity. The presence of salts appeared to dominate other soils factors at the sites. The 
influence of sea water inundation from recent hurricanes is thought to have elevated salt 
concentrations in many areas. EMI surveys revealed highly variable changes in apparent 
conductivity over relatively short distances, where salts were thought to be present. EMI surveys 
revealed higher apparent conductivity (elevated levels of salinity) at locations recently used for 
oil production (oil wells). These sites contained brine/evaporation pits that were thought to 
contribute to elevated levels of salinity.  


 
3. The Dualem-1S meter is being used by the soils staff to assess changes in salinity across the 


region. In areas inundated from sea water from recent hurricanes, elevated salt contents are 
thought to decrease over time, due to the “flushing” effect from rainfall and changing climatic 
factors. The length of time required to significantly lower salt content is not known and it is 
hoped that repeated comparative EMI surveys conducted in these salinized soils will help the 
soils staff gain a better knowledge while dealing with salinity issues.  


 
4. Results from the EMI surveys (apparent conductivity) were compared to electrical conductivity 


(ECe) measurements recorded by the field staff at survey sites using a portable ECe meter (hand 
probe). This field testing method provided quick onsite comparisons and ground truthing. Results 
were encouraging as there appeared to be a good association with changes in ECe and associated 
changes in salinity as interpreted from EMI spatial conductivity maps. In general, higher ECe 
measurements were recorded in areas where higher ECa measurements were observed and lower 
ECe measurements were observed in areas containing lower ECa measurements. 
 


5. Follow up study/training is tentatively planned for FY 2012.  A broader based salinity study is 
planned to try and establish some approximate ranges (benchmarks) of ECa with associated soils. 
Establishing ranges in ECa in soils that have been inundated with sea water and soils not 
subjected to inundation will help determine the severity of current and future levels of storm 
induced salinization. By establishing comparative benchmarks for a particular soil with and 
without inundation will help with current and future salinity assessments. 
 


6. Geophysical interpretations are considered preliminary estimates of site conditions.  The results 
of all geophysical investigations are interpretive and do not substitute for direct soil borings.  The 
use of geophysical methods can reduce the number of soil observations, direct their placement, 
and supplement their interpretations.  Interpretations should be verified by ground-truth 
observations.   


 
 
 
It was a pleasure for Wes Tuttle to work again in Louisiana with members of your fine staff. 
 
Sincerely, 
 
/s/ 
 
JONATHAN W. HEMPEL 
Director 
National Soil Survey Center 
 
 
cc: 
C. Guillory, State Soil Scientist, USDA-NRCS, 3737 Government Street, Alexandria, Louisiana 71302 
J. Doolittle, Research Soil Scientist, USDA-NRCS-NSSC, 11 Campus Boulevard, Suite 200, Newtown  
        Square, PA 19073 
M. Golden, Director of Soils Survey Division, USDA-NRCS, Room 4250 South Building, 14th & Independence                     
        Ave. SW, Washington, DC 20250             
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M. Lindsey, Soil Scientist, USDA-NRCS, 5832 I-49 N. Service Road, Opelousas, LA 70570 
M. Mouton, Soil Scientist, USDA-NRCS, 5832 I-49 N. Service Road, Opelousas, LA 70570 
G. Trahan, MLRA Soil Survey Leader, USDA-NRCS, 5832 I-49 N. Service Road, Opelousas, LA 70570  
W. Tuttle, Soil Scientist (Geophysical), USDA-NRCS-NSSC, P.O. Box 60, Federal Building, 207 West Main Street, 
       Wilkesboro, NC 28697                           
L. West, National Leader for Soil Survey Research and Laboratory, USDA-NRCS, National Soil Survey Center, 


Federal Building, Room 152, 100 Centennial Mall North, Lincoln, NE 68508-3866 
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This technical report was prepared by Wes Tuttle, Geophysical Soil Scientist, USDA-NRCS-NSSC, 


Wilkesboro, NC. 
 
Equipment: 
Dualem Inc. manufactures the Dualem-1S meter.1 Taylor (2008) describes the principles of operation for 
this meter.  The meter consists of one transmitter and two receiver coils.  One receiver coil and the 
transmitter coil provide perpendicular (PRP) geometry. The other receiver coil provides a horizontal co-
planar (HCP) geometry with the transmitter coil. This dual system permits two depths to be 
simultaneously measured without rotating the coils.  The depth of penetration is "geometry limited" and is 
dependent upon the intercoil spacing and coil geometry. The Dualem-1S meter operates at a frequency of 
about 9 kHz. The Dualem-1S meter has a 1-m intercoil spacing and provides penetration depths of 0.5 
and 1.5 m in the PRP and HCP geometries, respectively. The meter is keypad operated and measurements 
can either be automatically or manually triggered. 
 
Geonics Limited manufactures the EM38 meter.1  This meter is portable and requires only one person to 
operate.  No ground contact is required with this meter.  McNeill (1980) and Geonics Limited (1998) 
have described principles of operation for the EM38 meter. Lateral resolution is approximately equal to 
its intercoil spacing.  The EM38 meter has a 1 m intercoil spacing and operates at a frequency of 14,600 
Hz.  When placed on the soil surface, this instrument has a theoretical penetration depth of about 0.75 and 
1.5 m in the horizontal and vertical dipole orientations, respectively (Geonics Limited, 1998). Values of 
apparent conductivity are expressed in millisiemens per meter (mS/m). 
 
The Allegro CX field computer was used in combination with the Dualem-1S meter and the Geonics 
EM38 meter to record and store EMI data. The field computer is keypad operated and measurements can 
either be automatically or manually triggered. EMI data was geo-referenced with a Holux GR-213 GPS 
receiver, Holux GM-210 GPS receiver.1  
 
To help summarize the results of this study, the SURFER for Windows (version 8.0) developed by 
Golden Software, Inc. was used to construct two-dimensional simulations.  Grids were created using 
kriging methods with an octant search.  
 
 
A New Generation of Soil Mapping Tools: 
Alternative methods for mapping soils and soil properties are being evaluated by NRCS.  The availability 
of computers, global positioning systems (GPS), geographical information systems (GIS), and 
geophysical tools are changing the way we look at and map soils.  Because of their speed and ease of use, 
electromagnetic induction (EMI) has significant advantages over conventional soil survey techniques.  
The efficiency of EMI fosters the collection of larger data sets than is possible with conventional soil 
survey techniques.  Because of the larger number of observations, maps prepared from EMI data can 
provide higher levels of resolution than soil maps prepared with conventional methods (Jaynes, 1995). In 
many areas, spatial patterns of apparent conductivity correspond well with the soil patterns shown on soil 
survey maps.  For high intensity soil mapping, maps of apparent conductivity have been recommended as 
a surrogate for soil survey maps (Jaynes, 1995).   
 
Electromagnetic Induction: 
Electromagnetic induction is a noninvasive geophysical tool that is used for high intensity surveys and 
detailed site assessments.  Advantages of EMI are its portability, speed of operation, flexible observation 
depths, and moderate resolution of subsurface features.  Results of EMI surveys are interpretable in the  
field.  This geophysical method can provide in a relatively short time the large number of observations 
that are needed to comprehensively cover sites.  Maps prepared from correctly interpreted EMI data  
1 Manufacturer's names are provided for specific information; use does not constitute endorsement. 
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provide the basis for characterizing site conditions, planning further investigations, and locating sampling 
or monitoring sites. 
 
Electromagnetic induction uses electromagnetic energy to measure the apparent conductivity (ECa) of 
earthen materials.  Current flow is induced into the soil. This induced current flow is proportional to the 
electrical conductivity of the conducting body (ECa) for a given strength of EM field. The current flow 
creates a secondary electromagnetic field, the strength of which is proportional of the current flow, and 
hence, to ECa. ECa may be inferred from the magnitude of the induced secondary EM field generated 
upon imposition of a primary EM field on the conductor (soil) (Corwin and Rhoades, 1990).  
 
Apparent conductivity is a weighted, average conductivity measurement for a column of earthen materials 
to a specific depth (Greenhouse and Slaine, 1983). Variations in apparent conductivity are caused by 
changes in the electrical conductivity of earthen materials.  Electrical conductivity is influenced by the 
volumetric water content, phase of the soil water, temperature, type and concentration of ions in solution, 
and amount and type of clays in the soil matrix (McNeill, 1980).  Apparent conductivity is principally a 
measure of the combined interaction of the soil’s soluble salt content, clay content and mineralogy, and 
water content.  The apparent conductivity of soils increases with increased soluble salts, clay, and water 
contents (Kachanoski et al., 1988; Rhoades et al., 1976).  In any soil-landscape, variations in one or more 
of these factors may dominate the EMI response.   
 
Though seldom diagnostic in itself, lateral and vertical variations in apparent conductivity have been used 
to infer changes in soils and soil properties.  As EMI measurements integrate the bulk physical and 
chemical properties for a defined observation depth into a single value, responses can be associated with 
changes in soils and soil map units (Doolittle et al., 1996; Jaynes et al., 1993).  For each soil, the inherent 
variability in physical and chemical properties, as well as temporal variations in soil water and 
temperature, will establish a unique and characteristic range of observable apparent conductivity values.  
Recently, EMI has been used as a soil-mapping tool to assist precision farming (Jaynes et al., 1993; 
Sudduth et al., 1995).   
 
Electromagnetic induction is not suitable for use in all soil investigations.  Generally, the use of EMI has 
been most successful in areas where subsurface properties are reasonably homogeneous. The effects of 
one property (e.g. clay, water, or salt content) dominates over the other properties, and variations in EMI 
response can be related to changes in the dominant property (Cook et al., 1992).  Within a given 
geographic area, most similar soils should have comparable EMI responses.  Dissimilar soils should have 
disparate EMI responses.  However, the conductivities of some similar and dissimilar soils will overlap.  
This occurs where contrasts in EMI responses caused by differences in one property are offset by 
differences in another property.  Some soil properties and soils can be inferred or predicted with EMI, 
provided one is cognizant of changes in parent materials, topography, drainage, and vegetation. 
 
 
Overview 
Following recent years of catastrophic flooding and inundation from devastating hurricanes that ravaged 
the Gulf coast, soil salinity has become a major issue along many portions of this region. Flooding not 
only occurred along the coast line but salt water also inundated soils several miles well into the mainland.  
Thousands of acres were inundated with sea water for prolonged periods of time resulting in elevated 
salinity. EMI has become a valuable tool for assessing salinity in the region. The soils staff in Opelousas, 
LA has acquired a Dualem-1S conductivity meter to help better assess changes in salinity throughout the 
region. EMI surveys have been conducted to get a better assessment of changes in salt concentrations 
across the region.  
 
During this field investigation, results from EMI surveys were compared to electrical conductivity (ECe) 
measurements taken by the field staff at survey sites using a portable ECe meter (hand probe). This field 
testing method provided quick onsite comparisons and ground truthing. Results were encouraging as there 
appeared to be a good association with changes in ECe and changes in salinity as interpreted from EMI 
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spatial conductivity maps - apparent conductivity (ECa). The soils staff in Opelousas, LA plans to use the 
conductivity meter to further assess changes in salinity over time and observe the effects of rainfall and 
see if a “flushing “ of salts occurs in soils inundated from sea water. The Dualem-1S meter will also be 
used to provide ancillary information related to other soils issues. 
 
 
EMI Surveys 
 
Site 1 
Iberia Parish (Ben Langlinais property) 
 
The study site was located approximately 2.5 miles east of the community of Delcambre, in Iberia Parish, 
Louisiana. The site was located in cropland.  The site was in an area that has been mapped Jeanerette, silt 
loam (Web Soil Survey). The very deep, somewhat poorly drained, Jeanerette soils formed in loess or 
silty alluvium on broad, nearly level areas or slight depressions on late Pleistocene age terraces. Jeanerette 
is a member of the fine-silty, mixed, superactive, thermic Typic Argiaquolls family.  
 
 


 
Photo 1. An electromagnetic induction (EMI) survey is being completed across an area of Jeanerette silt 
loam to assess the area for changing salinity. The site is located inland approximately 7 miles north of 
Vermilion Bay which empties in the Gulf of Mexico.  
 


 
Survey Design: 
A semi-triangular shaped grid was established across the site. Survey procedures were simplified to 
expedite fieldwork. A mobile EMI survey was completed with the Dualem-1S meter by towing the 
instrument in a sled with an ATV at a fairly uniform pace along similarly numbered parallel survey lines 
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in a back and forth pattern while maintaining a 10 m interval spacing. The Dualem-1S meter was 
positioned in the sled at a height of approximately 10 cm (4 inches) above the soil surface and was 
operated in the continuous mode with measurements recorded at a 1-sec interval. Measurements of 
apparent conductivity were geo-referenced and collected in the HCP (deeper sensing) and PRP (shallower 
sensing) geometries. 
 
Results: 
A total of 2458 measurements were recorded with the Dualem-1S meter in the deeper sensing HCP 
geometry. Apparent conductivity averaged about 114.5 mS/m with a range of 90.2 to 171.6 mS/m. One-
half the observations had values of apparent conductivity between about 105.8 and 120.8 mS/m.  
 
A total of 2458 measurements were recorded with the Dualem-1S meter in the shallower sensing PRP 
geometry. Apparent conductivity averaged about 91.6 mS/m with a range of 69.7 to 183.4 mS/m. One-
half the observations had values of apparent conductivity between about 84.1 and 96.7 mS/m.  
 
Changes in apparent conductivity across the survey area (Figures 1 and 2) were thought to dominantly be 
associated with changes in soil characteristics. Higher apparent conductivity (ECa) was thought to be 
attributed to an increase in salt, clay and moisture content, relative to other portions of the survey area. 
The highest apparent conductivity observed in portions of the survey area was thought to dominantly be 
influenced by the presence of salts. Even though the measurements observed here are not alarmingly high 
(130 – 140 mS/m), these values are higher than normally recognized for soils not containing appreciable 
amounts of salts.  
 
In Figures 1 and 2, a distinct linear feature (higher apparent conductivity) trending northwest to southeast 
is very apparent and well defined. Two underground utility pipe lines were identified crossing the site at 
this location. Figure 1 also shows a map processed in the metal detection phase (greater sensitivity to 
metallic objects). The underlying metallic pipeline was very evident in this survey. 
 
A comparison of the surveys (Figures 2) completed with the Dualem-1S in the deeper (0 - 1.5 m) and 
shallower geometries (0 – 0.5 m) resulted in similar interpretations. Overall spatial patterns of 
conductivity were relatively similar. The deeper sensing HCP geometry resulted in a better quality 
interpretative spatial map of apparent conductivity. The average conductivity was also higher in the HCP 
geometry.  
 
Hand probe measurements (EC/salinity probe) were recorded across the site. A general trend across the 
site shows a good association with changes in ECa (apparent conductivity) and ECe (electrical 
conductivity). Higher measurements of ECe were observed in areas with higher ECa. The Field Scout 
Soil and Water EC meter (24” hand probe) was used to collect ECe measurements. The Field Scout hand 
probe appears to be an excellent tool for quick onsite salinity assessments.  
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Figures 1. The diagrams above represent spatial patterns of apparent conductivity measurements 
(measured in millisiemens per meter (mS/m)) and metal detection (measured in parts per thousand 
(ppt)) collected in an area of Jeanerette silt loam with the Dualem-1S meter in the deeper sensing 
geometry (0 – 1.5 meters).     
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Figures 2.  ArcGIS presentations of an EMI survey completed with the Dualem-1S conductivity meter at 
the Ben Langlinais site and prepared by the NRCS staff in Opelousas, LA. The diagram (survey) on the 
left was collected in the shallower sensing PRP geometry (0 - 0.5 meter) and the diagram (survey) on the 
right was collected in the deeper sensing HCP geometry (0 - 1.5 meters). Areas in red are associated with 
higher apparent conductivity.    
 


           
Site 2 
Calcasieu Parish (Oil well/Brine waste site) 
The study site was located approximately 12 miles northwest of Lake Charles, in Calcasieu Parish, 
Louisiana. The site was located in woodland. The site was formerly used for oil well production. The site 
is very severely eroded with some areas experiencing gullies in excess of 10 feet in depth. Brine waste 
water (by-product from the oil well mining process)) has flowed across this area and has wreaked havoc 
on the site. Remediation efforts have been discussed at the site but damage is thought to be so severe that 
the cost factor makes sufficient remediation of the site difficult, economically speaking. High levels of 
salts are thought to still be present at the site. Most of the site is void of any plant growth, except small 
isolated “islands” within the site and along fringe areas bordering woodland (areas with lower amounts of 
overland flow of brine waste water). An EMI survey was conducted at the site to assess apparent 
conductivity and associated salinity levels.  
 
The site was in an area that has been mapped Glenmora silt loam, 1 to 3 percent slopes (Web Soil 
Survey). The very deep, moderately well drained Glenmora soils formed in mixed fluvial sediment of 
mid-Pleistocene age on terraces of broad steam divides. Glenmora is a member of the fine-silty, siliceous, 
active, thermic Glossaquic Paleudalfs family.  
 
Survey Design: 
A wildcat EMI survey was conducted across the site. The very severely eroded area (gullies) made a 
conventional grid set-up impractical. An EMI survey was completed with the EM38 meter and the 
Dualem-1S meter by walking at a fairly uniform pace while trying to maintain a semi-equi-distant spacing 
between survey lines to accurately capture changes in apparent conductivity. The Dualem-1S meter and 
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the EM38 meter were carried at a height of approximately 10 cm (4 inches) above the surface and were 
operated in the continuous mode with measurements recorded at a 1-sec interval. Measurements of 
apparent conductivity were collected in the deeper sensing HCP geometry (0 - 1.5 m) and the shallower 
sensing PRP geometry (0 - 0.5 m) with the Dualem-1S meter and in the vertical dipole orientation (0 - 1.5 
m) with the EM38 meter. Measurements of apparent conductivity were geo-referenced. 
 


 
Photo 3. An electromagnetic induction (EMI) survey is being completed across an area of Glenmora silt 
loam, 1 to 3 percent slopes to assess the area for changing salinity. The site has been used for oil well 
production but has since been abandoned. The site is in need of remediation but cost effective measures 
of repair at the site are still in discussion. High salt concentrations remaining from the brine water by-
product, as a result of the mining process have severely impacted the site. 
 
 
Results: 
A total of 1276 measurements were recorded with the Dualem-1S meter in the HCP geometry (0 - 1.5 m). 
Apparent conductivity averaged about 184.4 mS/m with a range of 27.8 to 579.8 mS/m. One-half the 
observations had values of apparent conductivity between about 109.3 and 227.8 mS/m.  
 
A total of 3540 measurements were recorded with the EM38 meter in the vertical dipole orientation (0 - 
1.5 m). Apparent conductivity averaged about 174.5 mS/m with a range of -205.5 to 840.4 mS/m. One-
half the observations had values of apparent conductivity between about 90.4 and 227.8 mS/m.  
 
Comparative EMI surveys conducted at the site with the Dualem-1S and the Geonics EM38 meter 
resulted in similar spatial patterns. Spatial patterns were similar in appearance and result in similar 
interpretations. Average apparent conductivity and range in conductivity were relatively similar with 
some variation in extremes between instruments which is to be expected. Survey paths were not identical 
and slight variations in survey lines resulted in variations in measurements. Negative values observed in 
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the EM38 survey was thought to be attributed to the presence of metal within the survey area (metal pipes 
were observed across the survey area).  
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Figure 3.  Spatial pattern of apparent conductivity measured with the EM38 meter in an area of 
Glenmora silt loam, 1 to 3 percent slopes. Apparent conductivity is measured in mS/m 
(millisiemens/meter). 
 
In Figure 3, the yellow, orange and red colors are associated with higher apparent conductivity and are 
thought to be attributed to higher concentrations of salts. Apparent conductivity in excess of 700 mS/m 
was observed and suggests that very high salt concentrations still exist at the site. The site is mostly void 
of vegetation except for fringe areas adjoining the woodland and small “islands” containing small trees 
and understory vegetation with lower salt concentrations. Higher amounts of salts still present at the site 
have had and are having a severe impact on vegetation. Portions of the EMI survey were conducted in 
soils thought to be less influenced from higher salt concentrations and brine water flow (outer fringe 
areas). This “standard” (apparent conductivity of naturally occurring soils (Glenmora soil)) observed in 
fringe areas was in the 30 to 40 mS/m apparent conductivity range.  Measurements in excess of these 
values were thought to reflect the influence of salt concentrations across the site from earlier mining 
operations.  
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The Opelousas MLRA soil survey staff hopes to use EMI to further assess areas containing elevated 
salinity levels, both man-induced and also in areas subjected to natural disasters such as sea water 
inundation from hurricanes. 
 
Site 3 
Vermilion Parish (Stelly property) 


 
The study site was located approximately 4 miles southwest of the community of Forked Island, in 
Vermilion Parish, Louisiana. The site was located in pastureland.  The site was in an area that has been 
mapped Judice silty clay loam and Midland silty clay loam (Web Soil Survey). The very deep, poorly 
drained Judice soils formed on nearly level and broad depressional areas, in clayey sediments on terraces 
of late Pleistocene age. The very deep, poorly drained Midland soils formed in clayey sediments on low 
concave terraces above stream channels on uplands of late Pleistocene age. Judice is a member of the 
fine, smectitic, thermic Typic Epiaquerts family. Midland is a member of the fine, smectitic, thermic 
Chromic Vertic Epiaqualfs family.  
 
Survey Design: 
A 300m x 130m semi-rectangular grid was established across the site. Survey procedures were simplified 
to expedite fieldwork. A mobile EMI survey was completed with the Dualem-1S meter by towing the 
instrument in a sled with an ATV at a fairly uniform pace along similarly numbered parallel survey lines 
in a back and forth pattern while maintaining a 10 m interval spacing. The Dualem-1S meter was 
positioned in the sled at a height of approximately 10 cm (4 inches) above the soil surface and was 
operated in the continuous mode with measurements recorded at a 1-sec interval. Measurements of 
apparent conductivity were geo-referenced and collected in the HCP (deeper sensing) and PRP (shallower 
sensing) geometries. 
 


 
Horizontal Coplanar Geometry (HCP) (0 - 1.5 meters) 
 


 
Perpendicular Geometry (PRP) (0 - 0.5 meters) 
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Figures 4.  ArcGIS presentations of an EMI survey completed with the Dualem-1S conductivity meter at 
the Stelly site and prepared by the NRCS staff in Opelousas, LA. The upper diagram (survey) was 
collected in the deeper sensing HCP geometry (0 - 1.5 meters) and the lower diagram (survey) was 
collected in the shallower sensing PRP geometry (0 - 0.5 meter). Areas in red are associated with higher 
apparent conductivity. 
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Figures 5. The diagrams above represent spatial patterns of apparent conductivity (measured in 
millisiemens per meter (mS/m)) and metal detection (measured in parts per thousand (ppt)) 
measurements were collected simultaneously collected with the Dualem-1S meter in the deeper sensing 
geometry (0 - 1.5 meters). These figures were processed using Surfer processing software.           
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Photos 1 and 2. (Right photo)-An electromagnetic induction (EMI) survey is being completed across an 
area of Judice silty clay loam and Midland silty clay loam to assess the area for changing salinity. The 
Dualem-1S meter (left photo-close-up) is being towed in a sled while measurements of apparent 
conductivity are geo-referenced and stored in an Allegro field data recorder for later post-processing. 
This site is located inland approximately 7 miles west of Vermilion Bay which empties in the Gulf of 
Mexico. The site was inundated during Hurricane Rita and Hurricane Ike and still contains elevated salt 
concentrations.  
 
Results: 
A total of 1894 measurements were recorded with the Dualem-1S meter in the deeper sensing HCP 
geometry. Apparent conductivity averaged about 148.8 mS/m with a range of 117.8 to 194.7 mS/m. One-
half the observations had values of apparent conductivity between about 142.7 and 155.3 mS/m.  
 
A total of 1894 measurements were recorded with the Dualem-1S meter in the shallower sensing PRP 
geometry. Apparent conductivity averaged about 112.4 mS/m with a range of 84.2 to 217.2 mS/m. One-
half the observations had values of apparent conductivity between about 105.0 and 117.5 mS/m.  
 
Changes in apparent conductivity across the survey area (Figures 4 and 5) were thought to be associated 
with changes in soil characteristics. Higher apparent conductivity was thought to be attributed to an 
increase in salt content across the survey area. In Figures 4, the deeper sensing HCP geometry was 
thought to result in a better interpretative map of the survey area even though a comparison of the HCP 
and PRP geometries are similar, interpretatively speaking. Areas with higher apparent conductivity are 
more pronounced in the deeper sensing HCP geometry. Overall, the deeper sensing HCP geometry 
resulted in slightly higher apparent conductivity which suggests an increase in salts with increasing depth, 
generally speaking within the survey area. Figures 5 display the same grid area as Figures 4 but use 
Surfer processing software. 
 
In Figures 5 (lower diagram) the “metal detection phase” more definitively shows the location of a gas 
pipeline that is located within the survey area. Higher apparent conductivity can be observed in Figures 4 
and 5 in this same location in the diagram but the additional data (verification) gained from the “metal 
detection phase” using the Dualem-1S is very advantageous when making interpretations. 
 
 
Electrical conductivity (ECe) measurements were recorded at different locations across the survey area 
using the Field Scout Soil and Water EC meter (24” hand probe). Sample locations were selected using 
the spatial conductivity map (ECa) generated from the EMI survey of the site. Locations were selected to 
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represent variations in ECa across the survey area with measurements taken dominantly at depths in the 3 
to 18 inch range. A good association was observed with changes in ECe and ECa across the survey area. 
Higher ECe measurements were recorded in areas where higher ECa measurements were observed and 
lower ECe measurements were observed in areas containing lower ECa measurements. 
 
Geophysical interpretations are considered preliminary estimates of site conditions.  The results of all 
geophysical investigations are interpretive and do not substitute for direct soil borings.  The use of 
geophysical methods can reduce the number of soil observations, direct their placement, and supplement 
their interpretations.  Interpretations should be verified by ground-truth observations.   
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