
Abstract
The safety of food sources is becoming increasingly important as the human population expands. With 

this growing demand, peri-urban farming and precision agriculture are becoming more commonplace. However, 
farming in areas adjacent to traffic, industry, and other urban facilities introduces the possibility of food crops 
grown in soil or irrigated with water containing elevated levels of arsenic (As), mercury (Hg), cadmium (Cd), 
chromium (Cr), lead (Pb), and other toxic metals. Additionally, urban sprawl into areas once heavily farmed with 
unregulated pesticides may introduce As and Pb to newly developed community gardens. The use of handheld 
XRF for rapid in-field determination of these toxic metals will be presented. Additionally, advancements in tube 
and detector technology for handheld XRF that now allows field measurements of nutrients and fertilizers, such 
as calcium (Ca), magnesium (Mg), phosphorus (P) and potassium (K), will be discussed. Further, the use of 
handheld XRF-GPS-GIS as an enhancement that provides high intensity soil analysis with spatially modeled on-
site results will be demonstrated.

Introduction
The health hazards associated with elevated levels of As, Hg, Cd, Cr, Pb and other toxic metals are 

well established.  Legally regulated limits in cultivation soil vary from country to country and even city to city. 
Laboratories are well equipped with expensive and time-consuming analytical instrumentation to confirm legal 
regulatory compliance. However, there is a need for more timely determinations of potentially dangerous levels 
of these metals in suspected areas. Growing food in peri-urban areas, locales adjacent to industrial and other 
urban facilities, introduces the distinct possibility of food crops grown in soil or irrigated with water containing 
elevated levels of toxic metals. Pollutant metals can easily seep into the soil, vegetation and ground water. The 
concentrations and mobility of these pollutants can be effected by the soil parent material and indigenous fauna, 
as well as by modifications brought on from climate changes, natural developments and human activity. These 
modifications include variations in dissolved organic carbon, the acidity of the soil and underground water and 
nutrients and fertilizers. Handheld XRF is the ideal tool to screen peri-urban sites prior to agricultural use.

Handheld XRF Technological Advancements
Handheld XRF is a well documented and valuable tool for regulatory driven analysis of heavy and priority 

pollutant metals in residential soils. US EPA Method 6200, published in 2007, is an environmental measurement 
SOP entitled, “Field Portable XRF for the Determination of Elemental Concentrations in Soil & Sediment”.1 This 
guide is used by regulators and other analysts for performing in-situ portable XRF field measurements. Basic 
tube-based handheld XRF analyzers configured with SiPin detectors and equipped with appropriate data analysis 
calibrations and algorithms are adequate for the majority of these heavy metals in soil analysis applications. 

The efficacy of handheld XRF for agricultural applications seems obvious; field screening of soil, sediment 
and irrigation water for elevated levels of toxic metals is straightforward. However, handheld XRF has not always 
been advanced enough for field measurements of low levels of nutrients, micronutrients and fertilizers. With the 
advent of highly efficient large area silicon drift detectors, newly selectable anode materials, high 4W powered 
50kV tubes, advanced miniature electronics and processing units, sophisticated algorithms and analysis software, 
handheld XRF analyzers can now perform even faster measurements, provide better detection limits, and allow 
lighter element detection, such as for Ca, Mg, P and K, in the field. The combination of these features combined 
with tighter optical geometries makes the latest advancements in handheld XRF ideal for peri-urban farming and 
precision agriculture applications.

 Note 1: LODs reported are in PPM unless otherwise noted and are optimal. Measurements were taken in air for 120 
seconds per beam. Standards used were in a clean, homogenous SiO2 matrix without interfering elements.

 Note a-e: DELTA 50kV, Ta/Au Tube, SDD, Selectable 3-Beam LODs are as follows a: 3-5; b: 2-3; c: 5-8; d: 5-7;  
e: 20-25 (no Ti interference)

Screening For Elevated Levels Of Toxic Metals
OIX Research Grant awardees at LSU AgCenter studied two peri-urban sites near Baton Rouge, LA. Their 

research objectives were to quantify peri-urban heavy metal contamination in agricultural soils, to validate the  
portable XRF (PXRF) results with ICP-AES analysis, and to develop on-site maps of contaminants using geospatial 
interpolation. Selected data is shown below. One note of interest is their decision to correct ICP results for field 
moisture content as they concluded that the “PXRF readings likely represent true field elemental concentrations 
better than ICP data.” They also concluded that although the industrial activity elevated the concentrations of some 
trace elements such as Cu, Mn, Pb, and Zn, intensified anthropogenic activities such as traffic and residential 
construction played an important role in increasing the concentrations of other trace elements, such as Pb and Zn.2  

Industrial Contaminants
As, Hg, Cu, Cd, Cr, Zn and Pb, are commonly found at the perimeters of metallurgy, electroplating, and steel 

making industries as well as petrochemical refineries, foundries, ammunition plants and shipbuilding facilities. The 
advent of peri-urban farming at or near these facilities introduces the potential of increased levels of toxic metals 
in planting soil. The LSU AgCenter study sites were in the proximity of a petroleum refinery and a chemical plant. 
Their study asserts that frequent production activity and transportation associated with these activities are what 
caused noticeable depletion in As, Co and Cr, but a substantial degree of enrichment of Cu, Mn, Pb and Zn at the 
center.2

Urban Sprawl Contaminants
Urban sprawl into rural areas once heavily farmed with unregulated pesticides for crops and livestock 

introduces remnant pollutants to newly developed back yard and community gardens. Researchers from Geo 
& Hydro – K8 Ltd. used handheld XRF at a former orchard and sheep farm in New Zealand that was being 
developed into a subdivision. Aerial photographs helped plan the assessment with special attention given to 
potential structural and pear tree “hot spots”. Handheld XRF measurements quickly showed numerous hot spots 
near tree stumps and one hot spot near an old spray shed as high as 100,000 ppm As. The handheld XRF was 
used for overall site assessment, remediation effort guidance, and cleanup validation.3

Key: Measured contaminant levels: green shaded - lower than 20mg/kg; green cross hatched - 20-40mg/kg; brown intermittent shading - 40-95mg/kg; 
red shading - over 95mg/kg.3

Measuring Elemental Nutrients For Precision Agriculture
Advancements in handheld XRF tube and detector technology now allow field measurements of nutrients 

and fertilizers, such as Ca, Mg, P and K. These elements as well as aluminum (Al), silicon (Si), phosphorus (P), 
sulfur (S), and chlorine (Cl) are important constituents in the growth of food, wine grapes and even sports turf 
products. In another research project sponsored by OIX, LSU AgCenter researchers determined that “accurate 
Ca quantification in situ has the potential to lead to better nutrient management on farms, allowing producers 
to optimize crop production”. They concluded that the handheld XRF measurements closely correlated with 
true soil Ca content. Additionally, they found that although typical sample treatments of drying, grinding and 
sieving improved the standard deviations of the results, comprehensive calibrations could offset the effects for 
immediately useful in situ quantitative data.4

Handheld XRF Analysis for Peri-Urban Farming and  
Precision Agriculture Applications

K. Russell, Olympus Innov-X, Woburn, MA

Depth ICP F† B‡ B, D§ B, D, GII D and G

Site cm Mean, % S.D. XRD Mean, % S.D. Mean, % S.D. Mean, % S.D. Mean, % S.D. Mean, % S.D.

1  0-4 6.34 0.11 10.41 7.14 0.16 5.77 0.01 6.20 0.38 6.08 0.09 7.16 0.32

 4-10 19.53 0.31 22.10 15.34 0.39 14.45 0.17 15.52 0.40 15.25 0.46 16.43 0.02

 10-30 20.50 0.77 23.23 17.49 0.88 15.80 0.38 16.59 0.45 16.24 0.79 17.94 0.58

2  0-6 3.70 0.03 15.50 4.59 0.47 4.19 0.26 4.39 0.24 4.20 0.20 4.50 0.17

 6-20 5.66 0.00 19.76 4.98 0.53 5.46 0.70 4.91 0.25 4.94 0.11 5.80 0.22

 20-30+ 4.90 0.36 18.63 4.47 0.49 4.53 0.04 4.40 0.46 5.02 0.32 5.08 0.29

3  18-36 2.84 0.05 16.25 4.69 0.86 4.06 0.57 3.54 0.59 3.51 0.20 4.49 0.28

 53-81 4.97 0.47 10.66 7.49 0.63 6.91 1.62 5.95 0.42 5.78 0.19 7.65 0.83

 81-130 6.47 0.25 15.76 8.11 0.82 10.47 0.43 8.80 1.76 7.16 1.21 8.16 0.66

 130-150 4.57 0.29 10.58 6.07 1.45 5.62 0.59 4.46 0.26 4.75 0.24 5.78 0.21

4  3-20 20.10 0.87 22.85 17.84 0.41 15.51 0.24 16.58 1.14 15.28 0.50 18.16 0.60

 58-89 17.38 0.13 21.53 15.69 0.91 15.02 1.40 13.27 0.25 14.35 0.41 16.90 0.31

 157-176 4.13 0.11 6.51 5.37 0.25 4.90 0.81 3.79 1.01 5.62 0.27 5.49 0.65

5  25-48 13.42 0.58 21.81 13.75 0.85 11.90 0.31 12.70 0.20 10.83 0.21 13.62 0.08

 71-102 13.00 0.20 23.05 14.28 0.46 12.51 0.22 12.82 0.58 12.41 0.41 14.71 0.45

 102-160 13.01 0.57 22.38 13.90 1.46 10.94 1.26 13.04 0.99 10.91 0.04 13.94 0.23

6 20.17 0.72 23.04 18.49 0.24 15.95 0.66 15.80 0.40 16.00 0.34 17.90 0.33
†Field;  ‡Bagged;  §Dried;  IIGround

Traffic Roadway
Contaminants

One of the LSU AgCenter study sites 
showed the highest degrees of enrichment 
of Pb and Zn in the southern part of the 
sampling circle which has an interstate 
highway as well as other major local roads 
with high traffic volume.2 Elevated levels 
of Pb are frequently found in farming soil 
adjacent to heavily travelled roadways even 
in those regions that no longer allow Pb in 
gasoline.

Conclusion
In conclusion, soil scientists have demonstrated handheld XRF as an integral tool for peri-urban contaminant 

and nutrient precision agriculture applications. Simple in-situ tests with handheld XRF determine the amount of 
metals or nutrients in soil, sediments or irrigation water within seconds. XRF data integrated with field GPS-GIS 
data provides metal concentration maps allowing for high-density, high volume comprehensive site characteriza-
tions for immediate and effective action. Non-destructive handheld XRF analysis with its quick analysis time and 
high quality measurement capability make it ideal for accurate and cost-effective field assessments of large sites 
such as farm land and new housing developments providing information to help sustain healthy and profitable 
food crops, as well as to help ensure the everyday quality of life.
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Element of
Interest

LODs for DELTA Handheld XRF Configurations1

40 kV Rh Tube, SDD 40kV Ta/Au Tube, SDD 40 kV Au Tube, SiPiN

Selectable 3- & 2-Beams Selectable 3-Beams Selectable 3-Beams
Mg < 1% Not Available Not Available
Al < 0.5% Not Available Not Available
Si < 0.5% Not Available Not Available
P 800 - 1500 500 - 700 1 - 5%
S 150 - 300 100 - 250 0.1 - 0.5%
Cl 100 - 200 60 - 100 500 - 1000
K 40 - 60 30 - 50 150 - 250

Ca 25 - 40 20 - 30 150 - 250
Cr 5 - 10  5 - 10 10 - 30
V 7 - 15 7 - 15 10 - 30

Co 10 - 20 10 - 20 20 - 40
Ni 10 - 20 10 - 20 20 - 40
Mn 10 3 - 5 10 - 30
Ni 10 - 20 10 - 20 20 - 40
Cu 5 - 7 5 - 7 15 - 30
Zn 3 - 5 3 - 5 10 - 15
As 1 - 3 1 - 3 4 - 8
Se 1 - 3 1 - 3 4 - 8
Mo 1 - 3 1 3 - 5
Aga 40 - 50 6 - 8 20 - 30
Cdb 12 - 15 6 - 8 20 - 30
Snc 20 - 25 11 - 15 30 - 40
Sbd 15 - 20 12 - 15 30 - 40
Bae 15 - 30 10 - 20 40 - 60
Hg 2 - 4 2 - 4 10 - 15
Pb 2 - 4 1 - 3 5 - 10


