
Handheld XRF Technology Determines 
Surface Mercury Contamination 

Thermo Scientific Niton Handheld XRF Analyzers Enable Rapid, 

On-Site Elemental Analysis
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Introduction
Mercury is a highly toxic element that enters the 
environment through both natural and anthropogenic 
(human-linked) pathways. Mercury is considered a 
significant environmental problem due to its ability 
to bioaccumulate in the aquatic food chain and 
eventually affect human health. The most toxic form 
for dietary intake is methylmercury [CH3Hg]. Exposure 
to methylmercury affects the immune system, alters 
genetic and enzyme systems, and damages the nervous 
system. The most toxic form of exposure through 
inhalation is elemental mercury (Hg). High levels of 
elemental mercury are usually confined to industrial 
settings or mercury spill events.  

Direct release of mercury to aquatic ecosystems has 
been dramatically reduced but continues to be an area 
of concern. Some of the anthropogenic sources include 
coal-fired utility plants, the oil and gas industry, steel 
scrap processing facilities, gold production, and waste 
incineration. In the past 10 years, there has been an 
increased focus on developing mercury-control policies 
and regulations at the national and international level.  
The increased global emphasis on reducing mercury 
emissions provides support for new control technology 
development, new and better monitoring equipment, 
and advanced research studies.

Impact of Mercury in the Oil and Gas Industry
Mercury is a naturally occurring element, present in 
virtually all oil and gas. Mercury levels in crude oil 
and gas can vary widely, both between and within 
reservoirs and geographical areas. Concentrations vary 
from low ppb (parts per billion) to low ppm (parts 
per million) levels. Mercury compounds in crude are 
largely elemental and inorganic compounds such as 
mercuric sulfide.

Mercury poses several issues for refineries. In addition 
to the environmental and health issues, mercury 
is also detrimental to the refining process through 
amalgamation with other metals, poisoning of 
catalysts, and liquid metal embrittlement (cracking) 
with metals such as aluminum. Mercury species from 
crude oil may accumulate in processing equipment 
over time. During refinery distillation, the segment of 
elemental mercury vapor is predominantly distributed 
in liquefied petroleum gas (LPG) and light distillate 
streams. But due to its weight, it can also be found in 

the residual fraction, which also contains the majority 
of the insoluble and inorganic mercury salts. Of 
particular concern are LNG and LPG cryogenic heat 
exchangers made of aluminum alloy.

Mercury accumulations point up many operational 
concerns and may require special procedures:

• Environmental issues and potential waste issues
• Health and safety issues, including volatile sources, 

surface contamination, and particulate contamination 
during hot work. Assets exposed to mercury must be 
decontaminated prior to further use. Workplace TWA 
exposure limits are determined as 0.025 mg/m3.

• Safety issues, including prevention of corrosion 
by metal amalgamation or possible liquid metal 
embrittlement (LME).

Inside marine vessels and storage tanks, mercury could 
produce similar conditions. Wash water could strip out 
a soluble mercury component. Elemental and inorganic 
mercury could be a risk in tank bottoms and sludge. 
Since crude oil tanks are seldom coated, elemental 
mercury could form an amalgamation with the steel. 
The partial vapor pressure of mercury could result in a 
greater concentration in a saturated atmosphere.

Handheld X-ray fluorescence (XRF) provides the oil and gas 
industry with significant improvement over current testing 
practices for surface mercury contamination.



Impact of Mercury in Scrap Recycling
Scrap processing facilities obtain scrap metal from 
various sources. These typically include automobiles, 
appliances, and other types of scrap metal. This scrap 
metal is melted in minimills using electric arc furnaces 
and electric induction furnaces. Several of the products 
recycled at minimills may contain mercury, most notably 
vehicles or appliances. Mercury switches and other 
components must be removed from end-of-life vehicles 
and other products prior to crushing or shredding. 
Mercury cannot be removed from the steel mill scrap feed 
after the recycled material has been crushed or shredded, 
which means that mercury-contaminated material needs 
to be removed at an early stage of the recycling process. 
The U.S. EPA has issued guidance regarding the smelting 
of scrap cars that potentially have mercury-containing 
electronic switches. The guidance uses a level of 0.5 
grams mercury per 1.4 metric tons of steel.

Mercury Testing and Analysis  
Traditionally, surface mercury analysis of metal samples 
has been performed by laboratory analysis. Atomic 
absorption spectroscopy (AAS) is one such laboratory 
method, but this takes time and is not always practical. 
Field portable mercury vapor analyzers are effective 
for measuring airborne mercury levels, but don’t detect 
mercury surface contamination such as mercury sulfide 
deposits.

The handheld X-ray fluorescence (XRF) technique offers 
a quick, real-time and cost-effective way of screening 
mercury surface contamination. Handheld XRF 
technology is already a proven method to detect mercury 
from electric/electronic products for compliance with 
the EU Restriction of Hazardous Substances (RoHS) 
directive. It is also widely used as a first screening step for 
mercury contamination in soil samples, and in some cases 
for confirmatory testing. Overall, the XRF field technique 
provides a significant improvement over current practices 
to detect mercury contamination. 

Niton XL3t Handheld XRF Determines Surface 
Mercury Concentration  
To detect surface mercury contamination, elemental 
analysis with portable XRF is an ideal choice. Thermo 
Scientific™ Niton™ XL3t series XRF analyzers allow for 
fast, accurate, and precise analysis of mercury and other 
elements in the field. 

Two different mercury analysis modes are available for 
the Niton XL3t series instruments. Using the General 
Metal analysis mode, the instrument will report mercury 

as % weight or ppm. Using the Coatings measurement 
mode, the instrument will report mercury as coating 
weight (µg/cm2). The General Metal mode can be used 
for quick pass/fail screening to determine if the sample 
contains mercury. Coatings mode provides accurate 
coating weight to determine the precise amount of 
mercury in the contaminated sample. The most common 
alloys, such as iron, nickel or copper-based materials, do 
not form alloys with mercury; mercury is always surface 
contamination, which makes the coating weight analysis 
the best way to quantify the mercury level. 

The data in Table 1 details the impressive precision of 
Niton XL3t GOLDD+ instrument for low level mercury 
analysis on steel. In this case, the mercury coating 
weight was only 2.6 µg/cm2. The Niton XL3t GOLDD+ 
analyzer’s mercury detection limit is less than 1 µg/cm2 
when a measurement time of 30 seconds is used. The 
user can select the actual analysis time freely based on 
required analysis precision. Increasing the analysis time 
will reduce the detection limits by the square root of the 
increased time. 

Figure 1 shows the correlation curves and lab-certified 
results vs. the Niton XL3t GOLDD+ analyzer results for 
Hg coating weight. The coefficient of determination (R2) 
for mercury was 99.4%, showing impressive accuracy 
for low levels of mercury using the Niton XL3t Coatings 
analysis mode.
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Replicate Hg (µg/cm2)

1 2.82

2 2.47

3 2.74

4 2.15

5 2.23

6 2.62

7 2.83

8 2.53

9 2.01

10 2.19

Avg. 2.46

Std. Dev. 0.30

Given 2.70

Figure 1: Hg coating weight accuracy, using the Niton XL3t 
GOLDD+ analyzer.
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Thermo Scientific Niton analyzers offer scrap recyclers fast, 
portable and cost-effective screening for surface mercury 
contamination.

Table  1: Repeatability for trace level of Hg contamination on 
steel (30 sec test time). 
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In addition to low detection limits, high accuracy and 
excellent repeatability, handheld XRF technology 
provides a number of distinct advantages over the 
traditional laboratory method:

• Portability – the handheld Niton XL3t GOLDD+ 
analyzer weighs less than 3.5 lbs and is transported in 
a belt holster at the site.

• Completely nondestructive – handheld XRF analysis 
does not damage the sample in any way and that same 
sample can be sent to a laboratory for confirmatory 
analysis.

• Simplicity – handheld XRF technology is very user-
friendly, allowing unskilled operators to participate in 
the inspection process. 

• Traceability – handheld XRF instruments are 
calibrated using NIST-traceable standards.

• Mercury-detection expertise – Niton portable 
XRF analyzers are used by the U.S. Product Safety 
Commission.

• Versatility – the same instrument can be used for 
general metal analysis. Users can identify metal 
alloys and verify mercury contamination with one 
measurement.

Conclusion 
Advances in handheld XRF technology have greatly 
expanded the capabilities of today’s analyzers. Whereas 
for many years the main handheld XRF market was 
metal identification, today’s modern handheld XRF 
instruments can help in many critical applications 
outside traditional alloy identification by providing near 
laboratory-quality analysis in a field-portable package.

To detect mercury contamination in the oil and gas 
and scrap recycling industries, Niton handheld XRF 
analyzers are an ideal choice. The Niton XL3t analyzer 
offers a quick, real-time and cost effective way of 
screening mercury surface contamination. Niton XL3t 
instruments are specifically designed to bring you low 
detection limits, high accuracy, and the fastest analysis 
time for discovering trace elements. They are engineered 
for high performance, reliability, and ease of use, 
providing further evidence of our leadership through 
excellence in innovation.

To discuss your particular applications and performance 
requirements, or to schedule an on-site demonstration, 
please contact your local Thermo Fisher Scientific 
portable analyzer representative or contact us directly by 
email at niton@thermofisher.com, or visit our website at 
www.thermoscientific.com/niton.


