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ABSTRACT 

The study examines mercury in the excavated waste soil for construction in Goodyear 

Development Site in England. The aim is to determine whether the mercury in the excavated 

soil is concentrated at high level as to pose risk to humans, plants and animals. Intrusive 

method of investigation was adopted using X-ray fluorescence spectrometry to generate data. 

The investigation of soil samples from Goodyear Development Site was carried out at 

University of Wolverhampton in West Midlands, England laboratory. The result reveals that 

the pH value is 7.7 which indicate alkaline. The mercury concentration level in the studied 

area is 0.03% or 300 part per million (ppm) by weight of soil which the threshold is 

considered nonhazardous and insignificant to pose threat to humans, plant and animals. 

Thus, we approximated an acceptable value for mercury concentration in the soil at this site 

based on the results of this study and the consensus findings in other literatures on 

nonhazardous limits of mercury value which corroborate with works of several authors. The 

study, therefore, recommends that similar study be carried out on waste soil excavated for 

use in construction works and development sites to determine the concentration of mercury 

level and ensure it is within the acceptable limits that guarantee safety of humans, plants and 

animals. 

Keywords: Mercury concentration, Methyl mercury, Development Site, Waste soil, X-ray 

fluorescence Spectrometry. 
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INTRODUCTION 

Globally, the chemical element mercury exists everywhere, it is classified as among the 

elements of environmental concern; therefore, it is a vital factor for consideration in 

construction and development sites to avoid the contamination of the environment above the 

threshold level that is hazardous to human health, plants and animals. Gworek, et al. (2020) 

admit that mercury is one of the elements of environmental concern that is toxic, persistent, 

more degradable, mobile and volatile contaminant due to its compounds. The EPA 

(Environmental Protection Agency, 1997) comment that mercury cannot be created or 

destroyed and the same quantity are still in existence since time immemorial. More so, 

mercury varies in chemical and physical form and these potentials make it possible once 

released in the biosphere it remain in the atmosphere for long time thereby makes it possible 

for its extensive dispersal and transportation to long distances before its set down on earth. In 

addition, mercury experience various chemical and physical alterations in the atmosphere, 

land and water which at high concentration exposes human, plants and animals to life risks 

and at times causes death (Environmental Protection Agency, 1997). 

Mercury, existence in the environment is both natural and through anthropogenic processes. 

Studies indicate that mercury exists naturally in the soil from geologic sources such as 

volcanoes, geothermal sources, topsoil enriched in mercury (Rice et al. 2014; Obrisk, 2018). 

There is a consensus among scientists that mercury is also released into the environment 

through anthropogenic sources through mining, melting processes, surface spills, wastewater 

discharge, or condenses atmospheric mercury release during rainfall onto the topsoil and 

retained by means of absorption and adsorption process (Biester, Muller and Scholer, 2002; 

Rule and Iwashchenko, 1998; Suciu et al., 2008). Gworek et al. (2017) stress that it is not 

easy to differentiate between natural and anthropogenic emissions from re-emissions that 

emanate from lands and oceans. Furthermore, mercury has the potentials to alter to either 

physiological or biological conditions because it is soluble, toxic, and bio-available  (Biester, 

Muller and Scholar, 2002}. Similarly, Gworek, et al. (2020); Pacyra (2020) highlight that 

mercury is a peculiar chemical element that exhibits well-built chemical and biological 

activity in variability forms such as liquid and gaseous states; it is toxic, persistent, non 

degradable, volatile and mobile pollutant. More so, Biester, Muller and Scholer, (2002) point 

out that mercury undertakes transformation to new distinct compound which is 

physiochemical or biologically different in terms of solubility, toxicity and absorbability in 

the environment.  Arbestain et al. (2009) illustrate that mercury is commonly observed in 

soils as “hot spots” to sites near mercury dependent industrial plants. Accordingly, the EPA 

(Environmental Protection Agency, 1997) states mercury has the potentials to remain in the 

soil for a long time even up till hundred years, hence may continue to release to surface 

waters and other media. In addition, depending on the chemical and physical configuration, 

mercury is released to the topsoil layer, water and environment in different ways and at 

varying threshold levels. 

Nevertheless, mercury has diverse uses in the industry. The EPA (US Environmental 

Protection Agency, 1997) states that mercury is used in the production of fluorescent lamps, 

as active ingredient that conduct electricity, wiring devices and switches, chlorine, caustic 

soda, pharmaceutical products., chlor-alkali. However, the industries are responsible for the 

discharges of their bye-products that constitute nuisance to the environment: chloral kali 

process, cement production, mining and melting, coal-fire power plant burning, battery 

production, waste disposal, oil refining which melt into the environment (Pirrone et al., 

2010). With increase in industrialization, mercury is mobilized and released onto the earth 

surface unevenly, hence environmental life is exposed to more toxic consequences of 
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mercury which manifest various ill-health conditions (Davidson et al., 2004; Rice et al., 

2014).  

However, mercury exists everywhere in three forms namely elemental mercury (pure), 

inorganic mercury compound (mercuric chloride,) and organic mercury compound (mainly 

methyl mercury) (U.S. Environmental Protection Agency 1999; Connor et al., 2019). 

Similarly, Yokoyama (2018) admits there exists three forms of mercury such as elemental 

(liquid form at room temperature and easily evaporates), inorganic which occurs naturally in 

form of divalent salt of mercury such as mercury chloride and organic, the most hazardous, 

with the potential to be bioavailable and bioaccumulate within seafood and it is mainly 

methyl mercury. Gworek et al. (2017) highlight that various forms of atmospheric mercury 

are released on earth either in dry or wet processes. In addition, all forms of mercury 

particularly those released from the industrial processes at high concentration are toxic to 

human, plants and animals. Most mercury encountered in the atmosphere is elemental 

mercury vapour while mercury found in water, soil, sediments or geographical region are in 

the form of inorganic mercury salt and organic form of mercury (US Environmental 

Protection Agency, 1997). All forms of mercury exposure at higher threshold are toxic and 

each form has the potentials to exhibit different human health consequences due to its 

chemical state and route of exposure (Rice et al., 2014). Recent evidence suggests that the 

major source for elemental mercury contamination is through inhalation or its release through 

the mouth from dental amalgam fillings; inorganic mercury compounds products are 

presently regulated or banned and organic mercury compound human exposure is in form of 

methyl mercury contamination is through ingestion of fish (Agency for Toxic Substances and 

Disease Registry 1999; Environmental Protection Agency 1997).  

The relationship between mercury toxicity and human health has been widely investigated 

that mercury contact at high levels has the capacity to harm the brain, heart, kidneys, lungs, 

central nervous system and immune system of the young and elderly (Tchounwou et al., 

2003; Guzzi and Portal, 2008). In addition, methyl mercury at high threshold gain entry in the 

bloodstream of babies developing in the womb as well as young children thereby may harm 

the development of nervous system, hindering their ability to think and learn (U.S. 

Environmental Protection Agency, 1997, 1999; Agency for Toxic Substances and Disease 

Registry (ATSDR) 1999; Rice et al., 2014).  

Furthermore, Gworek, et al. (2020) admit that methyl mercury can be formed both biotically 

and abiotically in the environment with low oxygen levels, low pH, mercury bioavailability, 

temperature, redox existence, and high dissolved organic compound levels that are favourable 

for methyl development. US EPA (Environmental Protection Agency, 1997) points out that 

several factors are responsible for bioaccumulation of mercury in aquatic environment such 

as the acidity of the water, duration of food chain, temperature and dissolved organic matter.  

Similarly, Yin et al. (1996) state that mercury is preserved onto topsoil layer at the range of 

pH 3 to 5. Gworek et al. (2020) add that when the pH increases, adsorption decreases onto 

the topsoil layer because of the increase in dissolved organic matter.  

Wallschlager et al. (1998) observe that organic matter has major influence on mercury 

binding, transformation and transportation progression. In consensus with other authors, 

Hogg, Stewart and Bettany (1978) note other factors that influence mercury retention in 

surface soils includes organic matter, chemical properties such as soil pH which influences 

speciation and solubility.  
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Furthermore, Gworek et al. (2020) highlighted that topsoil mercury existence occurs in the 

oxidized form (Hg2+) to form methyl mercury due to oxidation-reduction accessibility of the 

environment. Besides, mercury has no known biological usefulness, very limited existence in 

the soil as well as low availability for plant uptake. The evapotranspiration habit of plant 

inhibits retention of mercury makes it beneficial to human health in respect to food chain 

protection.  

Nevertheless, the highly toxic effect of mercury is detrimental to human health and 

environment. The toxicity of mercury has generated alarm which led to the banning of 

mercury uses in production in many countries. In United States, mercury is banned, thereby 

makes the exposure minimal (U.S. Environmental Protection Agency, 1999). The consumers 

of fish, shellfish from contaminated water are implicated to assimilate methyl mercury 

(organic mercury) because fish has a natural tendency to bioaccumulate mercury in their 

bodies which has toxic effects in humans and environment. Therefore, mercury has been 

listed as pollutant of environmental concern (U.S Environmental Protection Agency 1994; 

Agency for Toxic Substances and Disease Registry (ATSDR) 1999; Yokoyama 

2018).Furthermore, potential sources of organic mercury exposure are fossil fuel emissions, 

incineration of medical waste, dental amalgam, skin cream, thermometer, incandescent lights, 

and batteries (Guzzi and Porta, 2008). Guzzi and Porta (2008), Tchounwou et al., (2003) 

identify mercury ingestion as the source of kidney damage, renal cancer, mental retardation, 

developmental defect, blindness, neurological deficits, loss of hearing and death. 

1n 2003, United Nation (UN) introduced the Minamata Convention on mercury in Japan  due 

to human lives lost caused by industrial effluent pollution containing mainly methyl mercury. 

Yokoyama (2018) points out the hazard of organic mercury primarily methyl mercury from 

industrial effluents in Minamata in Japan in the  1950s polluted the environment, inflicted 

sickness in humans and caused death. The United States Government Agency for Toxic 

Substances and disease Registrar ranked Mercury as the third toxic elements or substances on 

earth after arsenic and lead that is often discarded into waterways and soil, emitted into our 

atmosphere or ingested in our food and water (US Department of Health and Human 

Services, 1999).   

A large number of scientific publications have been devoted to differentiate the concentration 

level of mercury content that is nonhazardous or hazardous to human health, plants and 

animals. The NIH (National Institute of Health, 2018) points out that assessment of mercury 

contamination can be determined in variety of ways depending in several factors such as 

media to be evaluated (air, liquid, surfaces, solid), contamination history, chemical form, 

regulatory requirement, capability to detect mercury at  levels of concentration and so on. 

Revis et al. (1990) study on soil samples, suggest mercury concentration value of 722 parts 

per million as non hazardous based on acceptable limits for mercury concentration that is non 

hazardous in the literatures.  

In the work of Wang, et al (2012); Li and Jia (2018) mercury non pollutant state on the 

topsoil layer ranges between 0.03 to 0.1 mg/kg with average value of 0.06 mg/kg whereas 

mercury contamination site often have concentrations ranges from 2 to 4 mg/kg by weight of 

soil. Similarly, Pendias and Pendias (2001) point out that the rate of non hazardous range is 

0.05-0.3 mg/kg, its impact on human and environment is not significant to cause harm. 

Steinnes (1997) observes that mercury naturally exists in the soil at concentration of 0.003 to 

4.6 mg/kg whereas Schluter (1993) admits that mercury natural existence in most cases is 

below 0.5 mg/kg. Toth et al. (2016) study of European Union topsoil layer except Croatia 

observes the average concentrations of mercury was 0.04 mg/kg.  
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Obrist et al. (2015) in a study of Western USA states that the average concentration of 

mercury in topsoil layer was 0.019 mg/kg and in average value of 24 mg/kg. Studies have 

identified highly polluted, isolated sites are due to mercury and gold mining areas. The 

ATSDR (Agency for Toxic Substances and Disease Registry 1999) points out that lethal dose 

for most inorganic mercury compounds for adults is 1 to 4 grams (g) or 14 to 52 milligrams 

per kilogram body weight (mg/kg). However, EPA (Environmental Protection Agency 1999) 

has not established the Reference Concentration (RfC) for inorganic mercury such as methyl 

mercury. 

Soil in different parts of the world have been excavated and dumped on the surface of the 

earth containing trace and heavy metals. Various methods of have been employed to detect 

the concentration of elements of environmental concern. Recent evidences (Ene, Bosneaga 

and Georgescu 2009; Connor et al., 2019) suggest that the use of X-ray fluorescence (XRF) is 

a good fast, cheap, non-destructive technique that requires minimal preparation to determine 

simultaneously large number of elements concentration within time constraint. It does not 

require application of acid digestion processes to arrive at conclusive results. It has the 

advantage to produce results rapidly and economically with simple sample preparation. 

Similarly, McComb et al. (2014) add that in the recent relative study reveals that XRF is 

good non-destructive technique for determining contaminated soils, sediments and biological 

samples holding higher concentration of major and trace elements. Besides, XRF qualities 

comprises of fastness and measurements of the total concentration of multi-elements 

simultaneously with little time to prepare solid samples and non-destructive analysis, 

increased total speed, decreased production of hazardous waste. XRF have the capability for 

rapid screening and locating hot spot for uncontaminated soils and sediments. Similarly, 

Bloch and Shapiro (1986) agree that X-ray fluorescence has been used to measure mercury 

and the technique allows for simultaneous measurement of a number of different metals. 

This study was conducted at the Goodyear Dunlop Tyre and Rubber Company Development 

Site and the collected soil samples experiment took place at University of Wolverhampton 

laboratory, West-Midlands, England. Globally, the encompassing question of mercury 

threshold level safety in the development site is to ensure protection on human health, plants 

and animals in the ecosystem form the foundation of this study. This study investigates 

whether mercury content in the imported soil for development is significant or insignificant 

to pose toxic effect to human health, plants, animals and the environment. Besides, the result 

of the samples will be compared with the baseline of the mercury content value by other 

literatures and other government authorities.  

METHODOLOGY 

Description of the Study Area 

Goodyear Dunlop Tyre and Rubber Company development Site delineated for workers 

accommodation, presently, it is among the regeneration scheme to raise houses for the public 

under the control of Wolverhampton City Council (Express and Star News 2015). In 1927, 

the factory that situates on 88 acres was opened in Bushbury lane, approximately two miles 

North of Wolverhampton City Centre and it was finally sold off in 2002 and the site was 

handed over to developer St Modew (Express and Star News, 2016). Wolverhampton is a city 

and Metropolitan borough in the West Midlands, England. The study area lies within latitude 

52
o
  35

1  
28.9320”

 
N and longitude 2

o
 6

 1 
38.6928”

 
W (LatLong.net, n.d). Goodyear 

development site situates in Wolverhampton as shown below in the diagram. 
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(Source: Express and Star News 2015). 

Figure 1. Aerial view of Goodyear Development Site in Wolverhampton. 

The above figure 1 is the location of the study area where Goodyear tyre company 

development site situates for their workers presently under the house scheme regulated by 

Wolverhampton City Council. 
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(Source: Study site photograph, 2013). 

Figure 2. A section of the study site 

The above figure 2 is the photograph snapped at Goodyear tyre Company presently 

delineated to Wolverhampton City Council for building development. The photograph shows 

the excavated soil heap and fence made round it to safeguard against passer-by. Notice board 

placed in the area which regulates human movement within the protected area. 

The execution of this study involved several tasks.  Intrusive method was used to analyze the 

soil samples. Soil samples were collected in polythene bags and sealed immediately after 

collection before it was taken to the laboratory. The soil mercury data was generated with the 

aid of X-Ray fluorescence Spectrometry. 

 Furthermore, the accepted threshold level recognized as significant and insignificant by the 

government authority and other literatures was also used as guideline to determine the 

mercury threshold that can degenerate to hazardous effect in humans, plants and animals. 

Experimental Procedures 

Apparatus 

The excavated soil samples were collected in June, 2013 from Goodyear Dunlop Tyre 

Company development site in Wolverhampton. The soil samples were examined with the aid 

of X-ray Fluoresce Spectrometry. Hand trowel, hand gloves, polythene bag were used at the 

field site. Grinding machine used for the experiment was set at the revolution of 45
o 

 and at 

the temperature of 9
o
c  for 2 minutes. Hydraulic press called Graseby Specac was used to 
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shape the soil samples to plate form. Weighing balance, sieves of different sizes, pestle and 

mortar, marking pen were used in the laboratory for identification. 

Test Programme 

Mercury content in the soil is usually measured in parts per million (ppm) and percentage. In 

this study, the results are presented in both part per million and in percentage. For instance, 

10,000 ppm is equivalent to 1.0%. Hence, 2,000 ppm is equal to 0.2%. The mercury content 

result is presented in dry wet and compared with several other literatures that have analyzed 

mercury content in soil medium consensually agreed on the range of nonhazardous limit 

concentration onto the soil top layer based on humans, plants and animals safety. The study 

adopted some of the techniques as advised in the prototype literatures concerning conversion 

of results in percentage to parts per million (ppm): U.S Department of Transport (2000); 

Pillai et al. (2011). 

 Procedure  

At Goodyear development site, Soil boring was carried out at different point and at different 

depths about 25cm and 25cm where the heaped soil was packed with the aid of hand trowel. 

Six soil samples were collected at the site; each of the six soil packs was divided into four 

which gave rise to a total of twenty-four samples for the analyses. The soil samples were 

taken to the laboratory at University of Wolverhampton and it was left for three days to be 

air-dried under ambient temperature condition. Thereafter, the dried soil were gently 

disaggregated and sieved with different categories of sieves to remove stones, coarse 

materials and achieve uniform particles sizes based on the sieves used. Later, the soil samples 

were stored in polythene bags before analysis. The samples were spread in trays 2-3cm depth. 

Later, the samples were mixed to create homogeneity among the samples before subdivision. 

Furthermore, the six soil samples collected which were subdivided into 24 parts, where six 

samples measuring 10g each were separated for pH reading. The six samples for pH reading 

measured 10 grammes each were mixed with 100 ml of deioned water suspension. Each of 

the soil samples immersed in deionized water suspension was inserted electrical conductivity 

to determine the pH (H20) value of the soil. In summary, the soil pH was determined in 

potentiometric in deionized water with 100 ml. Another set of 6 samples of the soil were 

passed through the 2mm sieved and pelleted when it was mixed with wax at the ratio of 8.5 to 

1.5 gramme. Each of the samples weighs 10 grammes and they were tablet. Another 6 

samples were sieved to pass through 500 microns and they were grinded. Another 6 samples 

sieved 2mm were ungrounded. Finally, the eighteen soil samples were sent for X-ray 

Fluorescence spectrometry analysis.  

RESULTS AND DISCUSSION 

The soil sample pH values were determined and values are in the figure 3 below: 
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(Source: Analysis of data, 2013). 

Figure 3 Soil Samples pH values. 

Figure 3 above is a line graph that shows the outcome of pH values of the soil samples 

collected from Goodyear Development Site. In the graph, the pH value runs vertically (up 

and down) numbered from 6.6 to 8 which signify acidity and alkalinity of the sample under 

review. Basically, the pH value ranges from 1 to 14 while 7 is the neutral. Any number 

greater than 7 is alkaline.  On the other hand, the horizontal axis is numbered 1 to 6. Six soil 

samples were used to test for pH values and the highest pH value is 7.8 while the lowest is 7. 

The outcome of the entire result of the samples is alkaline. The mean value of the samples is 

7.7.  

The pH soil samples result indicate alkaline and in alkaline soil, mercury adsorption is 

decreased thereby enhance percolation of mercury away from the soil medium. This finding 

corroborates with the earlier work of Yin et al. (1996) that increase in the pH significantly 

decrease adsorption of added mercury. 

Mercury concentration in the excavated soil samples from Goodyear Development Site was 

analyzed. The mercury values obtained from the samples with X-ray Fluorescence 

Spectrometry are illustrated in figure 4. 

6.6

6.8

7

7.2

7.4

7.6

7.8

8

1 2 3 4 5 6

pH value
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 (Source: Analysis of data, 2013). 

 Figure 4 X-ray Results for the Mercury 

Figure 4 above is a multiple line graph which shows the X-ray Fluorescence Spectrometry 

results of mercury content in the soil in the study area. In the graph, the mercury 

concentration in the soil sample runs vertically, numbered -0.00025 to 0.00025 while the 

horizontal axis is numbered 1 to 6 that represents the 3 sets of soil containing 6 samples each. 

The 3 sets of soils are represented in the legend as mercury 1, 2 and 3. The mercury 

concentration values for the soils analyzed are similar and it can be observed in the 

connecting lines of the data sets, mainly showing negatively down-wards at 0.0003 

concentrations. As shown in set 1, sample 2, mercury concentration is at zero (0) value. The 

X-ray results are in percentages (%) and it is converted to parts per million by multiplication 

of the value by 10,000. The data sets of the three soil samples with each set contained six 

samples and the entire soil samples are eighteen. The graph above shows that the mercury 

concentration fall between 0 to 0.0003 or 0% to 0.03%.  The mean concentration of mean 

value in the entire soil samples is 0.03% or 300 ppm by weight of the soil.  The mercury 

concentration in the Goodyear Development site is within the threshold refers to as 

insignificant.  

This result corroborates with several   authors’ findings (Wang et al 2012; Li and Jia 2018; 

Pendias and Pendias 2001) that state the nonhazardous value range of mercury in the soil 

ranges from 0.03 to 1 mg/kg by weight of soil. Therefore, the value of mercury value is 

insignificant to degenerate to harmful compound that is hazardous to humans, plants and 

animals. Furthermore, McComb et al. (2014) state that X-ray Fluorescence Spectrometer is 

good non-destructive technique for determining contaminated soils, sediments and biological 

samples holding higher concentration of major and trace elements. Similarly, Schluter (1993) 

admits that mercury natural existence is below 0.05 mg/kg which is nonhazardous and 

insignificant to pose harm to human, plants and animals. 
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 CONCLUSION 

In the study area, mercury value in the soil has been determined with the aid of X-ray 

fluorescence Spectrometry and the following conclusion has been reached. 

Mercury concentration of 0.03% or 300 parts per million (ppm) is within the threshold 

considered as nonhazardous and insignificant as contained in the literatures to react with 

other minerals to be vulnerable to humans, plants and animals. 

RECOMMENDATION 

Based on the findings of this study: 

The study, therefore, recommends that similar study be carried out on waste soil excavated 

for use in construction works and development sites to determine the concentration of 

mercury level and ensure it is within the acceptable  limit that guarantees safety of humans, 

plants and animals 
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