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Introduction 

Pollution of the natural environment by heavy metals is 

a general problem as these metals are nondegradable 

and as such most of them have adverse effects on 

living organisms including humans, and the 

environment when acceptable concentration levels are 

exceeded (Censi et al, 2006). Heavy metals frequently 

reported in literature with regards to potential hazards 

and occurrences in contaminated soils are Cd, Cr, Pb, 

Zn, Fe and Cu (Akoto et al., 2008). The adverse effects 

of heavy and trace elements in the soil system are 

increasingly becoming a problem of global concern 

since soil constitutes a central component of rural and 

urban environments (USDA, 2001). The sources of 

Abstract 

Environmental pollution caused by heavy metals from automobiles has received much attention in recent 

years. In this study, heavy metal pollutants in soil and tree rings were determined along the Haatso-Atomic 

Road in the Greater Accra region of Ghana using X-ray fluorescence. Contamination factor, enrichment 

factors, geo-accumulation index and health risk assessment model were used for assessing the 

contamination level of heavy metals. X-ray fluorescence (XRF) was used to investigate the presence of the 

following heavy metals: Cu, Mn, Zn, Pb, Cd, Fe and Ni. The data was analyzed using Pearson's coefficient 

of correlation. Correlation analysis showed that the origin of heavy metals in soil and tree rings are 

concentrations of Cu, Mn and Cd increase in soil and tree ring as this can be attributed to vehicle exhausts 

and abrasion of vehicle parts (such as tyres) produced in traffic. According to I-geo's findings, Cd was 

determined to be unpolluted, while Cu, Mn, Zn, Pb, Fe, and Ni were found to be moderately contaminated. 

The Haatso-Atomic Road's soil chemical component enrichment factor data show that anthropogenic 

elements (such as Zn, Cu, and Pb) were moderately to significantly enriched in comparison to crustal 

elements. With regards to health risk, the results of this study indicate that non-carcinogenic risks caused 

by heavy metals were insignificant while the carcinogenic risk caused by Cd was found to be 

significant.  The outcomes of this study will help to guide national policy in the areas of vehicular heavy 

metal pollution and other anthropogenic causes of pollution. 
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these contaminants mainly include natural occurrences 

derived from parent materials and human activities. 

Anthropogenic inputs originate from industrialization in 

the form of atmospheric deposition, waste disposal, 

waste incineration, urban effluents, traffic emissions, 

fertilizer application and long-term application of 

wastewater in agricultural lands (Bilos et al., 2001; 

Koch & Rotard, 2001). Various researchers have found 

that the concentrations of the metals such as Pb, Cu, 

Zn, Cd and Ni decrease rapidly within 10 to 50 m from 

the roadsides (Joshi et al., 2010; Pagotto et al., 2001). 

Heavy metals may enter the human body through dust 

inhalation, direct ingestion of soil and consumption of 

food plants grown in metal contaminated soils 

(Cambra, 1999). 

A number of studies have shown the ability of trees to 

take up and incorporate pollutants into their annual 

growth rings (Nabais et al., 2001; Speer, 2010). Indeed, 

tree-rings have been used to provide annual records of 

pollution over decades, tracing pollutants on a spatial 

and temporal scale in relation to their sources (Cocozza 

et al., 2016; Danek et al., 2015; Odabasi et al., 2015). 

In the last decades, many studies were carried out to 

reconstruct the temporal and spatial patterns of heavy 

metals recorded in tree rings of different species 

(Alahabadi et al., 2017; Watmough ,1997).  

Haatso-Atomic in the Greater Accra region of Ghana 

has undergone rapid urbanization over the past several 

decades. However, increasing emissions of heavy 

metals associated with a fast-growing population and 

industrial activities has put huge pressure on the 

environment and further irritated ecosystem function. 

Accompanied with increasing anthropogenic activities, 

and the demands for a better environment, the levels of 

health risk exposure to heavy metals in Haatso-Atomic 

are of concern. In this study, geo-accumulation index 

and enrichment factor were employed to evaluate the 

contamination levels of heavy metals in Haatso-Atomic, 

and the concentrations of heavy metals in tree-ring 

were tested as a bio-indicator of soil heavy metals. The 

study specifically focused on identification of possible 

sources of heavy metals at Haatso-Atomic Road. 

Therefore, concentrations of heavy metals in tree-rings 

along the Haatso-Atomic Road were examined to 

correlate heavy metals temporal change and heavy 

metal soil contamination. 

Material and Methods 

Study area 

Haatso is a town located in the Ga East Municipal 

district of the Greater Accra Region of Ghana. It is 

located on the coordinate (5° 40′ 9.7″ N, 0° 12′ 27″ 

W) with a population of 19,379 people (CIA, 2021). The 

Haatso-Atomic Road is adjacent to the Ghana Atomic 

Energy Commission (GAEC). All samples analyzed for 

this study were taken from Haasto- Atomic. The road 

side vegetation at the study sites are dominated by 

Azadirachta indica (Neem tree) and Swietenia 

mahagoni (Mahogany tree). These areas are well 

suited for the study of pollution effects because of the 

persistent vehicular traffic and other human activities. 

Figure 1 shows the map of Haatso-Atomic Road with 

sampling locations indicated in red circles along the 

main road. All soils were sampled at the surface (15 to 

30 cm in depth) using hand-driven stainless-steel 

augers. 

 

Fig 1: Map showing roadside air quality monitoring sites (sampling sites are shown in red circles) 
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Sample Preparation and Analysis 

The soil samples were obtained with a hand auger from 

the top soil between depths of 15−30 cm. The first 15 

cm of the top layer was not sampled to avoid surface 

contaminants. Soil samples were collected with a 

polyethylene scoop and stored in plastic bags. They 

were then air-dried and passed through a 2 mm plastic 

sieve to remove gravel and rocks and kept in plastic 

bags. Briefly, 0.1 g of each homogenized sample was 

digested by three-acid attack (HF/HClO4/HNO3) in a 

Teflon vessel and was heated in a microwave oven at 

180 °C for 10 min. The digested solution was diluted to 

a known volume with double distilled water, and was 

analyzed for metals by XRF. Precision was achieved by 

triplicate analyses of the same sample and standards.  

Swietenia mahagoni (mahogany), which is about one 

meter (1 m) from the main Haatso-Atomic Road was 

logged and cross-sections taken for tree ring analysis. 

Cross-sections of tree samples were dried in the 

laboratory under supervision. The total length of each 

radial subsection from the pith to the cortex was 

measured to the nearest millimeter. Radial sections of 

the trees with clear growth ring patterns were 

electronically scanned, counted and growth widths 

estimated using image J software. Annual rings cut 

from the radial cross-sections were analyzed for heavy 

metal composition using X-ray fluorescence analysis. 

Statistical Analysis 

Correlation analysis was conducted using the SPSS 15 

(version 15) statistical package. I-geo and enrichment 

factor were used to identify the association between 

heavy metals and evaluate the soil pollution 

Assessment Methods 

Contamination factor  

The level of contamination of soil by metal is expressed 

in terms of a contamination factor (CF), the CF is the 

ratio obtained by dividing the concentration of each 

metal (CSample) in the soil by the baseline or 

background value (CBackground) and is calculated as: 

 

Formula 

where CF  1 refers to low contamination; 1  CF 3 means 

moderate contamination; 3  CF  6 indicates 

considerable contamination and CF  6 indicates very 

high contamination. 

Geoaccumulation Index  

Geoaccumulation index (I-geo) is an environmental 

index that enables the assessment of contamination by 

comparing with current and preindustrial 

concentrations and has been successfully applied to 

measurement of soil contamination (Barbieri, 2016; 

Ololade, 2014). It can be computed using equation 2 

(Muller, 1969) 

 

Formula 

where, Cm is the concentration of element (m) recorded 

in the sediments of the study area, Bm is the 

geochemical reference value. We used the background 

values of the study provided by the Environmental 

Protection Agency of Ghana and 1.5 is the is the 

background matrix correction due to lithogenic effects, 

that is, natural fluctuations and anthropogenic 

influences (Aiman et al., 2016).  Table 1 shows the 

classification for geo-accumulation index 

Table 1: Classification for Geo-accumulation index (I-geo) 

Value Class Soil quality 

Igeo  0 0 Practically uncontaminated 

0  Igeo 1 1 Uncontaminated to moderately 

1  Igeo  2 2 Moderately contaminated 

2  Igeo  3 3 Moderately to heavily contaminated 

3  Igeo  4 4 Heavily contaminated 

4  Igeo  5 5 Heavily to extremely contaminated 

5  Igeo  6 extremely contaminated 

 

Enrichment Factor 

Enrichment factor (EF) model helps to differentiate 

between elements originating from anthropogenic 

activities and those from natural sources. It is used 

mainly to provide an initial assessment of the degree of 

contributions from man-made activities to that of the 

measured atmospheric elemental concentrations. EF 

compares the ratios for various elements in measured 

PM concentrations to the corresponding ratios in 

geological material as a means of confirming the man-

made and natural contributions (Chao & Wong, 2002; 

Cao et al., 2003; Zhang et al., 2008). The EF for each 

element at any sampling sites was calculated using the 

equation 3 

https://www.mediresonline.org/journals/pollution-and-effects-on-community-health
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Formula 

X/Fe-sample is the ratio of heavy metal to Fe 

concentration in the sample and X/Fe-background is 

the natural background value for the ratio of heavy 

metal to Fe  

In this study, Fe was used as reference, and the upper 

continental compositions of the earth’s crust were taken 

from Taylor and McLennan (1985). Iron (Fe) is most 

commonly used as reference element because it is an 

abundant natural content of the soil, possesses good 

chemical stability and less affected by anthropogenic 

pollution (Basha et al., 2010). By definition, an 

enrichment factor closes to unity (EF ~ 1) indicates that 

the element considered did originate from the soil 

(Chiarenzelli et al., 2001). The EF of an element is 

usually taken as being from a natural source if EF < 10> 

Health risk assessment 

To assess the potential health risks from the intake of 

heavy metals through inhalation (Kaur et al., 2020). 

Human health risks are classified into non-carcinogenic 

and carcinogenic risks (Adimalla et al., 2020). The 

average daily dose of carcinogenic (adult) and non-

carcinogenic (adult and children) heavy metal, caused 

by the exposure pathways, was calculated using 

equation 4 (Fan et al., 2019). 

 

Formula 

where C is the concentration of heavy metal in soil 

(mg/kg); Inh is the inhalation rate (m3/d); EF is the 

exposure frequency (d/a); ED is the exposure duration 

(a); AT is the time period over which the dose is 

averaged (d), and it is derived by using pathway-

specific period of exposure for non-carcinogenic effects 

(ED × 365 days/year) and 74.8-year life-time for 

carcinogenic effects (74.8 years × 365 days/year) 

averaging time; BW is the average body weight 

(kg); PEF is the particle emission factor (m3/kg). The 

values used in these equations are listed in Table 2 

Table 2: Health risk parameter for heavy metals in soil (Li et al., 2018; Fan et al., 2019; Cao et al., 2020) 

Exposure Pathway Parameter CF EF ED ATcarcinogenic 
Non-AT 

carcinogenic 
BW PEF 

Inhalation 
Adult 10-6 350 24 74.8 x 365 ED x 365 60.6 1.36×10^9 

Child 10-6 350 6 74.8 x 365 ED x 365 26.5 1.36×10^9 

 

The average lifetime daily dose of carcinogenic 

(children) heavy metal, caused by the exposure 

pathways, was calculated in equation 5 (Fan et al., 

2019). 

 

Formula 

  

 

Formula 

where the definitions of C, CF, EF, AT, Ing, ED, BW, 

PEF are the same as in Eq. (4) 

The assessment of carcinogenic risk was conducted 

using the following formula (Cui et al., 2018; Fan et al., 

2019; Md et al., 2020). 

 

Formula 

The assessment of non-carcinogenic risk (HQ) was 

performed using the equation 8 (Cui et al., 2018; Fan et 

al., 2019; Md et al., 2020). 

 

Formula 

where ADD is the average daily intake (mg/(kg-

day)); SF (dimensionless) is the carcinogenic slope 

factor (per mg/kg-day); CR is the carcinogenic risk 

index (Li et al., 2018); RfD is the reference dose 

(mg/kg-day) (Table 3); and HQ is the non-carcinogenic 

risk index (Li et al., 2018). 
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Table 3: RfD and SF of heavy metals in soils with different exposures (Li et al., 2018; Fan et al., 2019; Cao et al., 2020) 

  RfD SF 

Element Ingestion Inhalation Ingestion Inhalation 

Cu 4.00×10^(-2) 4.02×10^(-2)   

Zn 3.00×10^(-1) 3.00×10^(-1)   

Pb 3.50×10^(-3) 3.52×10^(-3)   

Cd 1.00×10^(-3) 1.00×10^(-3)  6.30 

Ni 2.00×10^(-2) 2.06×10^(-2)  0.84 

Hg 3.00×10^(-4) 8.57×10^(-5)   

As 3.00×10^(-4) 3.00×10^(-4) 1.50 15.1 

Cr 3.00×10^(-3) 2.86×10^(-3)  42.0 

Therefore, a study on human health risk assessment of 

heavy metals has a great significance to the public. 

According to USEPA (1998), USEPA. (2001), the HQ 

had a threshold of 1 in 

exposure pathways. If HQ<1, there is a small or 

negligible risk; if HQ>1, there is a non-carcinogenic risk. 

We calculated human health risk index for children and 

adults under the exposure pathways according to the 

exposure doses in Table 3 using the equations (7) and 

(8). 

Results 

Temporal Variation of Heavy Metals in Tree-Rings 

in Haatso-Atomic Road 

A graph depicts the temporal change of heavy metals 

in tree rings at Haatso-Atomic Road. There is a general 

trend of increasing pollution with time. The 

concentrations of Fe, Zn and Cu in the tree rings are 

the highest in 2013, 2017 and 2018 (Fe =. 40.31 mg/kg; 

Cu = 9.86 mg/kg; Zn =15.78 mg/kg).  

 

Fig 2: Temporal variation of heavy metals in tree-rings at Haatso-Atomic Road 

Contamination factors of heavy metals 

A graph depicts the geo-accumulation index (I-geo) of 

heavy metals in soil at Haatso-Atomic Road. The 

following are the findings of the research: Cu (1.35), Mn 

(1.50), Pb (1.90), Zn (1.05), Ni (1.15), Cd (0.82) and Fe 

(3.50) 

https://www.mediresonline.org/journals/pollution-and-effects-on-community-health
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Fig 3: Contamination factor of heavy metals in Haatso-Atomic Road soil. 

Geo-accumulation index (I-geo) of heavy metals 

At Haatso-Atomic Road, a graph shows the geo-

accumulation index (I-geo) of heavy metals in soil. The 

study yielded the following results: Cd (-0.05), Cu 

(0.48), Mn (0.64), Zn (0.33), Pb (0.58), Fe (0.45), and 

Ni (0.53). 

 

Fig 4: Geo-accumulation index (I-geo) of heavy metals in soil at Haatso-Atomic Road 

Enrichment Factor Analysis 

At Haatso-Atomic Road, a graph displaying heavy 

metal enrichment factors in soil.  Fe (1.0), Cd (0.0), Ni 

(0.0), Mn (26.2), Zn (184.8), Cu (336.7) and Pb (1797.8) 

are the results of the analysis 

 

Fig 5: Enrichment factors of heavy metals in soil at Haatso-Atomic Road 
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Discussion 

From Figure 2 which shows the temporal change of 

heavy metals in tree rings at Haatso-Atomic Road. 

There was a consistent increase in the levels of Fe, 

Zn and Cu can be attributed to increased traffic 

activities on the stretch of road where the samples 

were taken. Between different periods, the 

concentrations of Cd, Mn, Pb, and Ni fluctuated. 

Despite the observed trend, changes in heavy metal 

concentrations did not differ significantly between the 

three periods (excluding Mn), and this result was 

similar to that of Safo-Adu et al (2014) along the 

Accra-Tema route. The maximum limit of Cd, Mn, Pb 

and Ni in plants as recommended by WHO were 

higher for concentration of Cd (0.02 mg/kg) and Mn 

(2 mg/kg) and also lower for Pb (2.14 mg/kg) and Ni 

(10 mg/kg).  Heavy metals in plant samples have also 

been measured and reported around the world. 

Compared with previously published reports, 

concentrations of Cu, Zn, Pb, and Cd (Cu, 0.93 

mg/kg; Zn, 11.9 mg/kg; Pb, 0.1 5mg/kg; Cd, 0.13 

mg/kg) (Odabasi et al. 2016) were lower for this study. 

Differences in the results may be due to different parts 

of plants, different species, and different 

environments tested. The results obtained in our 

study indicated that Swietenia 

mahagoni (mahogany) contained the highest 

concentrations of heavy metals and this can be 

attributed to traffic activities and other anthropogenic 

activities.  

Figure 3 shows contamination factor of heavy metals 

in Haatso-Atomic Road soil. Using the contamination 

factor categories for the Haatso-Atomic roadside soil, 

Cu (1.35), Mn (1.50), Pb (1.90), Zn (1.05), Ni (1.15), 

suffered moderate contamination by all metals except 

Cd (0.82) which indicates a low contamination. On the 

other hand, Fe (3.50) had a significant amount of 

contamination. 

Figure 4 depicts the heavy metal geo-accumulation 

index (I-geo) in soil along the Haatso-Atomic Road. 

The mean I-geo of Cd (-0.05) was less than 0, 

indicating that the soil was not contaminated by Cd. 

Cu (0.48), Mn (0.64), Zn (0.33), Pb (0.58), Fe (0.45), 

and Ni (0.53) all had a mean greater than0, indicating 

that Zn and Cd soil pollution levels were unpolluted 

and moderately polluted, respectively. This is due to 

human activities such as traffic and other 

anthropogenic activities. 

Figure 5 shows the averages of the EFs of elements 

in soil at the Haatso-atomic road.  At the sampling 

site, the elements Fe (1.0), Cd (0.0), and Ni (0.0) fall 

into the EF 10 category. These elements are typical 

of crustal origin and they were attributable 

predominantly to crustal or soil dust. Although these 

elements were mainly from natural sources, the 

influences of anthropogenic sources cannot be 

ignored.  Fe is emitted from wear-and-tear of brake 

pads and other automobile parts (Schauer, 2006). 

For, Mostly, Ni has been associated with combustion 

of diesel which has been on the rise as the number of 

vehicles on the road increases (Wang et al, 2003). 

Cd comes from tire abrasion emissions in vehicle 

exhaust, open burning of municipal wastes containing 

Ni-Cd batteries of vehicles (Awan et al., 2011). The 

element Mn (26.2) belongs to the EF >10 but less 

than 100. Mn was moderately enriched, according to 

the results. Mn is also attributed to brake wear and 

vehicle tailpipe emission (Garg et al., 2000). Elements 

with EF ˃ 100 are Zn (184.8) and Cu (336.7) which are 

highly enriched with emission sources likely from 

traffic and refuse burning, respectively. In the group 

with EF ˃1000 was Pb (1797.8) and this is heavily 

enriched. Zn and Pb are traditional tracers of vehicle 

emissions and their EF values suggested a large 

contribution from vehicle emission. Besides fuel and 

motor oil combustion, brake wear, industrial emission, 

long-range transported dust and re-suspended soil 

containing deposition from previously emitted leaded 

gasoline could importantly sources of Pb (Yele et al., 

2006). It has been reported (Miguel et al., 1997) that 

Zn compounds have been used extensively as 

antioxidants (e.g., zinc carboxylate complexes and 

zinc sulphonate) and as detergent or dispersant 

improvers for lubricating oils. Cu pollution from 

vehicles has been linked to wear of brake lining 

(Vecchi et al., 2007). Copper and zinc have been 

known to be good indicators of traffic emissions from 

brake wear and tyre emissions. 

Health Risk Analysis 

Heavy metals enter into the human body primarily 

through ingestion. HQ was less than 1, suggesting 

that heavy metal elements in soils of Haatso-Atomic 

Road pose no or little non-carcinogenic health risk to 

humans. Compared with adults, the HQ and CR for 

children were significantly higher than those for 

adults. Similar trends were reported by other scholars 

(Xiao et al. 2017). In the case of the ingestion 

pathway, the HQ for children was in the order of 

Pb>Ni>Cu>Zn>Cu>Cd; and the HQ for adults was in 

the order of Pb>Ni>Cd>Zn>Cu. It is reasonable to 

conclude that the higher ingestion rate of soil and 

lower body weight of children were the two reasons 

for the higher values of risks through ingestion (Chen 

et al. 2016). Encouraging proper hygienic habits can 

be effective in helping to reduce the ingestion rate and 

protect children from health risks. As shown in Table 

https://www.mediresonline.org/journals/pollution-and-effects-on-community-health
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3, the CR values for children were higher than adults. 

For both children and adults, the CR values followed 

the order of Cd>Ni. However, the CR of Cd for 

children and adults was 8.06 ×10−6 and 7.10 × 10−6, 

respectively. Thus, there was a large carcinogenic 

risk of Cd in Haatso-Atomic soils. The result clearly 

suggests that Cd was the most important risk factor 

and this may cause diseases such as osteoporosis 

and increase the risk of fractures to human beings in 

the study area. It is important to note that human 

health risk of heavy metals can vary depending on 

their bioavailability, which can differ with soil type and 

environmental factors, such as precipitatioThus, there 

was a large carcinogenic risk of Cd in Haatso-Atomic 

soils. The result clearly suggests that Cd was the 

most important risk factor and this may 

cause diseases such as osteoporosis and increase 

the risk of fractures human beings in the study area. 

It is important to note that human health risk of heavy 

metals can vary depending on their bioavailability, 

which can differ with soil type and environmental 

factors, such as precipitation  with EF ˃100 are Zn 

(184.8) and Cu (336.7) which are highly enriched with 

emission sources likely from traffic Zn compounds 

have been used extensively as antioxidants (e.g., 

zinc carboxylate complexes and zinc sulphonate) and 

as detergent or dispersant. 

Table 4: Health risk index of heavy metals in soils of Haatso-Atomic Road 

 
Ingestion Inhalation CR HQ 

Element Child Adult Child Adult Child Adult Child Adult 

Cu 5.88 × 10−9 5.56 × 10−9 1.89 × 10−9 1.79 × 10−9   1.46 × 10−7 1.38 × 10−7 

Zn 4.11 × 10−9 3.89 × 10−9 1. .32 × 10−9 1.25 × 10−9   1.37 × 10−8 1.29 × 10−7 

Pb 7.14 × 10−9 6.75 × 10−9 2.29 × 10−9 2.17 × 10−9   1.92 × 10−6 2.03 × 10−6 

Cd 6.28×10−10 5.93 × 10−10 2.01 × 10−10 1.90 × 10−10 8.06 × 10−6 7.10 × 10−6 5.53 × 10−6 6.28 × 10−8 

Ni 6.49 × 10−9 6.14 × 10−9 2.09 × 10−9 1.97 × 10−9 2.50 × 10−6 1.87 × 10−6 2.98 × 10−6 3.15 × 10−6 

Fe 1.79 × 10−8 1.69 × 10−8 5.74 × 10−9 5.43 × 10−8     

Mn 7.91 × 10−9 7.84 × 10−9 2.54 × 10−9 2.40 × 10−9     

Table 5: Correlation between Elemental Concentrations Tree Ring and Soil at Haatso-Atomic Road 

item CuS ZnS PbS FeS MnS NiS CdS 

CuT 0.970 0.315 0.310 0.415 0.112 0.162 0.012 

ZnT -0.023 0.453 -0.067 -0.321 -0.421 -0.107 -0.410 

PbT -0.301 -0.470 -0.241 0.251 0.041 -0.014 -0.051 

FeT -0.621 0.521 0.762 0.621 -0.210 -0.451 -0.110 

MnT -0.514 0.231 -0.621 0.411 1.000 0.015 0.021 

NiT -0.010 0.031 0.251 0.310 -0.010 -0.141 -0.210 

CdT -0.812 0.071 0.415 -0.033 0.812 0.712 0.621 
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Table 6: Average of crustal elements used to calculate enrichment factors of soil at Haatso-Atomic Road in the Greater 
Accra region in Ghana 

Element Crustal Average (ppm) Crustal average (ug/m3) 

Na 23600 22.19 

Mg 23300 23.16 

Al 82300 90.82 

Si 281500 323.36 

P 1050 1.33 

S 260 0.34 

Cl 130 0.19 

K 20900 33.42 

Ca 41500 68.03 

Ti 5700 11.16 

V 135 0.28 

Cr 100 0.21 

Mn 950 2.10 

Fe 56300 128.59 

Cu 55 0.14 

Zn 70 0.19 

Br 2.5 0.0082 

Sr 375 1.34 

Zr 165 0.64 

Pb 12.5 0.11 

Source: (Taylor and Mclennan, 1985) 

Conclusion 

All of the heavy metal concentrations surveyed in this 
study were slightly higher than other reported studies. 
Concentrations of Fe, Zn and Cu in tree rings 
increased gradually in the past 10 years, and the 
concentration of Fe increased significantly in 2013, 
but the change in concentrations of Cd, Mn and Pb 
follow an irregular trend. Cd was found to be 
unpolluted, whereas Cu, Mn, Zn, Pb, Fe, and Ni were 
found to be unpolluted to moderate contaminated, 
according to I-geo's findings. Correlation analysis 
showed that the origin of heavy metals in soil and tree 
rings were associated in a difficult manner., The 
concentrations of Cu, Mn and Cd increase in soil and 
tree ring and this can be attributed to vehicular 
exhaust emissions and abrasion of vehicle. The main 
source of heavy metals (Fe, Ni, Zn and Pb) may be 
fertilizers, waste water and solid waste used in 
agriculture soil as Cd mainly originates from fertilizer 
and pesticides. Cd in tree rings were mainly uptake 
from the soil, while the other heavy metals may result 
from surface water uptake and air pollution. The study 
of sources of heavy metals in tree rings needs further 
research. Enrichment factor results of soil chemical 
components at the Haatso-Atomic Road indicate that 
elements of anthropogenic origin (such as Zn, Cu and 
Pb) were moderately and highly enriched with respect 
to crustal elements. The non-carcinogenic risks 
associated with the six heavies metals were 
negligible, but the carcinogenic risk caused by Cd 
was significant. In terms of both non- carcinogenic 

and carcinogenic dangers, heavy metals put 
youngsters under more stress than adults. Future 
research should focus on the chemical behaviors of 
Fe in the study region's soils, which could lead to the 
development and implementation of appropriate 
remediation management strategies. 
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