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ABSTRACT 

Mercury is one of the top ten chemicals or groups of chemicals of major public 

health concern, its emissions pose a global environmental pollution problem. In the 

natural environment, Hg can participate in the biochemical cycle, it can be converted to 

methylmercury - the unique form of Hg by converting the original soil environment 

from aerobic to anaerobic and engaging with microorganisms. Hg cause problems such 

as kidney and nerve damage, sleep disturbances, hearing loss, impaired reproductive 

function, and heart issues. Hg is classified by the US Environmental Protection Agency 

(EPA) as a group D carcinogen, and methyl mercury is classified as a group C 

carcinogen. However, Hg is still used in the manufacture of skin care products and 

consumer goods such as thermometers, lamps, batteries, watches, switches. After these 

products are no longer in use, they still contain a certain amount of Hg and can disperse 

into the environment if not properly recovered. 

Landfills are concerning due to pollution caused by the classification, collection, 

and treatment of waste, especially in developing countries like Vietnam. Landfills have 

the potential to contribute to Hg pollution, due to the burial of waste containing Hg. 

Thus, in this study, we investigated the potential risks of Hg to humans and the entire 

ecosystem using soil and rice samples sourced from paddy fields located near the Nam 

Son landfill area in Soc Son, Hanoi, Vietnam. 

Specifically, Chapter 1 discuss about the general introduction and literature 

review. Chapter 2: In this study, we assessed the levels of Hg in the paddy soil around 
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the Nam Son landfill, during both rainy (September 2021) and dry (January 2022) 

seasons. The concentration of Hg was in the range of 20.5 to 79.7 μg/kg dry w.t. in Bac 

Son and Nam Son, and 16.6 μg/kg dry w.t. at a higher reference site. In most of the 

samples, the rainy season showed higher Hg concentrations than the dry season. Soil 

samples taken closer to the landfill exhibited higher levels of Hg contamination 

compared to those in more distant paddy areas, suggesting a decreasing trend of Hg 

concentration as one moves away from the pollution source. Additionally, Hg 

concentration was found to decrease vertically from the surface, with the higher value 

observed in the surface layer (0 – 5 cm), and the lower in the bottom layer (20 – 25 cm). 

The geo-accumulation index showed that all the sampling points were moderately to 

heavily polluted, indicating that Hg was lost from the waste source in the landfill. This 

study provides valuable insights into the spatial and vertical distribution of Hg pollution 

in the topsoil and highlights the importance of managing and assessing the risks of Hg-

containing waste. The Hg concentrations in the paddy soil from Nam Son landfill were 

positively correlated with soil organic matter (SOM), but no correlated with pH.  

Chapter 3: This study evaluated the mercury contamination in rice plants, which 

are typical foods cultivated in the Red River Delta. Mercury (Hg) accumulation in rice is 

a health concern due to the consumption of rice as the staple food. This study evaluated 

the mercury contamination in rice plants, which are typical foods cultivated in the Red 

River Delta. During the harvest season, rice samples were collected and separated into 

husk and brown rice, together with polished white rice and bran rice from mill shop. For 

brown rice, the Hg concentration ranges from 7.18 ± 0.73 to 16.32 ± 2.57 µg/kg. 
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Additionally, brown rice samples near landfill or highway tend to have higher Hg 

concentrations than sites farther away. Hazard quotient (HQ) was used to measure the 

health risk of Hg in this study. HQ values of male and female all were less than one, 

indicating that consuming rice from Nam Son and Bac Son might not cause potential 

human health risk of Hg exposure.  

Chapter 4: This study investigated the hair Hg concentrations and assessed the 

Hg exposure through rice consumption for local residents around the Nam Son landfill 

area. Thus, 16 human hair samples, along with questionnaires, were collected to assess 

Hg exposure and human health risks to residents living near the Nam Son landfill. 

Additionally, the study aimed to investigate their exposure to Hg through rice 

consumption and significant predictors of hair Hg levels, such as age groups, smoking 

habits, occupation, through questionnaires. The results showed that the mean of Hg 

concentration in hair was 0.88 ± 0.05 mg/kg lower than the reference level (1.0 mg/kg) 

recommended by the United States Environmental Protection Agency (US EPA), 

indicating that residents in this area were exposed to low levels of Hg. There was no 

significant difference in the accumulation of Hg in hair between different age groups, 

smoking habits, and rice consumption. However, there was a significant difference 

between landfill workers and non-landfill workers, suggesting that landfill activities 

directly affect human mercury exposure. 
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1.1. Background 

Mercury (Hg) is known as a metal that exists in liquid form at standard condition 

of temperature and pressure (Clarkson & Clarkson, 1997). Hg can come from natural 

sources such as volcanic eruptions, forest fires, cinnabar or anthropogenic sources such 

as metal smelting, coal production, chemical synthesis and use, and waste disposal 

(Tchounwou et al., 2003), undergoing the process of evaporation and deposition of Hg 

forming the global Hg cycle (Beal et al., 2014; Dastoor & Larocque, 2004). In the natural, 

Hg exist in the three form: elemental mercury or quicksilver (metallic mercury and vapor 

mercury, Hg0), inorganic mercury (Hg+ and Hg2+), and organic mercury (methylmercury 

and ethyl mercury) (Bhan & Sarkar, 2005).  

The mechanism of Hg toxicity involves protein precipitation and inhibition, 

interference with DNA synthesis (Carvalho et al., 2008), inhibition of enzymes and being 

corrosive (Broussard et al., n.d.). Exposure to Hg or its compounds may cause adverse 

health effects, and the severity of such toxic effects depend on the chemical form, the 

dose, frequency of exposure, duration of exposure, and route of exposure. Specifically, 

Hg0 is widely distributed and accumulated within the body tissues, but the brain is the 

major site for its toxicity. The major route of exposure of Hg0 is inhalation due to its high 

volatility even at room temperature, hence the atmosphere is the major exposure source 

contributing to about 70 - 85 % absorption rate of Hg0. InHg, which is majorly available 

as salt of either Hg (I) or (II) compounds, cause toxicity to the renal, cardiovascular, 

reproductive, hepatic and gastrointestinal tract systems. Organic Hg compounds 
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include both alkyl organic mercurial (OMs) such as methylmercury (MeHg), dimethyl 

mercury, ethyl mercury, etc. and aryl OMs., phenylmercury. The OMs are highly lipid 

soluble or lipophilic and have high affinity for SH groups on cysteine, glutathione and 

other biomolecules. Hence, OMs are mainly neurotoxic but can also be teratogenic, 

nephrotoxic, mutagenic, genotoxic, hepatotoxic as well as cause haematological and 

immunological effects.    

In recent years, the issue of Hg pollution caused by anthropogenic sources has 

gained significant attention, in addition to Hg emissions from natural sources. Globally, 

artisanal and small-scale gold mining (ASGM) is identified as the largest contributor (37 

%) to Hg emission, followed by vinyl chloride monomer (VCM) production, measuring 

and control equipment, and dental applications (Global Mercury Supply, Trade and 

Demand, n.d.). However, in Vietnam, the primary sources of mercury emissions are 

associated with the use and disposal of Hg-containing products, waste incineration, 

waste burial, and wastewater treatment (Hanoi, 2017). This data is closely related to the 

current situation in Vietnam where harmful waste, including waste containing Hg, they 

were collected together, transported and buried directly in the landfill. These activities 

release a large amount of Hg into the surrounding environment through the process of 

landfilling or burning waste. 

The Nam Son landfill is the biggest landfill in the north Vietnam, Nam Son 

landfill is located in Red River Delta and approximately 45 km from central Hanoi. Nam 

Son waste treatment complex has a total area of 83.5 hectares, including a wastewater 
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treatment plant, a waste power plant and closed and operating landfills. The landfill was 

initially designed to handle about 2000 tons of waste per day in 1999 (phase 1), the 

landfill is currently receiving over 5000 tons/day due to the consistent exceeding of its 

capacity (Giang et al., 2018), the daily leachate volume of 2500 m3/day, exceeds the 

wastewater treatment plant’s work capacity of 2150 m3/day [21]. The process of 

transporting, burying and treating waste can release toxic substances including organic 

compounds  (Andrew et al., 2011) and heavy metals (Hoai et al., 2021; Giang et al., 2018) 

into the environment around the landfill. However, agricultural and residential 

activities are still taking place around the landfill. Some fields and fish ponds of local 

people are only 200 m away from the landfill, leading to agricultural products here being 

contaminated with organic substances or heavy metals, including Hg, which pose health 

risks to people living in this area. Therefore, the objective of this study is determining 

the mercury contamination of environmental and food, the distribution of mercury in 

soil and the implication to the ecological and human health around Nam Son landfill, 

Hanoi, Vietnam. The specific objectives were to: 

a) Assessment the mercury contamination in environmental and food in resident 

around landfill area. 

b) Risk characterization of mercury consumption pattern from environmental 

and food in general population. 

c) Hair mercury concentration related with rice consumption and factors affected 

on it.  
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These three specific objectives constituted the chapters 2, 3, and 4 of this study, 

respectively. 
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2.1. Introduction 

Mercury (Hg) emissions are an environmental pollution challenge globally, as it is 

a transboundary pollutant (Dziok et al., 2020). Unique among heavy metals, Hg exists in 

gaseous and liquid states under ambient conditions (Luo et al., 2021), allowing it to 

persist in the environment and undergo complex distribution processes (Xu et al., 2020). 

In the presence of anaerobic soil environments and microorganisms, Hg can transform 

into methylmercury (MeHg) through biochemical cycling (Mergler et al., 2007). The US 

Environmental Protection Agency (EPA) classifies Hg as a Group D carcinogen, while 

MeHg is classified as a Group C carcinogen, with detrimental effects primarily observed 

in the central nervous symptoms and kidneys (Cariccio et al., 2019; Fernandes Azevedo 

et al., 2012). Individuals exposed to these substances may experience various symptoms, 

including language impairment, renal damage, tremors, sensory disturbance, 

unbalanced rigidity, and ataxia (Saldaña-Villanueva et al., 2022). Consequently, on 

October 10, 2013, the United Nations Environment Program (UNEP) adopted the 

Minamata Convention on Mercury ("Mercury Convention"), to outline regulations and 

measures aimed at reducing global mercury emissions (S. Liu et al., 2021).  

In recent years, the issue of Hg pollution caused by anthropogenic sources has 

gained significant attention, in addition to Hg emissions from natural sources. Globally, 

artisanal and small-scale gold mining (ASGM) is identified as the largest contributor to 

Hg emission, followed by vinyl chloride monomer (VCM) production, measuring and 

control equipment, and dental applications (Global Mercury Supply, Trade and Demand, 

n.d.). However, in Vietnam, the primary sources of mercury emissions are associated 
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with the use and disposal of Hg-containing products, waste incineration, waste burial, 

and wastewater treatment (Hanoi, 2017). According to data on Vietnam’s sanitary 

landfills, there are 98 waste landfills operating nationwide, but in which, only 16 are 

considered sanitary landfills. Approximately 85 % of urban and older towns still rely on 

unhygienic landfills where waste is not properly separated, leading to the burial of 

hazardous waste, including Hg-containing waste. The main contributing factor to this 

situation is the disposal of solid waste containing mercury, such as skin care products 

(Hamann et al., 2014), thermometers, lamps, batteries, watches, and switches (Horowitz 

et al., 2014) enters landfills for treatment via the waste stream (Zhu et al., 2013a). As a 

result, landfills in Vietnam have become potential sources of mercury pollution. 

For extended periods of time, several studies investigated the transfer and 

accumulation of Hg contamination originating from landfills. For instance, Tao et al., 

2018 (Tao et al., 2018) examined the Hg and MeHg concentrations in soil at two landfill 

Laogang and Jiangcunggou in China, and found the highest concentrations to be 0.169 ± 

0.12 µg/g and 0.107 ± 0.08 ng/g, respectively. In Seoul, South Korea, Kim et al., 2001 (K.-

H. Kim et al., 2001) measured atmospheric Hg levels at the Nan-Ji-Do landfill, ranging 

from 0.73 to 9.47 ng/m3. Hoai et al., 2021 (Hoai et al., 2021) conducted a study Nam Son 

landfill and evaluated heavy metal concentrations in leachate samples found Hg 

concentrations to be 0.0061 mg/L and 0.006 mg/L in March 2017 and March 2018, 

respectively, this concentration is exceeding QCVN 40:2011/BTNMT National Technical 

Regulation on Industrial Wastewater. This landfill serves Hanoi city’s waste treatment 

needs, but the overloaded treatment facilities increasing the potential for environmental 
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pollution (Hoai et al., 2021). Such elevated levels of Hg in leachate raise concerns about 

its release into the environment through leachate (Jabłońska-Trypuć et al., 2021) or dry 

and wet deposition (Sakata & Marumoto, 2005). Hence, it remains crucial to identify, 

characterize, and accurately estimating Hg emissions from landfill sources. This study 

focuses on Nam Son landfill, the largest landfill in the northern Vietnam, where no clear 

data on Hg concentration in the agricultural soil surrounding the landfill currently 

exists. The aim of this study is to investigate Hg concentration in soil layer (0 – 5 and 20 

– 25 cm) and determine the factors that affecting mercury distribution, including 

geochemical properties such as distance from landfill, weather conditions, and wind 

direction.  

2.2. Materials and Methods 

2.2.1. Sampling Sites 

Sampling was conducted at the Nam Son landfill (Soc Son, Hanoi, 21◦20′2′′ N, 

105◦50′9′′ E), situated in the Red River Delta (RRD), approximately 45 km north of 

Central Hanoi, Vietnam (Figure 2.1). The area experiences a subtropical humid monsoon 

climate with an average annual rainfall of 1670 mm and an annual mean air humidity is 

84 % (Giang et al., 2018). The Nam Son landfill is located in the north of Vietnam; the 

climate here is distinctive, with cold winters and hot and humid summers. Northern 

Vietnam has a rainy season stretching from May to October and a dry season from 

November to April. As for the monsoon, from November to April, there is an active 

winter wind blowing in the northeast direction, and from May to October, there is an 

active summer monsoon blowing in the southwest and southeast directions. The Nam 
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Son landfill is part of the Nam Son Waste Treatment Complex, originally covering an 

area of 83.5 hectares, with the landfill area occupying 53.49 hectares. The Nam Son 

landfill was initially designed to handle about 2000 tons of waste per day in 1999 (phase 

1), the landfill is currently receiving over 5000 tons/day due to the consistent exceeding 

of its capacity (Giang et al., 2018). Organic waste constitutes the largest portion of waste 

at Nam Son landfill (51.9%), along with some of inorganic waste such as plastic and 

nylon (3.0%), paper and carton (2.7%), leather and rubber (1.3%), metals (0.9%), glass 

(0.5%), inert matter (38.0%) and other materials (1.7%) (The World Bank, 2018). Besides 

the landfill, the Nam Son Waste Treatment Complex includes a newly operational waste 

power plant since July 2022 and a wastewater treatment plant. However, the daily 

leachate volume of 2500 m3/day, exceeds the wastewater treatment plant’s work capacity 

of 2150 m3/day (URENCO, 2018). As a result, the degradation of geotextile layer, 

differences in water flow pressures, and the fissured rock environment create favorable 

conditions for the pollutants from landfilled wastes to leak into surface water and 

groundwater (Giang et al., 2018), causing environmental issues such as foul odors, 

ecological damage, and environment degradation.  
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An additional reference sampling site (Ref) was collected in Minh Phu, Soc Son, 

Hanoi, approximately 9 km away from the Nam Son landfill, in January 2023. This 

control site was chosen due to its distance from highways, factories, cities and landfills. 

Figure 2.1. Map of sampling sites in Nam Son, Soc Son, Hanoi. 

2.2.2. Sample Collection 

The field sampling campaigns for soil contamination around the Nam Son 

landfill were conducted in September 2021, during the rainy season, and January 2022, 

during the dry season. A total of 20 soil samples were collected, including duplicates, 

from two communes, Nam Son (NS1–NS5) and Bac Son (BS1–BS5), situated around the 

landfill. The sampling locations covered varying distances from the landfill, with some 

towards the south in the Nam Son commune and others towards the north in the Bac 

Son commune.  The soil sampled is rice paddy soil, the depth of 25 cm from the surface 
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is the topsoil layer that directly affects rice quality. Furthermore, we divided it into 

surface layer (0 - 5 cm) and bottom layer (20 - 25 cm) because of the soil properties and 

organic matter composition of these two soil layers are different, which can lead to 

differences in Hg concentration. Each soil sample was labeled, stored in a polyethylene 

ziplock bags and kept at 4 oC for transportation to the laboratory. Soil samples were 

dried at room temperature (Kodamatani et al., 2017). Subsequently, the dried samples 

were ground using a porcelain mortar and pestle and sifted through a 150 µm mesh size 

sieve to obtain finer particles. All the soil samples were stored in a – 4 oC freezer until 

they were ready for analysis. 

2.2.3. Sample Analysis 

a) Hg analysis 

The Hg concentration in the soil samples was analyzed by direct thermal 

decomposition mercury analyzer (MA-3000, Nippon Instruments Corporation, Tokyo, 

Japan). Approximately 30 mg of each sample was weighed in triplicate and placed into 

sample boats, which were then loaded into the MA-3000. Calibration curves were 

generated using standard solutions of Hg2+ at concentrations of 10 µg/L, 100 µg/L, and 

1000 µg/L for both low and high calibration curves. 

b) pH analysis 

Soil pH measurements were performed using a pH-meter (AS 800, AS ONE 

Corporation, Osaka, Japan) in triplicate. Approximately 2 g of each sample was weighed 

into 50 mL polypropylene tube with crew caps. Then, 50 mL of ultrapure water (Milli-



25 

 

Q® Millipore, USA) was added to the tube, and the mixture was shaken for 5 minutes at 

a speed 250 rpm (Addai-Arhin et al., 2022).  

c) Determination of SOM in soil sample 

The soil organic material (SOM) content was estimated by measuring the percent 

loss on ignition, as described by Lewis et al., 2014 (Lewis et al., 2014). Approximately 1 

g of soil sample was weighed into ceramic crucible and subjected to burning at 550 o C 

for 4 h. Each sample was repeated three times. The percentage loss in weight (SOM) was 

calculated using the equation 1:  

 (W1 −W2)/ (W1 × 100%) = SOM (%) (1) 

where 

W1: is the weight of the soil sample before burning (g); 

W2: is the weight of the soil sample after burning (g). 

2.2.4. Quality Assurance (QA) and Quality Control (QC) 

During the laboratory analysis, stringent measures were taken to ensure a 

contamination-free environment. An ultra-clean bench was utilized, and all the water 

used had a high purity level of 18.2 MΩ·cm at 25 ◦C (Millipore, Burlington, MA, USA). 

Reagents of guaranteed purity (GR) were selected to avoid any contamination or ultra-

low blanks. 

To establish baseline measurements and guarantee the accuracy of the Hg 

analyses, additive B was employed as a blank. A comprehensive quality assurance and 

quality control program was implemented, incorporating method blanks, certified 



26 

 

reference materials (CRM), specifically ERM-CC580 (Institute of Reference Materials 

Measurements, Belgium) for Hg, and triplicated samples. The obtained results from this 

method demonstrated excellent agreement with the reference values, with a mean value 

of 132 ± 3 mg/kg. The recovery rates for the certified reference materials ranged from 

96.9% to 101.7% for the Hg analysis, and the relative standard deviations were 

consistently < 5% for Hg. 

2.2.5. Geo-Accumulation Index 

The degree of soil contamination by Hg was assessed using the geo-accumulation 

index, calculated according to Equation 2 proposed by Muller at al., 1969 (Muller., 1969): 

Igeo = log2 CHg/1.5 × BHg (2) 

where 

Igeo: geo-accumulation index for Hg; 

CHg: Hg concentration in the soil (the average Hg concentration in each soil sample); 

BHg: local Hg background (the Hg concentration (7.47 µg/kg dry w.t.) of the bottom layer 

from the reference sampling point (Bolaños-Álvarez et al., 2016)); 

1.5: the factor used to correct lithogenic effects. 

The Igeo was divided into seven classes and was shown specifically in Table 2.1. 

Table 2.1. The classes of Igeo. 

Class 0 Igeo ≤ 0 Unpolluted  

Class 1 0 < Igeo ≤ 1 Unpolluted to moderately polluted  
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Class 2 1< Igeo ≤ 2 Moderately polluted  

Class 3 2 < Igeo ≤ 3 Moderately to heavily polluted  

Class 4 3 < Igeo ≤ 4 Heavily polluted  

Class 5 4 < Igeo ≤ 5 Heavily to extremely polluted  

Class 6 5 < Igeo  Extremely polluted  

 

2.2.6. Statistical Analysis 

The statistical analysis was conducted using IBM SPSS Statistics SPSS 26.0 

software from IBM Corporation, New York, NY, USA. The Shapiro–Wilk test was used 

to assess whether the data might be well-described by a normal distribution. The 

Durbin–Watson statistic was used to diagnose the residuals of the linear regression of 

soil samples in both seasons, there is no autocorrelation. The linear regression analysis 

was applied between the Hg concentration and SOM and pH, and the significance of the 

coefficient of determination (R2) was confirmed using OriginLab 2023b (version 10.05) 

software. Then, Pearson’s analysis was applied to assess the correlation significance of 

the Hg concentration in the paddy soil relative to the distance to the landfill, between 

the dry season and the rainy season, and between the two layers (0–5 cm and 20–25 cm). 

Significance levels were determined based on p values, where values lower than 0.05 

were considered statistically significant. 

2.3. Results and Discussion 

2.3.1. Hg Concentration in Soil 

The concentration of Hg in the soil surrounding the Nam Son landfill area is 

shown in Figure 2.2. During the rainy season, Hg concentration ranged from 20.5 ± 1.22 
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to 47.7 ± 3.60 µg/kg dry w.t. in the Nam Son commune and 29.6±1.19 to 79.7±1.92 µg/kg 

dryw.t. in the Bac Son commune. In the dry season, the range was 26.0 ± 2.77 to 58.5 ± 

3.52 µg/kg dry w.t. in the Nam Son commune and 27.5 ± 2.52 to 73.4 ± 2.51 µg/kg dry 

w.t. in the Bac Son commune. The average value of all the samples was 44.1 ± 2.20 µg/kg 

dry w.t., significantly higher than the reference sample concentration in the RRD (16.6 ± 

1.48 µg/kg dry w.t.). However, it is important to note that the concentrations of Hg in all 

soil samples remained below the standard Hg level for safe agriculture soil (12,000 

µg/kg), as recommended by the Vietnamese government (QCVN 03:2023/BTNMT, 

2023).  

Figure 2.2. Hg concentration in both soil sample layers in the Nam Son and Bac Son 

communes. 

The highest Hg concentration of 78.9 ± 1.91 𝜇g/kg dry w.t. was found in soil sample 

BS3 (January 2021), located 300 meters from the landfill and situated across the Lai Son 

canal, indicating the direct effect of seepage through the landfill deposits (Giang et al., 

2018). Conversely, the lowest Hg concentration of 21.3 ± 1.92 𝜇g/kg dry w.t. was observed 

in soil sample NS3 (September 2021), situated in Nam Son commune. The difference was 
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not statistically significant (p > 0.05) in Hg concentration between dry and rainy season 

during both Nam Son and Bac Son communes. However, in most of samples, rainy 

season showed higher Hg concentration than dry season. Research by He et al conducted 

in the municipal solid waste (MSW) landfill, Nagasaki, Japan also reported the detection 

of T-Hg concentration in the soils ranged from 0.2270 to 2.9190 mg kg−1 dw (median: 

1.1410 mg kg−1 dw) (He et al., 2018). Besides, research by Wei et al also showed the release 

of Hg from landfills, the Hg concentration measured in the atmosphere at Shanghai 

Laogang MSW Landfill was recorded to reach 13.5 - 25.2 ng m-3 (Zhu et al., 2013). It 

indicated that Hg MSW is buried in the landfill, it will be deposited as a long-term 

pollutant, and can be released into the surrounding air, water, and soil through gas 

emissions and leachate from landfill. 

Figure 2.3. Relationship between distance to the Nam Son landfill and Hg 

concentration in Nam Son and Bac Son. 

Figure 2.3 shows the correlation between Hg concentrations in the soil and distance 

to Nam Son landfill. A lower correlation was found in topsoil Nam Son commune (R2 = 
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0.284, p < 0.05). The construction of the Nam Son garbage power plant near the south 

gate of the landfill from 2017 to 2022, along with the transport of construction materials, 

may have influenced the distribution of Hg in the southern area of the landfill. 

Conversely, a positive correlation of Hg concentrations in soil was observed in Bac Son 

(R2 = 0.799, p < 0.05), suggesting that Hg concentration tends to decrease with increasing 

distance from the landfill. This trend is in line with findings reported by Li et al., 2020 

(Li et al., 2020), who observed higher Hg concentrations closer to the pollution source of 

the Guizhou Organic Chemical Plant.  

Most of the sampling points (NS1, NS2, NS3, NS5, BS2, BS3, and BS4) showed higher 

Hg concentrations in January compared to September, which can be attributed to the 

sampling time aligning with the dry season in the RRD for January and the rainy season 

for September (Raghavan et al., 2017). During the rainy season, May to October, both 

irrigation and rainfall wet the soil surface, leading to increased total gaseous Hg 

emissions from the soil surface (Gabriel et al., 2011). This is consistent with findings by 

Barletta et al., 2012 (Barletta et al., 2012), who demonstrated that Hg loading in tropical 

estuaries is largely influence by the rainfall regime.  

Besides, the rice cultivation also affects Hg concentration, September is the harvest 

season, Hg can be absorbed by rice plants (Meng et al., 2014). Meanwhile, in January, 

when the soil is left idle before the growing season, the amount of Hg accumulated in 

the soil was higher. 

In contrast, NS4 and BS1 exhibited a different pattern, with higher Hg concentration 

in September compared to January. This difference is attributed to the influence of the 
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Southwest Monsoon (SWM) on the Nam Son landfill during September, and the active 

Northeast Monsoon (NEM) during January, 2022 (Loo at el., 2015; Ashfold et al., 2017). 

Additionally, the southeasterly trade winds (STW) remain dominant and active year-

round. Monsoons have been identified as the primary factor controlling the seasonal 

variation of total gaseous mercury (Chen et al., 2013), affecting the movement of Hg in 

the atmosphere and leading to changes in the accumulated Hg concentration in the soil.   

The spatial and seasonal distribution of Hg concentration in the soil is influenced by 

various physical factors. Monsoons, precipitation regime and surface water irrigation 

movement play a significant role in affecting the distribution of Hg. Additionally, Hg 

depletion with distance is influenced by factors such as soil water retention and mercury 

adsorption, which are influenced by the organic carbon content, texture, and other soil 

properties. Soil mixing activities, such as plowing and tillage, also contribute to the 

spatial variation of Hg concentration in the soil (Morosini et al., 2021). 

2.3.2. Vertical Distribution of Hg Concentration 

The vertical distribution of Hg concentration is shown in Table 2.2. In January 2022, 

the highest Hg concentration of 92.2 ± 2.55 𝜇g/kg dry w.t. was observed in surface layer 

at BS3, while the bottom layer of BS3 exhibited lower Hg concentration of 54.6 ± 4.26 

𝜇g/kg dry w.t.. This decreasing trend in Hg concentrations with increasing soil depth, 

was observed at all sampling points during both January and September, including the 

Ref, NS1, NS2, NS3, NS4, BS1, BS2, BS3, BS4, and BS5. Additionally, there were 

significant differences (p < 0.05) in Hg concentrations between surface and bottom layers 

during both dry and rainy seasons. These findings indicate that Hg was transported 
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from the surface to the deeper layers, with the surface layer experiencing higher 

pollutant levels compared to deeper layers (Wang et al., 2021). Similar results have been 

reported in other studies. Wang et al., 2021 found a significant decreasing trend of Hg 

concentration from the surface to deeper layers in croplands in northern China. Bolaños-

Álvarez et al., 2016 observed a continuous increase in Hg concentrations from 15 cm 

depth to the surface in riverine sediments in Cuba. The distribution of Hg concentrations 

decreasing with soil depth may attributed to the deposition of Hg from atmosphere 

through dry and wet processes into the topsoil  (Yu et al., 2018; Braaten et al., 2016; 

Tomiyasu et al., 2017). The wet deposition is the fall of liquid phase compounds, 

including major precipitation events such as rainfall and snowfall. The dry deposition is 

the settling or falling-out of particles due to the influence of gravity, including the 

deposition of gas-phase compounds and particles too small to be affected by gravity. 

Table 2.2. Hg concentration (𝜇g/kg dry w.t.) in surface and bottom layers and bottom 

layers of soil samples in the Nam Son landfill.  

.Sampling 

point 

Hg concentration in Sept, 2021 Hg concentration in Jan, 2022 

Surface 

(0 – 5 cm) 

Bottom 

(20 – 25 cm) 

Surface 

(0 – 5 cm) 

Bottom 

(20 – 25 cm) 

Ref - - 25.8 ± 2.16 7.47 ± 0.80 

NS1 34.9 ± 2.04 29.7 ± 2.33 49.7 ± 2.33 27.5 ± 0.71 

NS2 44.9 ± 0.43 20.6 ± 0.41 87.9 ± 9.20 29.0 ± 2.08 

NS3 26.3 ± 3.31 16.2 ± 0.54 34.2 ± 3.37 17.9 ± 1.19 

NS4 53.2 ± 3.87 46.3 ± 3.99 42.6 ± 2.54 41.1 ± 1.88 

NS5 30.7 ± 1.99 36.2 ± 0.21 41.1 ± 5.17 51.4 ± 0.22 

BS1 70.5 ± 0.96 45.1 ± 2.28 50.1 ± 3.19 21.4 ± 0.79 

BS2 65.8 ± 0.94 58.6 ± 1.12 84.9 ± 4.41 47.7 ± 2.59 

BS3 88.4 ± 3.52 69.4 ± 0.31 92.2 ± 2.55 54.6 ± 4.26 

BS4 33.0 ± 1.50 24.2 ± 0.57 38.4 ± 1.47 30.4 ± 2.08 

BS5 53.2 ± 5.42 18.2 ± 1.86 45.8 ± 1.99 9.23 ± 1.80 

-: No sample. 
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Interestingly, the distribution of Hg concentrations at NS5 differed from the general 

pattern. These sampling points showed noticeably low Hg concentration. In NS5, the 

higher Hg concentration was observed in the bottom layer during both September and 

January with value of 36.2 ± 0.21 𝜇g/kg dry w.t. and 51.4 ± 0.22 𝜇g/kg dry w.t., 

respectively. In RRD, farming activities involve processes like plowing, harrowing, 

fertilizing, and irrigation with contaminated water from the ditch network. The travel 

distance of water during irrigation events and the addition of biochar from burning rice 

straw in fields may also influence the Hg concentration (Liu et al., 2022; Li et al., 2019). 

It is possible that NS5 is a field where rice straw is not burned, leading to a lager vertical 

migration of Hg concentration in the soil compared to other fields. These farming 

activities and irrigation practices could have influenced the Hg concentration at NS5 

during sampling time. In conclusion, the vertical distribution of Hg concentration in soil 

at NS5 appears to be affected by specific farming practices and irrigation, highlighting 

the complex interplay of factors influencing Hg distribution in the study area. 

2.3.3. Effect of pH and SOM on Hg concentration in soils 

The SOM and pH analysis were conducted due to their significance as key soil 

factors that might affect the availability and mobility of Hg in soils (Yang et al., 2007), 

because the content of Hg adsorbed into soil particles may increase or decrease 

depending on pH and SOM (Chang et al., 2014). Hg in soil exists in many different forms 

such as organic mercury (MeHg) or free ionic Hg2+, while if the soil pH is acidic, it will 

promote Hg to become soluble (Hg2+) and be easily absorbed. SOM has a high affinity 

for Hg and shows strong binding, and is a positive factor to Hg methylation in soil and 
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thereby increasing Hg bioavailability towards plants (Natasha et al., 2019). Soil pH 

ranged from 5.05 to 8.08, integrating these results indicated that the agricultural soils in 

sampling area was slightly acidic. These values were close to neutral pH and typical or 

the Eutric Fluvisols of RRD. SOM varied from 0.77 to 8.32 %, higher C levels observed at 

the top layer, could be a result of irrigation using domestic wastewater with high organic 

matter content (Duc et al., 2007).  

Dry season Rainy season 
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Figure 2.4. Relationships between SOM and pH, and Hg concentrations in both soil 

layers in dry and rainy seasons.  

The linear regression analysis conducted for both soil layers showed that there were 

significant correlations between SOM and Hg concentrations in both dry and rainy 

season (R2 = 0.723 and 0.575, respectively; p < 0.05) (Figure 4). The Durbin-Watson test 

was used to diagnose the residuals of soil samples in both seasons, the results suggest 

that there was no autocorrelation (d = 2.14 and d = 1.41 in dry and rainy season, 

respectively). Thus, SOM may play an important role in Hg accumulation. In contrast, 

soil pH values had no correlations with Hg concentrations in soil (p > 0.05) (Figure 2.4). 

This result is consistent with other study (Bortey-Sam et al., 2015) which indicated that 

pH had minor or no significant effect on the accumulation of metals.  

2.3.4. Geo-Accumulation (Igeo) in soil 

The Igeo index was caculated for each sampling point to assess the contamination 

level of mercury in the soil. Figure 2.5 shows the Igeo index of Hg in the soil layer at each 

sampling site in January 2022. For paddy soil around the Nam Son landfill, the Igeo values 

ranged from 1.2 to 2.7, categorizing them as moderately polluted to heavily polluted 

according to the geo-accumulation index.  
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Figure 2.5. Igeo (value and class) for each sampling point and distance to the landfill (m) 

in (a) Nam Son and (b) Bac Son. 

The Igeo values for sampling sites in Nam Son commune (NS1, NS3, and NS4) and 

Bac Son commune (BS1, BS4, and BS5) ranged from 1.2 to 2.4 and 1.3 to 2.7, respectively, 

suggesting a moderately polluted category. On the other hand, the higher Igeo values 

were observed for sampling sites in Nam Son (NS2 and NS5) and Bac Son (BS2 and BS3) 

indicating a greater influence from the landfill in the soil nearby area. This finding 

highlights the potential impact of the landfill on the soil in its surrounding area.  

2.4. Conclusions 

Based on the analysis results of soil samples in paddy fields around Nam Son 

landfill in Hanoi, Vietnam, this study provides an initial report on the mercury 

accumulation in agricultural land around Nam Son landfill. The paddy fields selected in 

this study are contaminated with Hg through landfill operations. The geo-accumulation 

of Hg in paddy fields near landfills is significant. This can lead to a potential risk of Hg 
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contamination in agricultural products grown in this area. Therefore, strict control 

measures are needed in classifying and treating waste before it is buried. 

The spatial and seasonal distribution of Hg in soil is influenced by the physical 

factors such as monsoons, precipitation regime. Heavy rainfall in the rainy season 

increases the evaporation of Hg, leading to the amount of Hg in soil in the rainy season 

tending to be lower than in the dry season. SOM has a positive correlation with the 

amount of Hg in both soil layers (p < 0.05). While this study sheds light on Hg 

accumulation in agricultural soil around the Nam Son landfill, and the influence of SOM, 

monsoons and precipitation regime on the spatial distribution of Hg in the soil, it is 

important to note that these are just some of Hg transport and accumulation in the soil. 

Thus, it is important to keep in mind that more detailed research is needed to further 

elicidate the factors affecting the distribution and accumulation of Hg in soil in this area, 

to find out the detailed impacting mechanism of soil properties on Hg accumulation then 

reduce the negative impact on soil Hg .  
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Chapter 3: The health risk assessment of mercury in rice from 

paddy fields around Nam Son landfill, Hanoi, Vietnam 
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3.1. Introduction 

Mercury (Hg) is one of the ten most toxic elements that affect on human health, 

in the natural, Hg exist in the three form: elemental mercury or quicksilver (metallic 

mercury and vapor mercury, Hg0), inorganic mercury (Hg+ and Hg2+), and organic 

mercury (methylmercury and ethylmercury), from natural sources (volcanic emission, 

cinnabar) and anthropogenic sources (coal-fired electric utilities, waste combustion, and 

hazardous-waste incinerators (Cariccio et al.,2019). Hg compounds can cause kidney 

failure, nervous system disorders, fetal toxicity, and death (Cariccio et al.,2019; 

Fernandes et al., 2012). One of the most serious Hg poisoning cases in history was the 

Minamata disaster in Japan, which caused the deaths of 1043 people, the reason is 

consumption contaminated fish and shellfish by the discharge activities of factory 

manufacturing the chemical acetaldehyde (Harada, 1995). Hg is unique heavy metal due 

to its toxicity, long-distance transport, persistence and bio-accumulation (Wang et al., 

2016).  

Rice consumption has recently been considered by researchers as one of the main 

routes of mercury exposure to the human body through the food chain besides fish 

(Horvat et al., 2003; Du et al., 2021). Paddy fields are a very special environment, not 

only the amount of Hg accumulated from the air, but rice soil also accumulates mercury 

from cultivation such as irrigating farmland with Hg-contaminated water, extensive use 

of fertilizers, and pesticides containing Hg (Huang et al., 2022). In particular, paddy 

fields located near anthropogenic sources such as artisanal and small-scale gold mining 

(ASGM) (Qiu et al., 2008), industrial areas, and landfills (Tang et al., 2015) are increased 
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risk potential for Hg contamination (Tang et al., 2020). Numerous studies have shown 

that rice, fish, and fruits harvested from area located near sources of mercury pollution 

is contaminated with significant amounts of Hg (Peng et al., 2015; Wu et al., 2013). 

Rice (Oryza sativa) is a staple food crop, and Vietnam is one of five major rice 

exporters (India, Pakistan, Thailand, the US and Vietnam) (WEF, 2022). The Red River 

Delta (RRD) located in the North of Vietnam is the second largest granary in the country, 

behind Mekong Delta located in the South. The average annual rice cultivated area of 

RRD is roughly 1.07 million hectares (Vietnam General Statistics Office - GSO), 

accounting for about 14% of Vietnam's total rice growing area (USDA, 2020) , also is the 

second largest granary in the country. With the advantage of favorable terrain, RRD is a 

large plain, supplied with annual alluvium from the Red River, creating fertile land and 

creating favorable conditions for cultivating crops. RRD has two main crops a year: the 

summer rice crop and the Summer-Autumn crop. 

In Vietnam, rice products are always fully utilized. Besides rice, other products 

including bran, rice husk, and straw are also used. Specifically, rice bran is the outer 

brown layer, including the rice germ that is removed during milling of brown rice to 

produce milled rice (Rosniyana et al., 2009), which is used as food for livestock (pig, cow, 

chicken, duck, etc.). Rice husk are used as fertilizer, barn bedding, fuel, and mushroom 

growing material. Straw is used as food for cattle, fertilizer, and fuel. Therefore, Hg 

pollution in rice not only affects the quality of rice but also affects the quality of livestock 

and the environment, hence Vietnam is the third country had the highest Hg production 

density (behind Bangladesh and India) (Liu et al., 2019).  
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In this study, we collected rice samples from paddy fields surrounding the Nam 

Son landfill area to evaluate the level of Hg contamination in rice around landfill area. 

The influence of manual drying method on Hg level in rice was discussed. Besides, for 

the first time, potential health risk assessment based on local resident’s consumption of 

rice harvested from the study area. 

3.2. Materials and methods 

3.2.1. Sampling site 

The study site is in paddy field around Nam Son landfill site in Soc Son district 

of Hanoi, Vietnam, located in Red River Delta (RRD), where is the primary region for 

rice cropping in northern Vietnam (Nguyen et al., 2015).  

Nam Son waste treatment complex has a total area of 83.5 hectares, including a 

wastewater treatment plant, a waste power plant and closed and operating landfills 

(Figure 3.1). The process of transporting, burying and treating waste can release toxic 

substances including organic compounds  (Andrew et al., 2011) and heavy metals (Hoai 

et al., 2021; Giang et al., 2018) into the environment around the landfill. This study 

focuses on assessing the level of mercury contamination in rice from paddy fields 

surrounding Nam Son landfill. Due to terrain characteristics and incomplete planning, 

some rice fields are only 200 m from Nam Son landfill. In previous research we have 

demonstrated that rice paddy soil surrounding the landfill area is likely to be 

contaminated with Hg from the landfill (Thi Quynh et al., 2024), therefore a study to 

evaluate the absorption and transport of Hg from the soil into rice plants in this area is 

really necessary. 
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3.2.2. Sample collection  

Sampling campaign was conducted in the paddy fields around Nam Son landfill 

on September 15th 2021, during the Summer-Autumn harvesting season. A total of 15 

rice samples (R01 – R15) were collected in Nam Son and Bac Son commune, using a 

sickle. After collection, all rice samples were washed with tap water 3 times and rinsed 

with milli-Q water. They were dried in the oven at 40 o C for two weeks. Then, husks 

were separated from grains by a huller. Brown rice and husk samples were ground using 

a porcelain mortar and pestle and sifted through a 200 µm mesh size sieve to obtain finer 

particles. The dried samples were labeled and stored in a polyethylene ziplocked bags 

and kept at 4 o C. 

Figure 3.1. Map of sampling site, Nam Son, Soc Son, Hanoi 

In addition, due to the farming habits rice is often dried on the ground of garden, 

road or highway under sunlight, leading to the rice being contaminated with Hg. 
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Therefore, ten polished white rice and its rice bran (n = 10, and n = 10) were collected at 

mill shops located in Bac Son commune and Nam Son commune. At the mill shops, rice 

was milled removing the husk, bran layers and germ. Polished white rice, and rice bran 

were then ground using a porcelain mortar and pestle and sifted through a 200 µm mesh 

size sieve to obtain finer particles. The dried samples were labeled and stored in a 

polyethylene ziplocked bags and kept at 4 o C in the dark. 

3.2.3. Sample analysis 

a) Hg analysis 

The Hg concentration in all samples were determined using the direct thermal 

decomposition mercury analyzer (MA-3000, Nippon Instruments Corporation, Tokyo, 

Japan). Approximately 50 mg of each sample was weighed into sample boats in 

triplicates and placed in MA-3000. Calibration curves were generated using standard 

solutions of Hg2+ at concentrations of 10 µg/kg, 100 µg/kg and 1000 µg/kg for both low 

and high calibration curves. 

b) Ecological Risk Assessment 

Potential ecological risk index (PER) was employed using the Hakanson, 1980 

model. This index considers the sensitivity of biological communities, toxicity, measured 

concentration and background concentrations. Hg contamination coefficient (C) was 

calculated using Equation 1. Then potential ecological risk index (PER) of Hg was 

calculated using Equation 2. Input parameters for these equations are detailed in Table 

3.1.   
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C = CHg/BHg (Equation 1) 

C < 1: low contamination factor (indicating low sediment contamination of the 

substance in question); 1 < C < 3: moderate contamination factor; 3 < C < 6: considerable 

contamination factor; C > 6: very high contamination factor.  

PER = C × T (Equation 2) 

PER < 40: low risk, 40 ≤ PER < 80: moderate risk, 80 ≤ PER < 160: considerable risk, 160 ≤ 

PER < 320: High risk, PER ≥ 320: very high risk. 

Table 3.1. Input parameters for evaluating Hg concentration coefficient (C), and 

Potential ecological risk index (PER) 

Parameter Meaning Value (unit) Reference 

CHg Hg concentration in rice (µg /kg) This study* 

BHg the local Hg concentration 

background for soil 

7.47 (µg /kg) Thi Quynh et al., 

2024 

T The toxic factor of Hg 40 Hakanson et al., 

1980 

 

Table 3.2. Input parameters for evaluating Estimated Weekly Intake (EWIhm) and 

Hazard Quotient (HQ) 

Parameter Meaning Value (unit) Reference 

EF The exposure frequency 365 (days/year) USEPA, 1989  
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ED The exposure duration 70 (years) USEPA, 1989  

IRhm The rice grain ingestion rate  0.589 (kg/day) Chu et al., 2021 

CHg The concentration of Hg in 

rice grain 

(µg /kg) This study* 

φ The bio-accessibility of Hg 45 (%) (Lin et al., 2019)  

BWhm The average body weight  58 for male and 45 

for female (kg) 

(Chu et al., 2021) 

AT The average exposure time 

for non-carcinogens 

For non-

carcinogens, AT = 

ED × EF 

USEPA, 1989  

RfD The oral reference dose of Hg 

via the oral exposure route 

0.0003  

(mg/kg/d) 

Jin et al., 2023  

 

c) Tolerable intake of Hg and risk characterization 

For human 

Health risks associated with Hg calculated using the model in the FAO/WHO 

Joint Expert Committee on Food Additives (JECFA) withdrew the former Provisional 

Tolerable Weekly Intake (PTWI), it indicates the noncarcinogenic risk of oral exposure. 

The JECFA established a PTWI for inorganic Hg is 4 µg /kg b.w.  The Estimated Weekly 

Intake (EWIhm) of Hg from consumption of rice can be calculated by Hg concentration in 

rice with the consumption levels per week dividing by the average body weight of the 
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population by sex, using the Equation 3 (Ahmad et al., 2022). 

Health risks associated with Hg calculated using the Hazard quotient (HQ) was 

used to estimate the probability of health effects due to the exposure through 

consumption of rice. The following Equation 4 was used to calculate HQ. 

Input parameters for these equations are detailed in Table 3.2. 

EWIhm = (IRhm × 7 × CHg × φ)/ BWhm  (Equation 3) 

HQ = (EF × ED × IRhm × CHg × φ) / (BWhm × RfD × AT)  (Equation 4) 

HQ < 1: no negative noncarcinogenic health effects for the exposed human 

population, 1 ≤ HQ: the pollutant is likely to have some noncarcinogenic deleterious 

effects on human health. 

For Chicken 

The Feed Daily Intake (FDI) of Hg from consumption of rice bran by chickens 

can be calculated based on Hg concentration in rice bran. The hypothetical chickens 

considered in this study were commercial broiler chickens (Hybro strain), using the 

Equation 5 (Ahmad et al., 2022). 

FDIck = (IRck × CHgRB)/ BWck  (Equation 5) 

Where: 

IRck: the rice bran ingestion rate (0.15 kg/kg/day (Zhang et al., 2020))  

CHgBR: the concentration of Hg in rice bran (µg /kg) 
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BWck: The average chicken weight (0.22 kg (Atuahene et al., 2000)) 

3.2.4. Quality assurance (QA) and quality control (QC) 

In the laboratory analysis, strict measures were taken to ensure a contamination-

free environment. An ultra-clean bench was used, and all water used had a high purity 

level of 18.2 MΩ⸱cm @ 25°C (Millipore, USA). Reagents of guaranteed purity (GR) were 

utilized to avoid any contamination or ultra-low blanks.  

During the analysis of ultrapure water was employed as a blank to establish 

baseline measurements. To ensure the accuracy and reliability of the Hg analyses, a 

comprehensive quality assurance and quality control program was implemented. 

Method blanks, certified reference materials (CRM), specifically ERM-CC580 (Institute 

of Reference Materials Measurements, Belgium) for Hg, and duplicate samples were 

used. The obtained results from this method demonstrated excellent agreement with the 

reference values, with a mean value of 132 ± 3 mg/kg. The recovery rates for the certified 

reference materials ranged from 96.9% to 101.7% for the Hg analysis, and the relative 

standard deviations were consistently < 5 % for Hg.  

3.2.5. Statistical analysis 

The statistical analysis was conducted using IBM SPSS Statistics SPSS 26.0 

software from IBM Corporations, New York, USA. The Shapiro-Wilk was used to assess 

whether data might be well-described by a Normal distribution. The dietary exposure 

levels for Hg by sex and residential area categories were compared by one-way analysis 

of variance (ANOVA). Graphs were crafted utilizing OriginPro and Microsoft Excel. 



48 

 

3.3. Results and discussion 

3.3.1. Hg concentration in rice  

Hg concentration in brown rice was shown in Figure 3.2. The mean 

concentrations of Hg in brown rice measured at Nam Son and Bac Son were 11.3 ± 1.08 

µg/kg and 8.81 ± 1.22 µg/kg, respectively.  

Figure 3.2. Hg concentration in brown rice samples. 

Specifically, sampling points with higher Hg concentrations include R03, R04, 

R05, R06 with Hg concentration ranging from 15.0 ± 1.39 µg/kg to 16.3 ± 2.57 µg/kg. It 

can be seen that these are all locations in Nam Son located near the main gate and close 

to the landfill. A similar trend was also observed in Bac Son, R11 and R12 (10.2 ± 0.47 

µg/kg and 10.9 ± 1.81 µg/kg) located near roads and the landfill had higher Hg 

concentrations than other sites. This may be explained by the fact that during the time 

these rice samples were collected, the Thien Y waste power plant located near the south 
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gate of the landfill was under construction (September 2021). Therefore, besides garbage 

trucks, a large number of trucks transporting construction materials pass through Nam 

Son Street to the south gate of the landfill. This contributes to increased mercury 

concentrations in the environment in the southern region, leading to higher Hg 

concentrations in rice grains. 

Similar mean ± SD Hg concentration have been reported from Hg-contaminated 

site in Pakistan in the study of Aslam M W et at., 2020 (12.20 ± 16.97 ng/g).  Chu et at., 

2021 reported Hg concentration in rice in not Hg-contaminated and mining activity area 

was 7 (nd – 11) µg/kg. Compared with the study of Du et al., 2018 conducted with rice 

samples collected in areas not contaminated with Hg, with an average value of Hg 

concentration in rice samples of 4.6 ± 3.0 µg/kg in Hubei and 3.9 ± 1.6 µg/kg in Anhui, 

China (Du et al., 2018), brown rice samples from the area around Nam Son landfill had 

higher Hg concentrations. This indicated that rice grown in this area is contaminated 

with a certain amount of Hg from Nam Son landfill. 

However, compared with the reported data of Hg concentration in rice of ASGM 

area in Lebaksitu, Indonesia was 32.2 (9.1 – 115) µg/kg (Novirsa et al., 2020), Hg mining 

area of 10.3 – 1120 µg/kg of dry w.t in Guizhou, China (Qiu et al., 2008), and 643 µg/kg 

at the Xunyang Hg mine located in Shaanxi Province, China (Ao et al., 2020), the data 

obtained from this study was much lower. Because the brown rice collected in this study 

area is contaminated with Hg from Nam Son landfill, although the degree of impact is 

there, to compare with areas Hg-contaminated by Hg mining, and ASGM, its 

concentration is extremely small. 
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Hg concentration in ten polished white rice and bran rice from mill shops in Nam 

Son and Bac Son commune are shown in Figure 3.3. Both the Hg concentration in 

polished white rice and rice bran in Nam Son and Bac Son were far below the 

recommended Vietnamese guideline values of 50 µg/kg for coffee, tea and its products 

(QCVN 8-2:2011/BYT, 2011). All the samples, Hg concentration in rice brans are higher 

than its polished white rice, Hg concentration in rice bran are almost equal twice Hg 

concentration in polished white rice.  

Rice bran is a by-product of rice industry containing about 87% dry matter, 11–

15% crude protein, 15–20% lipids and 6.5–10% ash (de Campos et al., 2007). Rice bran 

are feed livestock, hence higher concentrations of Hg in rice bran will increase the 

potential risk of Hg contamination. Hg pass through the food chain causing a potential 

risk of Hg exposure to humans. An investigation into the amount of rice bran used for 

livestock production and food consumed by people every day is urgently needed in the 

next study.   
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Figure 3.3. Hg concentration in ten 

polished white rice (grain rice) and bran 

rice from mill shops in Nam Son 

commune (NS) and Bac Son commune 

(BS) 

 

Figure 3.4. Comparison between Hg 

concentration in polished white rice 

(grain rice) and bran rice from mill shop 

and brown rice from paddy field. 

* The same letters represent no 

significant difference (p > 0.05) and the 

different letters represent a significant 

difference (p < 0.05) by the one-way 

ANOVA test 

 

On the other hand, according to Nurul Husna Shafie and Norhaizan Mohd Esa, 

2017 researched on the structure of rice grain, rice husk accounts for 20% and brown rice 

accounts for 80% (of which is rice bran 8%, white rice is 70%, and rice germ is 2%).  

Based on the structure of rice, we estimated the amount of Hg present in brown rice from 

the mill shop equivalent to 90% of the Hg concentration in polished white rice (grain 

rice) plus 10% of the Hg concentration in bran rice (Figure 3.4). The result indicating no 

signification difference between brown rice from mill shops and paddy fields. However, 

Hg concentration in all bran samples were signification higher than white rice and 

brown rice from mill shops and paddy fields. Probably suggesting that rice grains absorb 

Hg from atmosphere such as dry and wet deposition, vehicles, fertilizers, and pesticides 

containing Hg (Huang et al., 2022). Previous studies have confirmed that Hg uptake 

from rice root hardly transported into rice aerial parts, and Hg absorbed rice grain is 

mainly in the gaseous elemental Hg (Hg0g) entering through stoma (Tang et al., 2020). 

Recently, research by Phan Dinh et al., 2022 also detected a relatively high amount of Hg 
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in street dust in Hanoi city. Therefore, the amount of Hg accumulated from the air 

environment in the bran covering rice grains during maturation has led to the amount 

of Hg in rice bran being higher than rice grain.  

Comparing the Hg concentration between brown rice from paddy fields in Nam 

Son and Bac Son commune, we observed that Hg concentration in brown rice of Nam 

Son was higher than its of Bac Son, however, the previous study showed that Hg 

concentration in soil of Nam Son was lower than its of Bac Son (Thi Quynh et al., 2024). 

This indicated that Hg concentration in soil has no significant effect on Hg concentration 

in rice, while Hg soil contamination is related to the cannel, drain water of the 

wastewater plant (the north gate of the landfill), but air contamination is one of essential 

factors of the rice samples. Ao et al., 2020 also demonstrated that significant Hg 

accumulation in rice grains is a result of atmospheric mercury deposition. Some previous 

studies have shown that the Hg content accumulated in street dust is higher in soil 

(Nguyen et al., 2022; Sahakyan et al., 2018). 

3.3.2. Ecological Risk Assessment 

The results for the contamination coefficient (C), and potential ecological risk 

(PER) index are shown in Table 3.3. Base on the assessment, the brown rice from both 

Nam Son and Bac Son had 1 < C < 3, indicating moderate contamination factor. The 

brown rice from both Nam Son and Bac Son had 40 ≤ PER < 80, indicating moderate risk. 

Hence, all the rice from paddy field around Nam Son landfill may pose potential 

ecological risks to human, livestock, and the entire paddy field ecosystem. However, 

continuous release of Hg through landfill activities into the surrounding area may result 
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in higher contamination of the paddy fields and their produce in future.  

Table 3.3. The C and PER values of brown rice in Nam Son and Bac Son commune. 

Location Concentration 

(µg/kg) 

(min – max) 

C PER 

Rice 

paddy 

field 

Nam Son (South 

of the landfill) 

11.31 

(7.68 - 16.32) 

1.51 60.6 

Bac Son (North of 

the landfill) 

8.81 

(7.23 – 10.94) 

1.18 47.2 

 

3.3.3. Health risk assessment 

To evaluate the dietary exposure risk from rice grains, we analyzed the estimated 

weekly intake (EWI) of Hg through polished white rice from mill shop and brown rice 

for human and rice bran for chickens. The bio-accessibility of Hg in this study used a 

value of 45 % (Lin et al., 2019), applied to cooked rice. Considering the worst-case 

scenario, with the highest Hg bio-accessibility values. Compared to the bio-accessibility 

for fish, this ratio was lower, Bradley et al., 2017 reported up to in raw tuna 75%, and 75 

– 92 % in raw shrimp (Siedlikowski et al., 2016), however the bio-accessibility is reduced 

if the food is cooked (Abdullah, 2020).  
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Table 3.4. EWIhm and HQ level of polished white rice and brown rice, and FDIck level of 

rice bran from Nam Son and Bac Son commune  

Location  Concentration 

(µg/kg) 

(min – max) 

Male Female Chicken 

EWIhm 

(µg/kg 

b.w) 

HQ EWIhm 

(µg/kg 

b.w) 

HQ FDIck 

(µg/kg 

b.w) 

Rice 

mill 

shop 

Nam 

Son 

(South 

of the 

landfill) 

Polished 

white 

rice 

10.4 

(8.47 – 12.2) 

0.333 0.158 0.429 0.204 N/A 

Bran rice 19.5 

(15.9 – 22.9) 

N/A N/A N/A N/A 2.91 

Bac Son 

(North 

of the 

landfill) 

Polished 

white 

rice 

8.47 

(7.39 – 9.65) 

0.271 0.129 0.349 0.166 N/A 

Bran rice 15.8 

(13.8 – 18.2) 

N/A N/A N/A N/A 2.37 

Rice 

paddy 

field 

Nam 

Son 

(South 

of the 

Brown 

rice 

11.3 

(7.68 - 16.3) 

0.364 0.172 0.469 0.222 N/A 
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landfill) 

Bac Son 

(North 

of the 

landfill) 

Brown 

rice 

8.81 

(7.23 – 10.94) 

0.280 0.134 0.364 0.173 N/A 

N/A: no applied 

The average EWIhm value of Hg through consumption of polished white rice from 

mill shop is 0.333 µg/kg b.w and 0.271 µg/kg b.w for male, and 0.429 µg/kg b.w and 0.349 

µg/kg b.w for female in Nam Son and Bac Son commune, respectively (Table 3.4). This 

value with consumption of brown rice from paddy fields is 0.364 µg/kg b.w and 0.280 

µg/kg b.w for male, and 0.469 µg/kg b.w and 0.364 µg/kg b.w for female in Nam Son and 

Bac Son commune, respectively. Generally, EWIhm of brown rice was higher the polished 

white rice. All values were lower than the PTWI of JECFA established for inorganic Hg 

is 4 µg/kg b.w. Along with that HQ values of male and female in Nam Son and Bac Son 

all were lower than one, indicating that consuming rice from Nam Son and Bac Son 

might not cause potential human health risk of Hg exposure. 

The average FDIck value of Hg through consumption of rice bran from mill shop 

is 20.4 µg/kg b.w and 16.6 µg/kg b.w for chicken in Nam Son and Bac Son commune, 

respectively (Table 3.4). FDIck values in chickens are high, suggesting that a large 

amount of Hg is absorbed by chickens. That amount of Hg can accumulate in chicken 
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parts and affect human health through the food chain. In this study, the Hg 

concentration in chicken parts such as meat, skin, stomach, liver and bones were not 

evaluated. Therefore, a future study evaluating the Hg content in chicken parts such as 

muscle, skin, bond and egg is necessary.  

3.4. Conclusions 

Based on the analysis results of rice samples from paddy fields around Nam Son 

landfill, Hanoi, Vietnam, this study showed the condition of Hg in rice planted in this 

area. The Hg concentrations in brown rice samples from paddy fields of this study 

ranges 7.18 ± 0.73 to 16.32 ± 2.57 µg/kg dry w.t. Among them, brown rice samples near 

landfill or highway tend to have higher Hg concentrations than sites farther away. This 

result indicates that activities related to traffic and construction sites may play an 

important role in the dispersion of Hg in the study area.  

The brown rice from both Nam Son and Bac Son had 40 ≤ PER < 80, indicating 

rice from paddy field around Nam Son landfill pose potential ecological risks to human, 

livestock, and the entire paddy field ecosystem.  

HQ was calculated to assess the potential health risk of Hg in this study. HQ 

values of male and female all were less than one, it demonstrated a relatively low risk of 

Hg ingestion cause by rice consumption planted in paddy fields around Nam Son 

landfill. However, the FDI of chickens are high, suggesting that a large amount of 

mercury is absorbed by chickens through the consumption of rice bran, thereby causing 

a potential risk to human health through the food chain.  
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Chapter 4: Hair mercury levels of resident in Nam Son landfill 

area, Soc Son, Hanoi 
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4.1. Introduction 

Vietnam is experiencing a period of strong urbanization. Migration from rural to 

urban areas, along with the expansion of administrative boundaries of urban area, has 

rapidly increased the proportion of the population living in urban areas. This has 

resulted in environmental pollution problems and domestic waste reaching overload 

level. Specifically, in Hanoi city, over 5000 tons of domestic waste are generated daily 

(Giang et al., 2018). This waste is gathered without any classification process and then 

transported to Nam Son landfill. Most of the waste is buried, part of which is used as 

fuel for the Thien Y waste power plant. Landfilling and incineration can lead to Hg 

leaching into soil and water, as well as releasing them into the air (He et al., 2018; Zhu et 

al., 2013). 

Mercury is a common metal that can be found in many products, such as 

thermometer, batteries, fluorescent lights, electric switches, and electronic equipment 

(Tan et al., 2015). Hg is a liquid under normal conditions, however, it can exist in its 

metallic form, as vapor, or transform into a more toxic form known as MeHg (Wu et al., 

2024). Hg can damage neurological, nephrological, immunological, cardiac, motor, 

reproductive, and even genetic systems (Gibb & O’Leary, 2014). Human exposure to 

Hg occurs through ingestion (food chain), skin contact, and inhalation (Kim et al., 2016). 

Additionally, residents in particularly polluted areas such as Nam Son landfill may be 

indirectly exposed through physical contact with contaminated soil, dust, air, water, and 

food. 
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Rice is a staple food in the human diet, making it crucial to give more attention 

to the potential risk of Hg exposure through the rice food chain. Rice cultivation plays a 

significant role in the global Hg cycle. Burning rice residues can increase atmospheric 

Hg emissions, while residues that degrade in paddy soils can enhance MeHg 

accumulation in rice grains (Ao et al., 2020; Liu et al., 2019). This raises a concern that 

rice consumption may serve as another significant pathway for human Hg exposure 

(Zhao et al., 2018). Residents in areas with higher rice consumption may therefore face 

an elevated risk of Hg exposure. 

Hair Hg concentrations are widely used as a biomarker Hg exposure in humans. 

Human hair is an ideal tool for health investigations because hair sampling is both 

convenient and non-invasive. This method has been explored for medical applications, 

disease states, and pollutant exposure (Thompson et al., 2013), the content of THg or 

MeHg in hair correlates with Hg level in the blood (Srogi, 2007). The concentration of 

Hg in hair is significantly higher than in blood (Liberda et al., 2014), allowing easier 

detection of Hg.  

Recent studies have shown that rice consumption from in Hg-contaminated 

paddy soil is a major pathway for Hg exposure in local populations. However, the level 

of Hg exposure to residents near the Nam Son landfill, and the dietary contribution to 

this exposure, remains unclear. Therefore, in this study, we conducted measurements of 

the contaminants in rice plants and the hair of residents in the Nam Son landfill area. 

The aims of this study were as follows: 1) to evaluate Hg accumulation in human hair 

samples; and 2) to estimate the contribution of rice consumption to Hg exposure in local 
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residents around the Nam Son landfill, to provide a reliable theoretical and scientific 

basis for the regulation and safe utilization of Hg-contaminated rice. 

4.2. Materials and methods 

4.2.1. Study area  

Our study was conducted in Nam Son landfill area, located in the Red River Delta 

in northern Vietnam (Figure 1). The Nam Son landfill, part of the Nam Son Waste 

Treatment Complex, initially covered 83.5 hectares, with 53.49 hectares designated for 

landfill purpose. In 1999, during its first phase, it was designed to process around 2000 

tons of waste daily (Giang et al., 2018). Up to now, the landfill has been operating for 25 

years, serving as the site where waste from Hanoi city is buried and treated. Two 

communes were selected in our study, Bac Son commune (north of the Nam Son landfill) 

and Nam Son commune (south of the Nam Son landfill). Rice paddy fields in these two 

communes are cultivated near the landfill, with some as close as 200 meters from the 

site, leading to the rice in this area being affected by Hg (Quynh et al., 2024). 
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Figure 4.1. Map of study area 

4.2.2. Questionnaire survey 

The Prefectural University of Kumamoto ethic committee has approved the 

research condition and method of this study. Epidemiological data were collected using 

a WHO-recommended health risk assessment questionnaire for Nam Son landfill. In 

March 2024, a total of 16 participants’ personal identification were collected through a 

face-to-face interview in the survey, all participants were selected randomly. The survey 

groups were composed of all males who lived in Bac Son (BS, n = 9) and Nam Son (NS, 

n = 7) commune around the Nam Son landfill. We investigated the occupation, age, 

height, weight, smoking and alcohol drinking habits for individuals. Furthermore, to 

identify the effect of rice consumption on human Hg expose, this study considered the 

daily intake of rice via the questionnaires. These participants appeared to be healthy, 
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with no confirmed Hg exposure, major congenital anomalies, or other disease. Prior to 

the interview, participants were informed about the purpose of this survey and provided 

with an informed contest document. Participants who rejected the informed consent 

were excluded from the study. The personal information is confidential and will not be 

disclosed to public. It will be used solely for statistical analysis purposes.  

4.2.3. Sample collection and preparation  

Hair samples were collected following the United States EPA-7473 method. Scalp 

hair samples were cut with clean stainless steel scissors, about 0.5 – 1.0 cm in length, 

placed into clean and sealed polyethylene bags, and transported to the laboratory. Hairs 

were disposed into short segments, washed with nonionic detergent, sonicated for 10 

min and triple-rinsed with distilled water and acetone, respectively. The samples were 

then dried in an oven at 40 o C overnight for further analysis (Xie et al., 2021). 

4.2.4. Analytical methods 

For Hg, dried samples about 30 mg were weighed into sample boats in triplicates 

and then sent into the direct thermal decomposition mercury analyzer (MA-3000, 

Nippon Instruments Corporation, Tokyo, Japan) following US EPA Method 7473. 

Calibration curves were generated using standard solutions of Hg2+ at concentrations of 

10 µg/kg, 100 µg/kg and 1000 µg/kg for both low and high calibration curves. 

4.2.5. Quality assurance/quality control (QA/QC) and data analysis 

For each batch of Hg analysis, quality control was assured by triplicating every 

tenth sample along with additive B blanks method to establish baseline measurements. 

To ensure the accuracy and reliability of the Hg analyses, a comprehensive quality 
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assurance and quality control program was implemented. Certified reference materials 

(CRM), specifically ERM-CC580 (Institute of Reference Materials Measurements, 

Belgium) for Hg, and triplicate samples were used. The recovery rates for the certified 

reference materials ranged from 96.9% to 101.7% for the Hg analysis, and the relative 

standard deviations were consistently < 5 % for Hg.   

The statistical analyses were performed using SPSS 26.0 (IBM, NY, USA) and 

Origin 2023 (OriginLab, Corporation, MA, USA). Differences between groups were 

tested using t-test analysis. The p < 0.05 was considered statistically significant.  

4.3. Result and discussion  

4.3.1. Hair Hg concentration 

The hair Hg concentration in Bac Son and Nam Son communes ranged from 0.47 

mg/kg to 2.08 mg/kg (n = 9) and 0.41 mg/kg to 1.28 mg/kg (n = 7), respectively, with the 

mean of Hg concentration in hair was 0.88 ± 0.05 mg/kg (n = 16) (Figure 2). Among them, 

about 31 % participants (5 samples) exceeded the safety standard of 1 mg/kg for hair Hg 

recommended by the US EPA (US EPA, 1997). There was no statistically significant 

difference in Hg concentrations in hair from Bac Son and Nam Son commune. The 

highest Hg concentration was observed in sample H9 (landfill worker), the lowest Hg 
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concentration was found in H14 (non-landfill worker).  

Figure 4.2. Hg concentration in hair samples around Nam Son landfill 

Table 1 shows the comparison of Hg concentration in hair from the Nam Son 

landfill area and other studies. The hair Hg concentration in this study was higher than 

that in the hydroelectric area of China, where the hair Hg concentration was 0.42 ± 0.43 

mg/kg and Hg concentration in Hg mining area in Colombia (0.86 mg/kg). However, the 

hair Hg concentration in this study was lower than the mean concentration of 3.2 (0.85 – 

9.15) mg/kg in hair from the ASGM area of Indonesia and the Hg-contaminated site in 

Brazil. 
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Table 4.1. Comparison of Hg concentration in hair in Nam Son landfill area and other 

studies. 

Location Hg concentration (mg/kg) Reference 

Nam Son landfill 

(Hanoi, Vietnam) 

0.88 ± 0.05 (n = 16) This study 

Hydroelectric area 

(China) 

0.42 ± 0.43 (n = 540) Xie et al., 2021 

Hg mining area  

(Colombia) 

0.86 (n = 96) Suárez-Criado et al., 2023 

ASGM 

(Lebaksitu, Indonesia) 

3.2 (0.85 – 9.15) (n = 41) Novirsa et al., 2020 

Hg-contaminated site 

(Brazil) 

9.8 – 17.5 (n = 36) Dolbec et al., 2001 

 

 

Although the Hg concentration in the soil around the Nam Son landfill area was 

not high (Thi Quynh et al., 2024), the Hg concentration in the hair of residents in this 

area is quite elevated. The observed discrepancy may be due to Hg concentration in hair 

being influenced by Hg in the air. Information collected from residents indicates that 

garbage burning at this landfill usually occurs in the evening. Incineration and the 

operating waste power plant are potential sources of significant Hg emissions into the 

surrounding environment, directly impacting the health of residents in the area around 

the landfill. 
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In our study, we considered total Hg in hair, which serves as a reliable indicator 

of methylmercury (MeHg) exposure. MeHg is reported to account for 85 – 98 % of THg 

in human hair (Wang et al., 2021a). Tang et al. (2015) showed that approximately 81% of 

Hg in hair exists in the form of MeHg (Tang et al., 2015). Assuming that the amount of 

MeHg in the hair of residents in this area accounts for 81% of THg, the hair MeHg 

concentration in Bac Son and Nam Son communes ranges from 0.38 to 1.68 mg/kg and 

0.33 to 1.04 mg/kg, respectively. 

4.3.2. Influencing factors 

With the daily consumption and occupational risks being the main mechanism 

for Hg exposure routes (Wang et al., 2021b), factors that affect Hg concentration in hair 

including smoking habit, occupation, age, and rice consumption were considered in this 

study. Figure 3 showed the results of statistical analysis of these factors. The results 

indicated that there was no statistically significant difference in Hg concentration in hair 

based on smoking habits. However, there was a significant difference between landfill 

workers and non-landfill workers. This suggests that landfill workers are at high risk of 

Hg exposure due to inhalation of contaminated air, dust, and smoke when they 

transport, bury, and burn garbage using primitive working methods and little or no 

personal protection.  
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Figure 4.3. The concentrations of Hg in hair in relation to the factors, i.e. smoking habit 

(A), landfill’s worker and non-landfill’s worker (B). The same letters represent no 

significant difference (p > 0.05) and the different letters represent a significant 

difference (p < 0.05) by t-test analysis. 

Bac Son                      Nam Son 

Figure 4.4. Relationship between age and Hg concentration in hair 

Due to the strong influence of occupational factors on Hg concentration in hair, 

we performed a data analysis excluding landfill worker to assess the effect of age. Figure 

4 shows the correlation between age and Hg concentration without the influence of 

occupation (only non-landfill worker). There was a difference in trends between Bac Son 
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commune and Nam Son commune. In Bac Son commune, Hg concentration in hair tends 

to decrease in the age group of over 20 to 50 years, then increase in the age group of 50 

to over 60 years. In contrast, in Nam Son commune, Hg concentration in hair follows the 

opposite pattern: it tends to increase in the age group of over 20 to 50 years, then decrease 

in the age group of 50 to over 60 years. Xie et al., 2021 also found a similar distribution 

trend of Hg concentration in hair in Nam Son commune (Xie et al., 2021). This may be 

due to the gradual accumulation and less excretion among the young adults, enhancing 

body burden of Hg with increasing age. However, as for the older people, the Hg intake 

rate was equal or less than the excretion rate, resulting in lower accumulation (Airey, 

1983). Additionally, Hg concentration in hair is influenced by various factors such as 

height, weight, fish intake, type of food consumed and individual excretion systems. 

These factors may explain the opposite trend observed in the distribution of Hg in hair 

in Bac Son commune. 
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4.3.3. Rice consumption frequency 

Based on the questionnaire survey, the source of rice consumed comes from 

paddy fields surrounding the Nam Son landfill. The participating volunteers were 

divided into two different groups to evaluate the impact of rice consumption on Hg 

concentration in hair: low (3 bowls/day) and high (> 3 bowls/day). The results obtained 

showed that the average Hg concentrations in hair for these two groups were 0.63 mg/kg 

and 0.99 mg/kg, respectively (Figure 5). Four out of five participants in the low-

consumption group (3 bowls/day) had hair Hg concentrations below the safety limit (1 

mg/kg). In general, those in the low-consumption group had lower structural Hg levels 

than those in the high-consumption group. However, there was no statistically 

significant difference between the two groups in terms of hair Hg concentrations (p > 

0.05).  

Figure 4.5. The concentrations of Hg in hair in relation to the rice consumption. The 

same letters represent no significant difference (p > 0.05) and the different letters 

represent a significant difference (p < 0.05) by t-test analysis. 

Individuals’ absorption and excretion mechanism differ, making it challenging 
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to determine whether rice consumption affects Hg concentration. Several factors, 

including the nature of occupational activities, exposure pathways, individual behavior, 

biological variability, may also account for differences Hg concentration in hair. 

4.4. Conclusion  

This study investigated the Hg concentration in the human hair in the area 

around the Nam Son landfill. It also evaluated several factors affecting the concentration 

of Hg in hair. The average Hg concentration in hair was lower than the safety limit of 1 

mg/kg recommended by WHO. However, all hair samples from landfill workers 

exceeded the safety standards, demonstrating that the Nam Son landfill is the main 

source of Hg pollution in this area, and landfill workers have high risk of Hg exposure 

during work. Factors such as age, smoking habits and rice consumption were found to 

have no significant association with Hg accumulation in hair as indicated by the data in 

this study. This indicates that rice is not the dominant Hg exposure route. Other food 

sources, such as fish, meats, or other grains need to be considered to determine the most 

significant factor in the food chain influencing hair Hg concentration among residents in 

this area for subsequent studies.  
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Chapter 5: General Conclusions 
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 5.1. Summary 

The study evaluated risks of Hg to humans and the environment using selected 

landfill area around Nam Son landfill, Hanoi, Vietnam. The risks of Hg covered 1. Soil 

in the paddy fields surrounding the Nam Son landfill was contaminated with Hg 

originating from sources within the landfill, 2. Rice cultivated in this area accumulates a 

certain amount of Hg. However, the risk of health effects from daily consumption for 

the residents is not high. Nonetheless, rice products used in livestock production such 

as rice bran used for chicken feed, require more attention due to the high risk of Hg 

accumulation in chickens, and 3. The Hg concentration in the hair of individuals in the 

area around the landfill is relatively high, especially among landfill workers. 

The spatial and seasonal distribution of Hg in soil is influenced by the physical 

factors such as monsoons, precipitation regime. Heavy rainfall in the rainy season 

increases the evaporation of Hg, leading to the amount of Hg in soil in the rainy season 

tending to be lower than in the dry season. SOM has a positive correlation with the 

amount of Hg in both soil layers (p < 0.05).  

For brown rice samples near landfill or highway tend to have higher Hg 

concentrations than sites farther away. This result indicates that activities related to 

traffic and construction sites may play an important role in the dispersion of Hg in the 

study area. HQ was calculated to assess the potential health risk of Hg in this study. HQ 

values of male and female all were less than one, it demonstrated a relatively low risk of 

Hg ingestion cause by rice consumption planted in paddy fields around Nam Son 

landfill.  
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The distribution of Hg concentration in rice plants was observed to be highest in 

the rice roots, followed by rice shoots, rice husks, and rice grains, respectively. 

Additionally, the Hg concentration in rice roots showed a positive correlation with the 

Hg concentration in the soil in this area. Factors such as age, smoking habits and rice 

consumption were found no association with Hg accumulation in hair in this study. This 

indicates that rice is not the dominant Hg exposure route. Other food sources, such as 

fish, meats, or other grains need to be considered to determine the most significant factor 

in the food chain influencing hair Hg concentration among residents in this area for 

subsequent studies.  

5.2. Recommendations 

• Landfills are complex sources of pollution, potentially releasing mercury into the 

surrounding areas. It is necessary to establish and implement effective landfill 

management policies. 

• Sorting, reducing, and recycling waste at the source constitutes the initial crucial 

step, enabling subsequent waste treatment measures to yield optimal results. 

Local authorities should conduct awareness campaigns to educate the public 

about waste classification, specifically, and environmental protection. 

• Currently, in Nam Son landfill, the waste power plant has begun operating, and 

manual waste burning activities continue to take place. Monthly air monitoring 

in the surrounding area is essential for promptly managing and assessing their 

environment impact. 
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• Landfill workers are directly exposed to pollution sources from landfills, placing 

them at a high risk of Hg exposure. Measure to protect landfill workers should 

be implemented, including the use of personal protective equipment during 

work, and regular health check-ups every six months. 
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