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INTRODUCTION

Access to safe and clean drinking water is a fundamental necessity 
for safeguarding public health1. Contamination of water sources 
by heavy metals poses a significant threat due to their well-
established toxicity and potential adverse health effects. Exposure 
to these metals may lead to adverse health effects such as cancer, 
hypertension, lung disease, gastrointestinal bleeding, renal disease 
and reproductive effects2-4. With the evident carcinogenic effects 
and toxic nature of heavy metals, combined with their persistent 
bioavailability in water, regulatory bodies such as World Health 
Organization (WHO) and United States Environment Protection 
Agency (USEPA) have proposed the Maximum Permissible 
Limits (MPL) in drinking water5,6. Additionally, Bhutan has 
established its own drinking water quality standard, the Bhutan 
Drinking Water Quality Standard (BDWQS) in 2016, outlining 
the recommended maximum permissible limits for specific heavy 
metals in drinking water7. 
 Globally, there are millions of people with chronic 
heavy metal poisoning out of which 1.6 million children alone 
die each year from diseases attributed to contaminated drinking 

water making it a public health concern8. The presence of 
heavy metals in water sources can be attributed to both natural 
occurrences, such as eroded minerals form rocks, leaching of 
ore deposits, and volcanic activities, as well as anthropogenic 
activities like improper solid waste disposal and industrial or 
domestic effluents9. While Bhutan is renowned for its pristine 
environment and clean water resources, the escalating population 
and increased human activities in various regions have raised 
concerns about the quality of drinking water, particularly in areas 
undergoing rapid urban development and growth. Furthermore, 
in Bhutan, the existing studies that assess water quality and 
pollution sources, arising from both natural processes and human 
activities, are currently limited.
 Thimphu, the capital of Bhutan, is home to the country’s 
largest population, with around 138,736 residents, constituting 
19.1% of the nation’s total population10. National projections 
indicate that by 2047, Thimphu is expected to accommodate 
nearly 30% of Bhutan’s entire population11. With increasing 
developmental activities, the city’s water sources confront the 
constant risk of contamination, posing a significant public health 
threat.  Given that the primary drinking water sources in Thimphu 
mainly consist of streams and rivers, continuous monitoring of 
these sources, along with comprehensive assessments of heavy 
metals, is crucial to ensure the quality of drinking water and 
sustainable resource management.
 This article discusses a comprehensive investigation 
focusing on the presence and concentrations of ten critical 
heavy metals, namely Aluminum (Al), Boron (B), Barium (Ba), 
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ABSTRACT
Introduction: The well-being of public health is associated with the availability of safe and clean drinking water. Heavy metals, 
known for their toxicity and potential health risks, are a particular focus of water quality assessments. This study investigates the 
heavy metal concentrations in five primary drinking water sources of Thimphu city: Motithang, Jungshina, Taba, Dechencholing 
and Chamgang. Methods: The ten heavy metals, known for their toxicity (Aluminum (Al), Boron (B), Barium (Ba), Cadmium 
(Cd), Chromium (Cr), Copper (Cu), Manganese (Mn), Nickel (Ni), Lead (Pb), and Zinc (Zn)), were assessed using inductively 
coupled plasma optical emission spectroscopy (ICP-OES) for precise analysis. The study employed the Heavy Metal Pollution 
Index (HPI) and the Heavy Metal Evaluation Index (HEI) to evaluate water quality. Results: The test results revealed low heavy 
metals concentration in the water sources. The HPI and HEI values were also calculated to be low (<15 and <1.24 respectively). 
Conclusions: The study provides valuable insights into Thimphu’s drinking water quality, indicating a positive status with low 
heavy metal concentrations. 
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Cadmium (Cd), Chromium (Cr), Copper (Cu), Manganese (Mn), 
Nickel (Ni), Lead (Pb), and Zinc (Zn), in the drinking water 
sources of Thimphu. The primary objective of this study is to 
evaluate the drinking water for level of concentration of heavy 
metals, specifically addressing heavy metal contamination in 
Thimphu. To achieve this, water samples from five primary 
sources were analyzed using inductively coupled plasma optical 
emission spectroscopy (ICP-OES). Further, to assess the extent 
of heavy metal pollution in drinking water sources, the heavy 
metal pollution index (HPI) and heavy metal evaluation index 
(HEI) are used12,13. These indices provide a comprehensive 
understanding of the overall water quality based on multiple 
parameters14. Consequently, this research aims to provide 
valuable insights for environmental managers, policymakers, and 
decision-makers, facilitating strategic interventions to ensure the 
provision of safe drinking water for Thimphu’s residents. It also 
emphasizes the broader significance of water quality monitoring 
in similar regions around the world.

METHODS

Study Area
Thimphu city, nestled in western Bhutan, is demarcated by 
its geographical coordinates of latitude 27° 28’ 22.0512’’ N 
and Longitude 89° 38’ 21.4296’’ E. Situated at an altitude of 
approximately 2,320 meters above sea level, the city occupies 
an area of approximately 1,840 square kilometers. The city 
is surrounded by picturesque mountains and valleys, and its 
proximity to the Wang Chuu River enhances its geographic 
beauty.
 The Wang Chuu River system plays a vital role in 
Thimphu’s landscape, providing not only a source of drinking 
water but also contributing to the city’s aesthetic charm. Alongside 
the Wang Chuu River, numerous smaller streams converge, 
contributing to the primary water source for drinking purposes. 
Figure 1 shows the location of the various water sampling points 
in Thimphu.  
Water Sample Collection

Water samples were systematically obtained from the raw water 
intake points (in March 2023) of the drinking water treatment plants 
(WTP) situated at Motithang, Jungshina, Taba, Dechencholing, 
and Chamgang. For sample collection, 250 ml high-density 
polyethylene (HDPE) containers, properly cleaned (with double 
distilled water, detergent and 5% nitric acid) and equipped with 
leakproof caps, were employed following sampling protocol 
recommended for heavy metal analysis in Standard Methods 
for the Examination of Water and Wastewater15. Each container 
was appropriately labeled, and to preserve sample integrity, the 
collected samples were promptly acidified in the field using 5% 
Nitric Acid, ensuring a pH level below 2.
 Subsequently, the acidified samples were transported 
to the National Water Reference Laboratory, Royal Centre for 
Disease Control. Upon arrival, the samples were refrigerated 
and the analyses being conducted the following day to ensure the 
accuracy and timeliness of results.

Water Sample Testing
The Agilent ICP-OES 5110 was used to analyze the samples. 
A 1000 ppm of multielement calibration standard (Certipur® 
ICP multi-element standard solution IV) was serially diluted 
to prepare standard calibration solution as 0.1ppm, 0.5ppm 
and 1.0ppm in 5% nitric acid matrix. A calibration graph was 
prepared and the samples were tested sequentially in triplicates. 

Water Pollution Indices
Heavy Metal Pollution Index
In this study, we employed the Heavy Metal Pollution Index 
(HPI) as proposed by Mohan et al12 to assess water quality by 
considering the presence and significance of heavy metals in 
water samples. This index has been widely utilized in previous 
researches to measure the severity of heavy metal pollution in 
drinking waters13,16,17.
 The HPI is a tool which consolidates all the heavy metal 
test readings of the drinking water into a single derived numerical 
value that reflects the impact of the presence of relevant heavy 
metals on water quality12.

In this context, Qi represents the subindex of the i-parameter, Wi 
denotes the weight assigned to the i-parameter, and n signifies the 
total number of parameters included in the test. The value of Wi 
for each parameter is inversely proportional to the recommended 
standard for that specific parameter. The calculation of the 
subindex for the ith parameter is determined as follows:

Mi, Si, and li represent the monitored, standard, and ideal values 
of the i-parameter for the investigated heavy metals, respectively.
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Heavy Metal Evaluation Index
The Heavy Metal Evaluation Index (HEI) is another pollution 
index associated with heavy metals. It is typically utilized 
to provide a comprehensive assessment of potential water 
contamination resulting from heavy metal presence. HEI is 
computed using the following equation13.

Here, Hc represents the observed concentration of each 
i-parameter, while Hmac signifies the maximum permissible 
level concentration.

Methods Assessment
Before starting the study, it was crucial to assess the methodology’s 
performance, which involved evaluating criteria such as quality 
control with samples of different concentrations. The accuracy 
and reproducibility of element measurements via ICP-OES were 
ensured by analyzing samples in triplicate and constructing 
calibration curves using a 1000 ppm standard reference material.

RESULTS

The levels of heavy metals in Thimphu’s five primary drinking 
water sources are detailed in Table 1. This study examined ten 

heavy metals, including Aluminum (Al), Boron (B), Barium 
(Ba), Cadmium (Cd), Chromium (Cr), Copper (Cu), Manganese 
(Mn), Nickel (Ni), Lead (Pb), and Zinc (Zn). From the results 
obtained, B was not detected in any of the samples, Cu was not 
detected in Motithang and Taba, Ni was not deteted in Jungshina 
and Taba, Pb was not detected in Taba and Zn was not detected in 
Taba and Dechenchholing.
 The descriptive statistics, the maximum permissible 
limit (MPL), limit of detection (LOD) and the wavelengths used 
for investigating the heavy metal parameters, are summarized in 
Table 2.  The heavy metal concentration of the drinking water in 
Thimphu are all below the recommended MPL set  by the WHO 
and BDWQS5,7. 
 The Correlation Matrix (CM) analysis was performed 
to figure out the relationship of the heavy metals detected in 
the water samples. A CM value closer to 1 indicates a perfect 
linear relationship between the heavy metals. Table 3 illustrates 
a correlation between the heavy metals in the water samples. A 
strong positive correlation of Al (>0.7) is observed with Ba, Mn 
and Zn. Simiarly, Ba also exhibits a strong positive correlation 
with Al, Mn, Pb and Zn (>0.7). 
 The water pollution indices HPI and HEI in this study 
is calculated using the WHO guideline values for drinking 
water quality. The mean values of the heavy metals were used 
to calculate the water pollution indices. Table 4 illustrates the 

Table 1. Heavy metal concentration in the major drinking water sources in Thimphu

Source Name
Concentration (mg/l)

Al B Ba Cd Cr Cu Mn Ni Pb Zn
Motithang 0.0054 nd* 0.0029 0.0004 0.0004 nd* 0.0004 0.0009 0.0043 0.0037
Jungshina 0.0519 nd* 0.0025 0.0002 0.0003 0.0010 0.0004 nd* 0.0019 0.0007
Taba 0.0223 nd* 0.0013 0.0003 0.0003 nd* 0.0003 nd* nd* nd*

Dechenchholing 0.0130 nd* 0.0013 0.0003 0.0004 0.0014 0.0001 0.0008 0.0018 nd*

Chamgang 0.0956 nd* 0.0040 0.0003 0.0003 0.0007 0.0007 0.0010 0.0045 0.0113
*Not detected

Table 2. Descriptive findings of individual heavy metals

Parameter Number
Mean Median Minimum Maximum Std. Dev.* MPL† Wavelength LOD‡

mg/l mg/l mg/l mg/l mg/l mg/l λ 
Al 5 0.0376 0.0223 0.0054 0.0956 0.0369 0.9 369.152 0.0051
B 5 0.0000 0.0000 0.0000 0.0000 0.0000 2.4 294.772 0.0008
Ba 5 0.0024 0.0025 0.0013 0.0040 0.0012 1.3 455.403 0.0006
Cd 5 0.0003 0.0003 0.0002 0.0004 0.0001 0.003 214.439 0.0002
Cr 5 0.0003 0.0003 0.0003 0.0004 0.0001 0.05 267.716 0.0003
Cu 5 0.0006 0.0007 0.0000 0.0014 0.0006 2 327.395 0.0005
Mn 5 0.0004 0.0004 0.0001 0.0007 0.0002 0.4 257.610 0.0001
Ni 5 0.0005 0.0008 0.0000 0.0010 0.0005 0.07 231.604 0.0022
Pb 5 0.0025 0.0019 0.0000 0.0045 0.0019 0.01 220.353 0.0021
Zn 5 0.0031 0.0007 0 0.0113 0.0048 5 213.857 0.0022

*Standard deviation; †Maximum permissible limits; ‡Limit of detection
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HPI and HEI values of the water sources. The HPI value of 100 
is considered as a critical pollution concentration with respect to 
heavy metals. HPI results were classified as low (<15), medium 
(15–30), or high (>30) pollution. As shown in Table 4, all water 
sources had HPI value of <15, the sources are classified as low 
pollution by heavy metals. The lowest HPI calculated is the water 
sample from Taba, indicating a very low heavy metal pollution.

The classification of overall drinking water quality as per HEI is 
low (<1.24), medium (1.24–2.48) and high (>2.48) polluted (11). 
As shown in Table 4, HEI values of all sources are low (<1.24) 
indicating low pollution by heavy metals.

DISCUSSION

The study analyzed ten heavy metals in Thimphu’s drinking water 
sources and found all concentrations to be below MPL set by 
the BDWQS and WHO, indicating compliance with national and 
international drinking water quality standards5,7. Similar studies 
conducted in Nepal, Bangladesh and Pakistan all exceeded the 
MPL18-20. The contamination with heavy metals may be attributed 
to poor waste management, open sludge discharge, lack of 
municipality measures, electronic waste, pesticide application 
and mining activities21,22. These anthropogenic activities are very 
small to none in Thimphu.

Table 3. Correlation between heavy metals in analyzed water samples
Al B Ba Cd Cr Cu Mn Ni Pb Zn

Al 1.000
B 0.000 1.000
Ba 0.730 0.000 1.000
Cd -0.565 0.000 0.038 1.000
Cr -0.818 0.000 -0.539 0.508 1.000
Cu 0.192 0.000 -0.155 -0.756 0.100 1.000
Mn 0.803 0.000 0.942 -0.050 -0.765 -0.290 1.000
Ni 0.126 0.000 0.491 0.357 0.398 0.100 0.204 1.000
Pb 0.376 0.000 0.859 0.305 -0.039 -0.060 0.645 0.811 1.000
Zn 0.766 0.000 0.905 0.037 -0.426 -0.131 0.835 0.644 0.792 1.000

Table 4. Values of pollution indices
Source Name HPI* HEI†

Motithang 8.9715 0.5935
Jungshina 4.3188 0.3230
Taba 3.5367 0.1324
Dechenchholing 4.8031 0.2991
Chamgang 7.4876 0.6661
*Heavy metal pollution index; †Heavy metal evaluation index

The Correlation Matrix analysis revealed significant correlations 
between heavy metals in the water samples, suggesting common 
sources or geochemical associations23. For instance, Aluminum 
showed strong positive correlations with Barium, Manganese, 
and Zinc, while Barium exhibited strong positive correlations 
with Aluminum, Manganese, Lead, and Zinc. These findings 
have implications for future investigations. 
 The study computed HPI and HEI indices to evaluate 
the overall quality of drinking water sources in Thimphu. All 
sources showed low pollution levels with HPI and HEI values 
classified as low, while similar studies in India revealed higher 
HPI and HEI values, indicating potential contamination in their 
water sources24,25.
 These findings offer reassurance, indicating that the 
drinking water from the primary sources in Thimphu complies 
with the WHO guidelines for heavy metal pollution. However, 
more in-depth analysis with statistical methods like Ward’s 
hierarchical cluster analysis as well as principal component 
analysis should be conducted to elucidate the strengths and 
weakness of the findings in future26.

LIMITATIONS

One of the primary challenges in assessing heavy metal 
concentrations in water sources is the dynamic nature of 
environmental factors. Seasonal changes, characterized by 
alternating dry and wet periods, play a pivotal role in altering the 
composition of water bodies27. During the wet season, increased 
precipitation and runoff can dilute the concentration of heavy 
metals in water sources, potentially leading to underestimations 
of pollution levels. Conversely, in the dry season, reduced water 
flow and increased evaporation can concentrate heavy metals, 
resulting in potentially misleading higher readings28-30. Streams 
with low discharge are particularly susceptible to the influence 
of seasonal variations. These water bodies are more vulnerable 
to the accumulation of heavy metals due to reduced dilution 
capacity during dry periods31. Consequently, in this study a 
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sample collection during a low-flow period in the month of 
March, 2023 may not accurately represent the typical heavy 
metal concentrations in the water source.

CONCLUSIONS

In conclusion, the study demonstrates that the levels of heavy 
metals in Thimphu’s primary drinking water sources are 
generally within acceptable limits, as per WHO standards. 
The low pollution indices (HPI and HEI) further support the 
conclusion that these sources have low heavy metal pollution. 
However, the positive correlations observed between certain 
heavy metals should prompt further investigation to identify 
potential sources and address any long-term concerns related to 
water quality. Considering the limitations mentioned, a single-
sample approach, while valuable for initial assessments, may 
not provide a comprehensive understanding of the long-term 
quality and potential risks associated with the water sources. 
Therefore, regular monitoring and continued research in this area 
are essential to ensure the safety and sustainability of Thimphu’s 
drinking water supply.
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