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Abstract 

Heavy metal contamination has become a global problem, especially in the developing countries. The objective of this research 

was to analyze the content of mercury heavy metal in river water surrounding gold mines in North Sumatera. The samples of water 

were taken from twelve stations in the vicinity of gold mines in North Sumatera. Determining mercury in the water was done by 

using Atomic Absorption Spectroscopy (AAS). Pollution status was determined through the calculation of Hg ratio in water 

samples. The result of the research on the canal water indicated that Hg heavy metal value concentration was under the acceptable 

threshold according to the Decree of the Minister of Environment No. 115/2003 so that it can be used for its purpose based on SNI 

(6989.78: 2011). It is recommended that the people in North Sumatera who reside by the rivers use water often for their daily needs 

such as taking a bath, washing, fishing, and so on. The risk for health problems for the people who reside by rivers can occur when 

the polluting status of mercury water is affected by amalgamation process units.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The quality of water because industrial waste flows to the water which leads to the increase in metallic content in river water now 

becomes the problem since river water disperses to urban area [10][[22]. The damage of fresh water can be caused by industrial 

waste, mining waste, hospital waste, household waste, and urban waste, or by forming residue which is processed well [1][4].  The 

main environmental problem in many parts of the world is pollution of rivers, lakes, and seas caused by various kinds of chemical 

compound, including heavy metal, hydrophobic organic compound, and pathogenic organism which become a threat for river 

water resources throughout the world [14][21]. 

Side-effect on local environment and water resources occurred when there is mining activity and artisanal mineral exploitation 

so that they can cause dramatic metal contamination on water surface, sediment, soil, and biota [12]. Mining activities in some 

parts of the world which not managed well can potentially bring about threats against environmental damages and human health 

which produce a large number of heaps of corals containing ores and low content tailing [20]. 

Amalgamation is a method which is used for gold extraction from its ores. Amalgam gold is roasted to remove mercury and to 

focus on the gold [6]. Methyl mercury in water and mercury oxide in air is the result of amalgam process in human beings through 

the chainof food such as swallowing mercury which has been contaminated by food, fish, and vegetables through inhalation [3][17]. 

The main risk in environment and human beings is infiltration into ground water and contaminant remobilization from sediment 

to water column; its accumulation in organism or plants which live in water will return to the chain of human food [17].  

These rivers are used for some activities of human beings such as taking a bath, fishing, industrial waste, and urban waste, urban 

farming, and some household waste. The objective of this research was to analyze mercury content in water surrounding the mines 

in North Sumatera, to determine whether it had reached the level of pollution  which became quality standard specified by the 

Decree of the State Minister of Environment No. 115/2003. Besides that, this would help determine situation, and environmental 

strategy which was appropriate to solve the problem was suggested, plus problem solving was recommended.  

Every mining activity should pay attention to and maintain ecosystem because environment is closely related to life continuity 

and human life. The existence of future generation will be influenced by today’s ecosystem so that safeguarding nature is important 

for survival.   
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II. MATERIALS AND METHODS 

 Area of Study and Location of Taking the Samples 

The research was done in one of the areas in North Sumatera. The research samples were water which were collected from 12 

(twelve) locations of study areas (Table 1). 
NO Code Coordinate Depth 

1 ST 1.1 
N 1O28’05.9’’ 

E 99O03’15.6’ 

Surface 

2 ST 1.2 0.6855 m 

3 ST 1.3 1.371 m 

4 ST 2.1 
N 1O28’06.2’’ 

E 99O03’15.3’’ 

Surface 

5 ST 2.2 0.8235 m 

6 ST 2.3 1.647 m 

7 ST 3.1 
N 1O28’05.8’ 

E 99O03’14.1’’ 

Surface 

8 ST 3.2 0.876 m 

9 ST 3.3 1.756 m 

10 ST 4.1 
N 1O29’25.5’ 

E 99O01’31.4’ 

Surface 

11 ST 4.2 0.7355 m 

12 ST 4.3 1.417 m 

 Collecting and Analysis on Samples 

Water samples were collected randomly from 4 locations of taking the samples in 12 area stations in rivers surrounding gold mines 

in North Sumatera. The sites of taking the samples were located in various directions and ranges from the town center. The samples 

in each location of the river flow were put into plastic vessels/jerry cans after they had been washed cleanly and sealed. The samples 

were sent to a laboratory to be analyzed. They were collected and preserved with 0.5 ml thick nitrate acid and stored in refrigerator 

in the temperature of 4oC.  

 Sample Destruction 

The water samples were in normal temperature after they were taken from the refrigerator. They were added with HNO3 (thick), the 

solution was heated until the volume of 20% from the initial volume. The samples were made cold (room temperature) in acid 

cupboard. After that, they were added with acid aquadest with the total volume of 100 mL and made them homogenous. They were 

filtered by using filtered paper which filtrate had been tested before using it. They were then analyzed by using Atomic Absorption 

Spectrophotometer (AAS) in analyzing mercury metal. 

III. RESULT AND DISCUSSION 

Analyzing mercury (Hg) in water is one of the most important and significant challenge against analytic chemistry because water 

is complex and important transportation and the lane of mercury transformation to environment and finally to human beings. 

Mercury occurs naturally; it is a volatile element which has been used by human beings for over 3,500 years [7][19], besides it is 

related to environmental problems because of its venomous nature [2]. 

Mercury can become a threat for environment and human health as well as poisonous concentration for some living organism 

[7][9]. Specifically, mercury is connected with malignant effect or even death in human beings because its absorption can cause 

the change in its chemical structure of DNA and the damage in digestive system, body and nervous immune; the last thing becomes 

the most vulnerable [11][23]. The testing was done by using H2SO4(thick), HNO3(thick), and SnCl2 reactor. The result was as follows: 
Table – 2 

Results of measurements of temperature, pH and levels of mercury (Hg) 

Station 
Parameter 

Value Temperature (oC) pH 

ST 1.1. 0.1168 (μg/L) 29.2 7.26 

ST 1.2. 0.1833 (μg/L) 29.2 7.20 

ST 1.3 0.4706 (μg/L) 29.4 7.38 

ST 2.1. 0.3339 (μg/L) 30.1 7.39 

ST 2.2. 0.3803 (μg/L) 30.6 7.57 

ST 2.3 1.0482 (μg/L) 30.4 7.47 

ST 3.1. 0.1231 (μg/L) 30.3 7.47 

ST 3.2. 0.4405 (μg/L) 30.0 7.30 

ST 3.3 0.4432 (μg/L) 30.1 7.22 

ST 4.1. 0.1259 (μg/L) 29.1 6.61 

ST 4.2. 0.1505 (μg/L) 29.4 6.68 

ST 4.3 0.3475 (μg/L) 29.3 6.44 
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 Determining Mercury (Hg) Standard Curve  

The result of the analysis, using Atomic Absorption Spectroscopy (AAS) showed that there was the absorption of maximum wave 

length (λ max), Mercury Wave Length (Hg) of 253.7 nm. Mercury Standard Curve (Hg) was obtained from the measurement of 

Mercury (Hg) standard solution absorption toward Mercury (Hg) standard solution concentration; then, the standard curve linearity 

was calculated by using Least Square data method. 

 
Fig. 1: Results of Measurement of Mercury Standard Curves. 

 

The result of the calculation, using standard curve, showed that the linear regression equity was Y = 0.03655 X + 0.00125, with 

correlation coefficient (r) = 0.9998. This correlation coefficient could be accepted since it had fulfilled the specified requirement 

of 0.9500. From this result, it could be concluded that there was positive correlation between content and absorption; in other 

words, the increase in concentration would increase the absorption. 

 Acid or pH Standard 

The result of measuring acid standard of river water in the surrounding gold mines in North Sumatera showed that the pH value of 

the waters tended to be stable, it was about 6.44 – 7.57 values. Based on this range of values, it could be concluded that the 

condition of river water surrounding gold mines in North Sumatera was in good category according to the quality standard. The 

Decree of the Minister of State of Environment No. 4/2007, it should be around pH 6 – 9 SNI 06-6989.11-2004 [16]. 

 
Fig. 2: Histogram The pH value of each sample station. 

 

The pH value of the waters was closely related to the nature of heavy metal solution. In the pH of the sea, heavy metal is difficult 

to break down; it is in the form of particles or suspended solid. It also influences toxicity of chemical compound. In general, the 

toxicity of heavy metal will increase in low pH while in high pH, it will undergo sedimentation [18]. 
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 Temperature 

Temperature is one of the physical factors which is very important in waters area. The change in the temperature of the waters will 

influence the process of physics, waters chemistry, and waters biota. The increase in temperature can bring about the increase in 

metabolism acceleration and water biota respiration which will eventually increase oxygen consumption.  

 
Fig. 3: Histogram of the temperature value of the sample 

 

The increase in temperature will not only increase biota metabolism of the waters but will also increase the toxicity of heavy metal 

in that waters. Based on the measurement of water temperature during the observation, it was found that the temperature of the 

rivers surrounding gold mines in North Sumatera was around 29.1oC – 30.6oC while based on the quality standard of Kepmen LH 

No. 51/2004 for sea biota [13]. It could be concluded that the range of the temperature of the river water surface in the surrounding 

gold mines in North Sumatera during the observation was in normal category and could be tolerated by the biota of the waters.   

 Content of Mercury Heavy Metal 

Heavy metal was detected in the water samples in the various concentrations on the rivers in the surrounding gold mines in North 

Sumatera. Table 1 indicated the concentration of the average traced metal in the water samples. The concentration of pollutant was 

measured in the Hg concentration in μg / L. In Figure 4, it could be seen that the concentration of average traced metal showed 

varied trends in different stations. The following was the result of the analysis on the content of mercury (Hg) heavy metal which 

was done in 12 stations of taking river water samples in the vicinity of gold mines in North Sumatera presented in Figure 4. 

 
Fig. 4: Histogram values of metal mercury (Hg) concentrations in water in rivers around gold mining in North Sumatra 

 

ST 1.1. ST 1.2. ST 1.3 ST 2.1. ST 2.2. ST 2.3 ST 3.1. ST 3.2. ST 3.3 ST 4.1. ST 4.2.

29.4

29.1

30.1

30.0

30.3
30.4

30.6

30.1

29.4

29.2

 

 

T
em

p
er

a
tu

re
 (

o
C

) 

Sample Code

 Histogram of the Value of Temperature

29.2

ST 1.1. ST 1.2. ST 1.3 ST 2.1. ST 2.2. ST 2.3 ST 3.1. ST 3.2. ST 3.3 ST 4.1. ST 4.2. ST 4.3

0.3475

0.1505

0.1259

0.44320.4405

0.1231

1.0482

0.3803

0.3339

0.1833

0.4706

 

 

C
o
n

ce
n

tr
a
ti

o
n

 o
f 

H
g
 (

µ
g
/L

)

Sample Code

 Histogram of Concentration of Hg

0.1168



An Analysis on Mercury (Hg) Metal Elements in River Water Surrounding Gold Mines in North Sumatra  
(IJSTE/ Volume 6 / Issue 1 / 011) 

 

 All rights reserved by www.ijste.org 
 

55 

The study was intentionally conducted to value the weight of metal contamination in the river water in the vicinity of the gold 

mines in North Sumatera.  Since water pollution is dangerous for the water itself and for human health, the need for the value of 

water quality becomes very important concerning human beings and environment. Therefore, the 12 water samples were gathered 

from some locations. The water samples were the target of the analysis on heavy metal and also intended for the chemical 

parameter, including pH and temperature. When they were gathered and analyzed for heavy metal (Hg), it was found that the 

concentration of heavy metal (Hg) which had little value was allowed by the Decree of the Minister of State of Environment. It 

was concluded in this study that the heavy metal content in water was not dangerous to be consumed by human beings. 

The analysis on the chemical parameter of the water showed that water pH was in normal category which was in accordance with 

the Decree of the Minister of State of Environment. The reason why its value was a little was that urban industrial waste was 

directly thrown away to the rivers. This is in accordance with a study [8] which states that the value level of heavy metal increases 

in the river because drainages of industrial waste and pollution are varied which will worsen the quality of water so that it is not 

suitable for the life of human beings and the water itself.  

IV. CONCLUSION 

The elements of water concentration samples were analyzed to value heavy metal content. The result of the study showed that 

there was the concentration of the average heavy metal, either in the water or surrounding the gold mines in North Sumatera. The 

data revealed that in ST 2.3 which had the value of 1.0482 μg/L (ppb) was higher than all of the data, but it did not exceed the 

threshold specified by the Government (0.02 ppm). This reality will increase discussion and understanding on the effect of industry 

and the activity of removing urban waste in the environment and its implication for the people’s health. Even though the 

concentration was little, the condition of the river water surrounding the gold mines in North Sumatera should be safeguarded. 

It is recommended that the other heavy metal contents in the rivers in the vicinity of gold mines in North Sumatera be analyzed 

and also the other heavy metal contents which are close to the gold mines. 
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