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Abstract

The concentrations of heavy metals such as Cd, Cr, Cu, Mn, Ni, Pb and Zn were investigated in surface water
from Moon and Shi rivers, Northeastern of Thailand. Heavy metal concentrations were analyzed by using atomic
absorption spectrophotometer and compared with permissible limits set by World Health Organization. The
concentrations of Cd (0.022-0.030 mg L") were higher than their respective permissible limits (0.003 mg L™) in all
samples, while Ni, Pb, Cu, Cr, Mn and Zn concentrations were observed within their respective limits. Mean
concentrations of heavy metals in surface water samples were found in the order of Zn (0.178-0.286 mg/L) > Mn
(0.035-0.199 mg L™ > Ni (0.033-0.072 mg L™*) > Cd (0.024-0.030 mg L") > Cu (0.013-0.027 mg L™*) > Cr (BDL-0.020
mg L") > Pb (BDL), in the six locations of Moon river and Mn (0.117-0.409 mg L") > Zn (0.185-0.196 mg L™) > Ni
(0.028-0.112 mg L™) > Cr (0.010-0.047 mg L™%) > Cd (0.022-0.027 mg L") > Cu (0.013-0.023 mg L") > Pb (BDL), in
the four locations of Shi river. The geologic and anthropogenic activities were the possible sources of water
contamination with heavy metals in the study area.
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1. Introduction

Surface water is considered as a substance in the environment, and its contamination with heavy metals such
as cadmium (Cd), chromium (Cr), copper (Cu), manganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn) is a worldwide
environmental problem [1, 2]. Generally, heavy metals are released from different natural (such as weathering,
erosion of bed rocks, deposits and volcanic activities) and anthropogenic (such as mining, smelting, industrial influx
and agricultural activities) sources [3, 4]. They can contaminate the surface (river) and ground (spring, dug well and
tube well) water that is used for domestic, agricultural and industrial purposes [5-7]. In the addition, they are

contaminated in sediment and microalgae [8]. Surface and ground water contamination is a worldwide health
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concern, which is becoming increasingly important with the unprecedented population growth, urbanization and
industrialization.

pH is one of the most important indicators of water quality and level of pollution in the aquatic ecosystem and
it has no direct effects on human health. pH affects the water quality parameters such as ionic solubility and
pathogens survival, which will impact the human health eventually. In addition, high range pH confers bitter taste
to water [2, 9]. Heavy metal enrichment also adversely affects the drinking and irrigation quality of water. Surface
water containing certain amount of heavy metals may cause health problems in human and animals. Some heavy
metals like Cu, Mn and Zn are required for normal body growth and function. High concentrations of Cd, Cr, Ni and
Pb are considered highly toxic in human and aquatic organisms. Their accumulation in the body can cause serious
diseases. The effects of heavy metals include toxic, neurotoxic, carcinogenic, mutagenic and teratogenic effects
depending upon the heavy metal species [10, 11]. Human exposures to heavy metals are of great concern due to
their non-biodegradable nature. It is recognized that malnourishment and diseases such as abdominal pain,
anorexia, cardiovascular diseases, immune dysfunction, hypertension, liver and kidney related disorders, as well as
various kinds of cancers could be caused not only by nutrient deficiency, but also by excessive intake of heavy
metals in contaminated food and drinking water [1, 7]. In the additions, A. Wongklom have determined the
organochlorine pesticides [12, 13] and heavy metals contaminations (Ni, Zn, Cr, Cd, Pb, Mn, Cu) in surface water
and sediment from Shi and Moon rivers revealed that the pesticides contents were observed within the respective
permissible limits but the metals contaminated were higher than their respective permissible limits set by WHO [9,
14]. Therefore, it is important to assess the concentrations of heavy metals in surface water, and their possible
sources of contamination. The present study is designed to investigate the concentrations of heavy metals in surface
water from Moon and Shi rivers, possible sources of contamination, and their respective potential health risks,

Northeastern of Thailand.

2. Materials and Methods
Study area and sampling

Moon and Shi rivers are among the polluted rivers in Thailand because they receive large amounts of industrial
wastewater and sewages, which located in a traditional agricultural production area in Northeastern Thailand. The
river has long historically contaminated with heavy metals, other volatile and semivolatile organic compound. Ten
sampling sites were selected to understand the distribution of difference heavy metal concentrations in surface
water from Moon and Shi rivers. The sampling sites are including MW1: Amphoe Thatum, Surin province; MW2:
Amphoe Rasrisalai, Srisaket province; MW3: Amphoe Yangchumnoi, Srisaket province; MW4: Amphoe Warinchamrab,
Ubonratchathani  province; MW5: Amphoe Thalsum, Ubonratchathani  province; MW6: Amphoe Khongchaim,
Ubonratchathani province; SW1: Muang Kalasin, Kalasin province; SW2 Amphoe Selaphum, Roi Et province; SW3
Amphoe Mahachanachai, Yasothorn province; SW4 Amphoe Khuangnai, Ubonratchathani province (Fig. 1). A total
of 10 surface water samples from rivers were collected between March and September, 2014. All of sampling sites

were near community, agriculture, fishery and domestic wastewater areas. The one meter of the surface water was
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sampled with far from river shore about 5-8 m by using a teflon water sampler. The water samples were collected
with clean polyethylene plastic bottles from the selected sampling locations. Before water sampling, the bottles
were washed with double deionized water containing 20% HNO,. Each water sample was filtered and a few drops
of 5% HNO; were added to prevent further microbial growth. All water samples were placed on ice and transported

to Ubon Ratchathani Rajabhat University and stored at 4 °C for further laboratory analysis.

Fig. 1 The sampling sites of Moon and Shi rivers
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Chemicals and Instrument

Analytical grade chemicals with 99.9% purity (Merck, Germany) were used for sample preparation and analysis.
Double distilled water was used throughout the analysis. Standard solutions of all seven elements were prepared
by diluting 1000 mg L™ certified standard solutions of corresponding metal ions. The concentrations of selected
heavy metals (Cd, Cr, Cu, Mn, Ni, Pb and Zn) in water samples were analysed using flame atomic absorption
spectrophotometer (FAAS AAS-700 Perkin Elmer, USA) under standard operating conditions. Atomic absorption
spectrophotometry was carried out on a Perkin Elmer model with hollow cathode lamp (HCL). Hollow cathode
lamp was used for non-volatile toxic heavy metals analysis under optimum operating conditions with an air-
acetylene flame. The concentration of each parameter was read directly at their specific wavelength, Ni (232.0 nm),
Cu (324.8 nm), Zn (213.9 nm), Pb (283.3 nm), Cd (228.8 nm), Mn (279.5 nm) and Cr (357.9 nm). The instrument was

controlled by a personal computer using Winlab software.

Sample digestion procedures and analysis

The collected samples were filtered with filter paper (Whatman no.1). To ensure the removal of organic
impurities from the samples and thus prevent interference in analysis, the samples were digested with concentrated
nitric acid and hydrochloric acid (EPA method 3005A). The 2 mL of nitric acid and 5 mL of hydrochloric acid were
added to 100 mL of surface water in a 250 mL beaker. The mixture was evaporated to half its volume on a hot
plate at 90-95 °C after which it was allowed to cool, then filtered with a paper filter (Whatman no.1) and adjust
volume at 100 mL with deionized distillation water. Concentrations of heavy metals in water samples were
determined with a flame-atomic absorption spectrophotometer (FAAS) with a specific lamp for particular metal. In
order to validate the method for accuracy and precision, spiked waters were analyzed for each elements. Excellent
recoveries for all metals were obtained compared to the spiked samples. The recoveries were between 85 and
98% for all elements with relative standard deviation as lower than 10%. The detection limit is defined as the
concentration corresponding to 3 times the standard deviation of 10 blanks. The detection limits for the methods
were found to be (ug L™), Cr: 8.7, Cd: 0.85, Cu: 3.6, Mn: 2.3, Pb: 9.8, Ni: 7.5 and Zn: 2.5. The digested water samples
were analysis done by using FAAS at Science Center, Faculty of Science, Ubon Ratchathani Rajabhat University.
Appropriate drift blank was taken before the analysis of samples. The digested samples were analyzed in triplicates
with the average concentration of metals being displayed in mg L™ by the instruments after extrapolation from the

standard curve.

3. Results and Discussion

Selected parameters in surface water samples collected from Moon river in the six sampling locations (MW1,
MW2, MW3, MW4, MW5, MW6) and Shi river in four sampling locations (SW1, SW2, SW3, SW4) are summarized in
Table 1 and Table 2. The pH of the water is significant water quality parameters in the aquatic system and a high
range pH confers a bitter taste to the surface water. However, according to the World Health Organization [9], the

pH value in aquatic system has no direct significance in assessing health risks. In this study, the mean pH values of
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surface waters in the six locations of Moon river were in the decreasing order of MW1 (6.44) > MW2, MW4 (6.43) >

MW3 (6.42) > MW5 (6.25) > MW6 (6.16) and the four locations of Shi river were in the decreasing order of SW2

(6.60) > SW1 (6.50) > SW3 (6.41) > SW4 (6.37).
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The lowest pH value (5.82) was recorded in the surface water of SW4, while the highest pH value (7.01) in the

surface water of SW2. The results indicate that the pH values of both locations of surface water samples varied
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from slightly acidic to neutral. The samples of some locations were within the permissible limit as shown in Table

1 and Table 2.
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Heavy metal concentrations in surface water samples were found in the order of Zn (0.178-0.286 mg L™) > Mn
(0.035-0.199 mg L™ > Ni (0.033-0.072 mg L™*) > Cd (0.024-0.030 mg L") > Cu (0.013-0.027 mg L™*) > Cr (BDL-0.020
mg L") > Pb (BDL), in the six locations of Moon river and Mn (0.117-0.409 mg L™") > Zn (0.185-0.196 mg L™!) > Ni
(0.028-0.112 mg L™) > Cr (0.010-0.047 mg L™%) > Cd (0.022-0.027 mg L") > Cu (0.013-0.023 mg L") > Pb (BDL), in
the four locations of Shi river. The results found that Cr, Cu, Mn, Pb, Zn, and Ni concentrations in all surface water
samples were found within their respective permissible limits set by WHO [9] except Cd concentrations (Table 1

and Table 2). Cadmium is relatively poorly absorbed into the body but once absorbed, it is excreted slowly. Bio-
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accumulation of cadmium is a serious issue as it has long biological half life in humans. High levels of cadmium in
the biological system lead to impairment of brain and intellect development in children. Long term exposure also
affects kidney, reproductive and nervous systems [11].

From the results obtained, the minimum concentration of Cd detected in the surface water was 0.022+0.014
mg L™ (SW4) with maximum concentration being 0.030+0.016 mg L™ (MW1). The Cd concentrations were higher
than their respective permissible limits in all samples which the Cd concentration exceeded the permissible limit
in 75% of the water samples. These results are of concern as Cadmium has been recognized for along period as a
cumulative general metabolic poison. This higsh concentration of Cd in surface water could be attributed to the
direct contact between water and mafic and ultramafic rocks, as well as agricultural and industrial contaminations
(3, 4].

In the body, chromium(VI) is reduced by several mechanisms to chromium(lll) already in the blood before it
enters the cells. The chromium(lll) is excreted from the body, whereas the chromate ion is transferred into the cell
by a transport mechanism, one by which sulfate and phosphate ions also enter the cell. The acute toxicity of
chromium(V1) is due to its strong oxidative properties. After it reaches the bloodstream, it damages blood cells by
oxidation reactions. Hemolysis, and subsequently kidney and liver failure, are the results of this damage. From the
results obtained, the minimum concentration of Cr detected in the surface water was below detection limit with
maximum concentration being 0.047+0.014 mg L™ (MW1). The Cr concentrations were within their respective
permissible limits in all samples. This Cr concentration in surface water could be attributed to the presence of
mafic and ultramafic rocks in the area, agricultural activities and weak corrosive plumbing systems [6].

The toxicity of Cu is associated with continuous low level exposure this can eventually lead to series health
effects. As several epidemiological studies have provide evidence with respect to a possible link between Cu in
surface water [7]. From the results obtained, the minimum concentration of Cu detected in the surface water was
0.013+0.002 mg L™' (MW4, SW4) with maximum concentration being 0.027+0.002 mg L~ (MW2). The Cu
concentrations were within their respective permissible limits in all surface waters.

Manganese is an essential nutrient that is important for normal processes in the body, though adverse health
effects have been noted at higher doses. Excessive Mn exposure, predominantly reported in adults exposed
occupationally via inhalation, has been associated with adverse central nervous system effects includes muscle
stiffness, lack of coordination, tremors, difficulties with breathing or swallowing, and other neuromuscular problems.
From the results obtained, the minimum concentration of Mn detected in the surface water was 0.035+0.029
mg L™ (MW6) with maximum concentration being 0.409+0.580 mg L™ (SW4). The Mn concentrations were higher
than their respective permissible limits which the Mn concentration exceeded the permissible limit in 7.5% of the
water samples.

Ni is one of many carcinogenic metals known to be an environmental and occupational pollutant. The chronic
exposure has been connected with increased risk of lung cancer, cardiovascular disease, neurological deficits,
developmental deficits in childhood, and high blood pressure. Nickel exposure introduces free radicals which lead

to oxidative damage and may also affect the kidneys and liver. From the results obtained, the minimum
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concentration of Ni detected in the surface water was 0.028+0.007 mg L™ (SW2) with maximum concentration

being 0.112+0.054 mg L™ * (SW3). The Ni concentrations were higher than their respective permissible limits which
the Ni concentration exceeded the permissible limit in 7.5% of the water samples. This high Ni concentration could
be attributed to the erosion of mafic and ultramafic rocks, downstream mining and industrial activities in the area
[3-5].

Pb is the most recognized toxic environmental pollutant. It reacts or complexes with many biomolecules and
adversely affects the human biology. Lead present in food and water account for approximately 70% of the total
lead intake in humans. It can cross the placental barrier with potential toxic effects on the fetus. Infants and young
children are more vulnerable than adults to the toxic effects of lead [11]. From the results obtained, the mean Pb
concentrations in all surface water samples were below detection limits (BDL). The elevated Pb levels in the
collected water samples could result from the weathering/leaching of mafic and ultramafic rocks, use of agricultural
insecticides and weak corrosive plumbing systems [3, 4]. These results are of concern as Pb has been recognized
for along period as a cumulative general metabolic poison. It is a neurotoxin and is responsible for the most
common type of human metals toxicities. Also, studies have linked Lead exposures even at low levels and increase
in blood pressure, as well as with reduced intelligence quotient in children and caused for attention disorders [7].

Zn is an essential trace element found almost in all food and potable water in the form of salts or organic
complexes [9]. People rarely consume too much zinc. Usually, Zn excess results from consuming acidic foods or
beverages packaged in a zinc-coated (galvanized) container. In certain industries, inhaling zinc oxide fumes can
result in Zn excess. Consuming too much Zn for a long time can reduce the absorption of Cu, cause anemia, and
impair the immune system. From the results obtained, its concentrations in surface water samples are shown in
Table 1. The minimum concentration of Zn detected in the surface water was 0.178+0.080 mg L™ (MW3) with
maximum concentration being 0.286+0.117 mg L™* (MW2). The Zn concentrations were within their respective
permissible limits in all the water samples.

It could be concluded from the results discussed above that in surface water heavy metals such as Cd, Ni, and
Mn showed increasing contamination from Moon and Shi rivers. This tread could be attributed to the presence of

mafic and ultramafic rocks, on-going mining and agricultural and industrial contamination in the studied areas.

4. Conclusion

Heavy metal concentrations in surface water samples were found in the order of Zn > Mn > Ni > Cd > Cu > Cr
> Pb, in the six locations of Moon river and Mn > Zn > Ni > Cd > Cu > Cr > Pb, in the four locations of Shi river.
The Cr, Cu, Mn, Pb, Zn, and Ni concentrations in all surface water samples were found within their respective
permissible limits set by WHO except the concentrations of Cd (0.022-0.030 mg L") were higher than their respective
permissible limits (0.003 mg L™) in all samples. The Cd concentration exceeded the permissible limit in 75% of all
water samples from Moon and Shi rivers. Therefore, it is strongly recommended that water from contaminated
locations should not be used for drinking purposes without proper treatment and lead to health risk to bio-

organisms.
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