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Introduction
Waterkeeper Alliance (WKA) has been provided with a Laboratory Analysis Report by Advancing Life and
Regenerating Motherland (ALARM) dated 6 April 2018, and an Analysis Report by the Analysis
Department of the Government of the Republic of Myanmar (GRM) dated 5 April 2018 (72 pages in
total) of water and soil samples collected in and around the Village of Thi Kyit in Shan State, Myanmar.
Our analysis of likely sources and environmental and human health impacts based on these reports is
presented below.
The Laboratory Reports provide results of water analysis for 12 heavy metals and major cations, as well
as faecal coliform, oil and grease, TSS, BOD, COD, ammonia, chorine, cyanide, nitrate, nitrite,
phosphorous, phenol and dissolved oxygen. Analyses of soil samples were provided to WKA, but appear
to be within known background concentrations. A page titled “Analytical Data for Water Samples” was
also provided to WKA for mercury concentrations in parts per billion (ppb) of the 11 water samples,
which were also within known background levels elsewhere.

Map 1: Location of Thi Kyit Village, Myanmar

The coordinates of the sites from which the water samples were taken were also provided and have
been plotted with the corresponding sample identification numbers of the analysis reports and
imported into Google Earth represented in Map 2.
This assessment focuses on the results of pollutants set out in table 1.

Table 1: Major pollutants and parameters identified in Thi Kyit Laboratory Reports

*- not analysed; WW - waste water; DW - assumed to be drinking water; USEPA1 and WHO2 - drinking water guidelines; Concentrations in red - exceed WHO guidelines, and in bold- exceed NEQG for
effluent concentrations ; Blank - below laboratory detection limits.

1
2

U.S. EPA, 2018.
WHO, 2011.

Map 2: Water sample sites surrounding the Thi Kyit Power Plant

Water sample sites, pollution and potential impacts
The laboratory analyses of water samples taken from waterways near to the village of Thi Kyit, Myanmar
shows heavy metal concentrations significantly above World Health Organisation (WHO) drinking water
guidelines in 12 of the 13 water samples and nine water samples exceed maximum concentrations of
one or more parameter under the Myanmar Environmental Quality (Emissions) Guidelines.
Four water samples (3530, 3535, 3537, and 3538) contained concentrations of three heavy metals that
exceeded WHO drinking water guidelines and two sample (3537 and 3538) exceeded the Myanmar or
Environmental Quality (Emissions) Guidelines for 2 heavy metals.
For example;
• sample 3537 contained selenium 4.25 times, cadmium 3.3 times and lead 14 times WHO
guidelines;
• sample 3538 contained concentrations of lead 27 times and cadmium 3.3 times the WHO
guidelines; and
• samples 3530 and 3535 contained arsenic concentrations 5 times the WHO guidelines for safe
drinking water.

An indicator of poor water quality is Total Suspended Solids (TSS)3 for which one water sample (3536)
exceeded the maximum under the Myanmar Environmental Quality (Emissions) Guidelines for effluent
water by more than five times.
Other pollutants found was oil and grease. All four water samples analyzed for oil and grease (3532,
3534, 3536, and 3539) exceeded the Myanmar Environmental Quality (Emissions) Guidelines for effluent
containing this pollutant. The presence of oil and grease in water bodies leads to the formation of oil
layer, which causes significant pollution problem such as reduction of light penetration and
photosynthesis. It further hinders oxygen transfer from atmosphere to water medium and this leads to
decreased amount of dissolved oxygen at the bottom of the water and this adversely affects survival of
aquatic life in water.4

Pollutants of significant health concerns
Heavy metals are significant environmental pollutants, and their toxicity is a problem of increasing
significance for human health and the environment. Because of their high solubility in water, heavy
metals can be absorbed by living organisms. Once they enter the food chain, concentrations of heavy
metals can magnify as they accumulate in organisms and ecosystems. If the metals are ingested beyond
recommended maximum concentration, they can cause serious health disorders.

Lead
Very high concentrations of lead were found in three water samples. The World Health Organisation
(WHO) guidelines for maximum lead in drinking water is 0.01 mg/l. Three water samples exceeded WHO
maximum safe levels of lead;
•
•
•

3538 (0.27mg/l) 27 times:
3539 (0.22 mg/l) 22 times; and
3537 (0.14 mg/l) 14 times the WHO guideline.

All three water samples also exceeded the Myanmar Environmental Quality (Emissions) Guidelines for
for lead (see table 1).

3

Turbidity and TSS are the most visible indicators of water quality. These suspended particles can come from soil
erosion, runoff, discharges, stirred bottom sediments or algal blooms. While it is possible for some streams to have
naturally high levels of suspended solids, clear water is usually considered an indicator of healthy water. Excessive
suspended sediment can impair water quality for aquatic and human life, impede navigation and increase flooding
risks. See https://www.fondriest.com/environmental-measurements/parameters/water-quality/turbidity-totalsuspended-solids-water-clarity/
4
T. Mohammadi, and A. Esmaelifar, 2005.

Map 3: Thi Kyit sites and sample numbers of water sample with high lead levels in relation to likely industrial
sources.

The WHO states in its Drinking Water Guidelines5 that exposure to lead is associated with a wide range
of effects, including various neurodevelopmental effects, mortality (mainly due to cardiovascular
diseases from increased blood pressure.), impaired renal function, hypertension, impaired fertility and
adverse pregnancy outcomes.
Impaired neurodevelopment in children is generally associated with lower blood lead concentrations
than the other effects. Infants and children are considered to be the most sensitive subgroups of the
population. 6 The Toxicological Profile for Lead by the US Agency for Toxic Substances and Disease
Control7 warns that, in general, if adults and children swallow the same amount of lead, a bigger
proportion of the amount swallowed will enter the blood in children than in adults with children absorb
about 50% of ingested lead and that no safe blood lead level in children has been determined. Based on
the dose-response analyses, 0.025mg/l of lead to 1kg body weight is associated with a decrease of at
least 3 intelligence quotient (IQ) points in children and an increase in systolic blood pressure of
approximately 3 mmHg (0.4 kPa) in adults.8
Lead exposure may also cause weakness in fingers, wrists, or ankles and may also cause anemia. 9 The
US ATSDR warn that; “At high levels of exposure, lead can severely damage the brain and kidneys in
adults and children and ultimately cause death. In pregnant women, high levels of exposure to lead may
cause miscarriage. High level exposure in men can damage the organs responsible for sperm
production”.10 Lead can be transferred from the mother to the fetus and also from the mother to infants
via maternal milk.11
5

WHO, 2011. p 384.
Ibid
7
ATSDR, 2007a. p 10.
8
WHO, 2011. p 384.
9
ATSDR, 2007a. p 8.
10
ATSDR, 2007a pp 8-9.
11
ATSDR, 2007. pp 156.
6

Lead is toxic to all aquatic biota, and organisms higher up in the food chain may experience lead
poisoning as a result of eating lead-contaminated food.12 Older organisms tend to contain the greatest
body burdens with lead concentrations usually highest in benthic organisms and algae, and lowest in
upper trophic level predators (e.g., carnivorous fish).13 Bio-concentration factors for aquatic biota are:
42 for fish, 536 for oysters, 500 for insects, 725 for algae, and 2,570 for mussels. 14The European Inland
Fisheries Advisory Commission set a maximum admissible lead concentration in water of 0.004 to 0.008
mg per liter for salmonids and 0.07 mg per liter for cyprinids.15The US EPA National Recommended
Aquatic Life Criteria for freshwater are 0.065 mg/l (acute) and 0.0025 ug/l (chronic).16
Excess lead causes a number of toxicity symptoms in plants e.g. stunted growth, chlorosis and
blackening of root system and inhibits photosynthesis, upsets mineral nutrition and water balance,
changes hormonal status and affects membrane structure and permeability.17
An advisory warning should be made that the waters from which these samples were taken should not
be used for any domestic purpose. People living near to these waters, particularly the children, and
those who consume fish from these waters should have blood samples taken to determine blood lead
levels and whether therapy is required.
Fish taken from these waters should be tested for lead content before being consumed.

Arsenic
The WHO Drinking Water Guidelines and US EPA Drinking Water Standards for maximum arsenic
concentration is 0.01 mg/l. Water samples 3530 and 3535 was found to have five times (0.05mg/l) the
WHO guidelines for safe drinking water. Two other samples, 3536 and 3537, were found to have
0.01mg/l, which is at the maximum recommended concentration for safe drinking water.

12

ATSDR, 2007a. p 322.
ATSDR, 2007a. p 321.
14
ibid
15
Svobodová et al, 1993.
16
US EPA, 2011.
17
Sharma & Dubey, 2005.
13

Map 4: Thi Kyit sites and sample numbers of water sample with high arsenic levels in relation to likely
industrial source
Chronic exposure of humans to inorganic arsenic in the drinking water has been associated with excess
incidence of miscarriages, stillbirths, preterm births, and infants with low birth weights. 18
Inorganic arsenic compounds are classified by International Agency for Research on Cancer (IARC) as a
Group 1 carcinogen (carcinogenic to humans).19 The International Programme on Chemical Safety (IPCS)
concluded that long-term exposure to arsenic in drinking-water is causally related to increased risks of
cancer in the skin, lungs, bladder and kidney, as well as skin changes, such as hyperkeratosis and
pigmentation changes.20 Increased risks of lung and bladder cancer and of arsenic-associated skin
lesions have been reported to be associated with ingestion of drinking-water at concentrations below
0.05 mg/l.21 It has been estimated that the lifetime risk of dying from cancer of the liver, lung, kidney, or
bladder from drinking water with a concentration of at 0.05mg/l arsenic a day could be as high as 13 per
1,000 persons.22The US EPA declared in 198623 that “For the maximum protection of human health from
the potential carcinogenic effects due to exposure of arsenic through ingestion of contaminated water
and contaminated aquatic organisms, the ambient water concentration should be zero based on the
non- threshold assumption for this chemical.”
Continuous exposure of freshwater organisms including fish to low concentrations of arsenic results in
bioaccumulation, notably in liver and kidney. Arsenic induces hyperglycemia, depletion of enzymatic
activities, various acute and chronic toxicity, and immune system dysfunction.24 The bioconcentration
18

ATSDR, 2007b. p 18.
IARC, 2018.
20
WHO, 1981.
21
WHO, 2011. p 317.
22
Smith et al, 1992.
23
US EPA, 1986.
24
Kumari et al, 2017.
19

factors (BCFs) have been determined at 8,700 for bryophytes, 1,900–2,200 for invertebrates, and 200–
800 for fish (livers).25The US EPA sets 0.340mg/l for acute and 0.150mg/l for chromic concentrations
respectively for healthy freshwater aquatic life.26
Inorganic arsenic disrupt plant metabolism through disrupting phosphate metabolism and transport
proteins, leading to imbalances in phosphate supply. 27
An advisory warning should be made that the waters from which these samples were taken should not
be used for any domestic purpose. People living near to these waters should have blood samples taken
to determine blood arsenic levels and whether therapy is required.

Cadmium
The WHO guidelines for cadmium concentration in drinking water is 0.003mg/l. Three water samples
exceeded this concentration:
•

3537, 3538, and 3539 (all 0.01 mg/l) which is 3.3 times the WHO recommended concentration
of cadmium for safe drinking water and at the limit of the Myanmar Environmental Quality
(Emissions) Guidelines for effluent.

The WHO identifies that cadmium accumulates primarily in the kidneys and has a long biological half-life
in humans of 10–35 years. 28 There is evidence that cadmium is carcinogenic by the inhalation route, and
IARC has classified cadmium and cadmium compounds in Group 2A (probably carcinogenic to humans).
However, there is no evidence of carcinogenicity by the oral route and no clear evidence for the
genotoxicity of cadmium.29

25

Lithner et al, 1995.
US EPA, 2017.
27
Finnegan et al, 2012.
28
WHO, 2011. p 327
29
ibid
26

Map 5: Thi Kyit sites and sample numbers of water sample with high cadmium levels in relation to
likely industrial source
Eating food or drinking water with very high cadmium levels severely irritates the stomach, leading to
vomiting and diarrhea, and sometimes death. 30 Eating lower levels of cadmium over a long period of
time can lead to a build-up of cadmium in the kidneys. If the build-up of cadmium is high enough, it will
damage the kidneys. Exposure to lower levels of cadmium for a long time can also cause bones to
become fragile and break easily. 31 Cadmium is found in breast milk and a small amount will enter the
infant’s body through breastfeeding. The amount of cadmium that can pass to the infant depends on
how much exposure the mother may have had. 32 Similarly, consuming milk of animals that drink
cadmium contaminated water, will similarly pass on cadmium.
Cadmium concentrates in freshwater and marine animals hundreds to thousands of times higher than in
the water. Reported bio concentration factors (BCFs) range from <200 to 18,000 for invertebrates,33 and
from 3 to 4,190 for fresh water aquatic organisms,34 People who regularly consume shellfish and fish,
particularly organ meats (liver and kidney), may be expected to have increased cadmium exposure.35
The Water Quality and Fish Health Technical Paper by the European Inland Fisheries Advisory
Commission state that: “…very small concentrations of cadmium may produce specific effects after a
long exposure period. Chief among these specific effects are those exerted on the reproductive organs.
An adverse influence of long exposure to cadmium upon the maturation, hatchability and development
of larvae in rainbow trout was recorded at concentrations as low as 0.002 mg l1….For salmonids, the
30

ATSDR, 2012. p 5.
ibid
32
Ibid. p 3.
33
van Hattum et al, 1989.
34
US EPA, 1995.
35
ATSDR, 2012. p 280-281.
31

maximum admissible cadmium concentration in water is 0.0002 mg per litre, and for cyprinids 0.001 mg
per litre. 36The US EPA recommends 0.0018 mg/l acute and 0.00072mg/l chromic criteria for healthy
freshwater aquatic life. 37
Cadmium negatively affects plant growth and development. Stomatal opening, transpiration and
photosynthesis has been reported to be affected by cadmium, as has iron, nitrate and phosphorous
deficiencies.38Chlorosis, leaf roll and stunting are the main visible symptoms of cadmium toxicity in
plants.39

Nickel
The WHO guidelines for Nickel in drinking water is 0.07mg/l. Concentration significantly exceeded these
guideline in four water samples:
•

•
•

3534 (0.6 mg/l) 8.57 times the concentration recommended by the WHO as a safe level for
drinking water, and exceeds the Myanmar Environmental Quality (Emissions) Guidelines for
effluent.
3532 (0.3 mg/l) 4.3 times the WHO guidelines.
3533 and 3535 (0.2mg/l) almost 3 times recommended by the WHO.

Map 6: Thi Kyit sites and sample numbers of water sample with high nickel levels in relation to likely
industrial source
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Svobodová, et al, 1993.
US EPA, 2017.
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Benavides et al, 2005.
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The most common harmful health effect of nickel in humans is an allergic skin reaction. A person can
become sensitive to nickel when nickel is in direct and prolonged contact with the skin.40
Nickel is highly toxic to fish and other aquatic species at concentrations as low as 0.01mg/l.41 The US EPA
recommend a maximum of 0.47mg/l for acute and 0.052mg/l for chronic concentrations for healthy
freshwater aquatic life.42
Nickel does not appear to concentrate in fish.43 However, to protect fresh water fish species, the FAO
(1984) suggested an average concentration of nickel should not exceed 0.01 mg/l and the 95 percentile
should not exceed 0.03 mg/l in soft water (20 mg/l as CaCO3). In hard water (320 mg/l as CaCO3), the
corresponding concentrations of nickel should be 0.04 and 0.12 mg/L respectively.44 Despite all the
water samples analyzed for hardness showing very hard water (140-280mg/l), with water sample 3533
showing a hardness of 280 mg/l (4.7 times the maximum concentration for drinking water under the
GoRM regulations), the nickel concentrations found in these water samples would be expected to be
highly toxic to freshwater ecosystems and fish populations.
Studies show that some plants can take up and accumulate nickel. 45As with other heavy metals, excess
concentrations of Ni in plants cause chlorosis and necrosis, due to disruption of Fe uptake and
metabolism.46 Elevated concentrations of Ni can inhibit cell division at root meristems in non-tolerant
plants and decrease plant growth.47

Selenium
The WHO sets a guideline of 0.04 mg/l for selenium concentrations in drinking water. All water samples
analysed for selenium exceeded this concentration.
•
•
•
•
•
•
•
•
•

3537 (0.17 mg/l) 4.25 time WHO;
3535 (0.137 mg/l) 3.4 times WHO;
3533 (0.125 mg/l) 3.1 times WHO;
3538 (0.11 mg/l) 2.75 times WHO:
3528 (0.109 mg/l) 2.7 times WHO;
3529 (0.,086 mg/l) 2.15 times WHO;
3531 (0.078 mg/l) 1.95 times WHO;
3530 (0.074 mg/l) 1.85 times WHO;
3532 (0.60mg/l) 1.5 times WHO guidelines.

Five of these water samples (3528, 3533, 3535, 3537, and 3538) also exceed the Myanmar
Environmental Quality (Emissions) Guidelines for selenium in effluent .
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ATSDR, 2005. p 6.
Grimwood & Dixon, 1997.
42
US EPA, 2017.
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De kock, 1956.
47
Satish et al, 2015.
41

Selenium is an essential trace element, and foodstuffs such as cereals, meat and fish are the principal
source of selenium for the general population. Levels in food also vary greatly according to geographical
area of production. However, even in high selenium areas, the relative contribution of selenium from
drinking-water is likely to be small in comparison with that from locally produced food.48
Chronic oral intake of very high levels of selenium (10–20 times more than normal49) can produce
selenosis in humans, the major effects of which are dermal and neurological and causes diseased nails,
skin and hair loss, as well neurological problems, including unsteady gait and paralysis.50
The primary adverse effects in laboratory animals exposed to selenium are cardiovascular,
gastrointestinal, hematological, hepatic, dermal, immunological, neurological, and reproductive,
although doses causing these effects are generally at least 5 times higher than normal daily selenium
intake. A condition (syndrome) referred to as “blind staggers” has been repeatedly observed in cattle
feeding off vegetation in areas with high selenium content in the soil. 51
Selenium can also cause developmental abnormalities and reproductive failure in fish and wildlife.52
Waterborne concentration of selenium of 0.0027 mg/l has been found to result in 20-30% total fish
population mortality a year for of two species.53 In 2016, the US EPA introduced a recommended a 30
day chronic concentration of between 0.0015 mg/l and 0.0031mg/l for healthy freshwater organisms. 54

Map 7: Thi Kyit sites and sample numbers of water sample with high selenium levels in relation to likely
industrial source

48

WHO, 2011. p 413.
In the USA the average daily intake without supplements is 108 ug per day see U.S. DAARS, 2012.
50
ATSDR, 2003. p 15.
51
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52
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53
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Source of pollution
The above identified heavy metal concentrations are significantly above known natural background
levels. Therefore, the source of these pollutants is most likely industrial in nature. There are three major
industrial facilities in the Thi Kyit area from where these water samples were collected:
•
•
•

power plant and ash dump;
coal mine; and
cement factory.

Power plant and coal ash dump
The 120 megawatt (MW) Thi Kyit Power Plant operations began in 2005, is the only operating coal-fired
power station in Myanmar. Operations were suspended at the plant in 2014 due to residents’
complaints over air pollution.
An enormous body of evidence exists in the scientific literature showing that effluents generated from
leaching of coal ash typically has high concentrations of toxic elements, particularly heavy metals, and
that these effluents have the potential to contaminate surrounding waterways and soils.55
Depending on where the coal was mined, coal ash typically contains arsenic, lead, mercury, cadmium,
chromium, selenium, aluminum, antimony, barium, beryllium, boron, chlorine, cobalt, manganese,
molybdenum, nickel, thallium, vanadium, and zinc,56 copper, antimony,57 strontium , yttrium,58 and
radioelements including uranium, thorium, and potassium,59 and their numerous decay products,
including radium and radon.60 In the presence of water, these elements can move into the environment
in the form of leachates and be consumed or absorbed by people and organisms, where they can bioaccumulate and cause severe toxicological effects.61
The amount of heavy metals released from coal ash such as fly ash and bottom ash stock piles depends
largely on the pH, bonding between the element and the ash, its chemical form, and physicochemical
properties of water.62
If eaten, drunk or inhaled, these toxicants can cause cancer and nervous system impacts such as
cognitive deficits, developmental delays and behavioral problems. They can also cause heart damage,
lung disease, respiratory distress, kidney disease, reproductive problems, gastrointestinal illness, birth
defects, and impaired bone growth in children.63
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1999; Fytianos et al, 1998; Pires & Querol, 2004; Choi et al, 2002; Llorens et al, 2001; Maiti & Jaiswal, 2008.
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Many are listed carcinogens. For example, the US Environmental Protection Agency (EPA) has found that
people living near an unlined wet ash dump that drink water from a well, may have as much as a 1 in 50
chance of getting cancer from arsenic-contaminated water.64
A number of studies have showed also decreased survival and metamorphic success in aquatic
organisms exposed to coal ash contaminated sediments.65 The discharge of metals from coal ash dumps
has been linked to a number of lethal and sublethal effects on fish species. Populations of fish have
decreased in lakes,66 and growth, male condition factor, and lipid storage have been found to decrease
in fish exposed to coal ash contaminated sediments.67 A number of coal ash trace elements have been
found to result in lethal and sublethal decreased growth and condition factors,68 fish population and
community changes, such as decreased population density, reproductive success, and adult biomass, 69
hispathological abnormalities in somatic and reproductive tissues in fish,70 and the reduction in fish
population fitness through increased susceptibility to disease, predation, and decreased reproductive
capacity.71 Heavy metal toxicity is also one of the major non-biological stresses affecting plants and
crops.72

Coal mine
A major impact of coal mining is its pollution of available freshwater with acid mine drainage (AMD).
Contamination of waterways by coal mining is well documented and heavy metals release leading to the
formation of AMD has been extensively reported,73 as has the development of AMD from coal mining.74
Acid mine drainage is one of the most serious localized environmental problems that the coal mining
industry faces.75 AMD causes acidification and metal contamination of surface and ground water bodies
and requires high-cost, long-term remediation and treatment measures to mitigate its impact.
When mine materials and overburden-containing metal sulfides are exposed to air and water, the
sulfide bearing rocks oxidize to produce sulfates and acid. Under such acidic conditions a wide range of
metals become more soluble. In coal mining operations, AMD is predominantly caused when sulfide
minerals that are present in coal beds or in strata overlying and underlying the coal are exposed to
oxidation.76
Some of the effects of AMD include fish kills and the loss of other aquatic species, and impacts on
vegetation such as killing crops or reduced or impaired yields.77 The formation of AMD can be a longterm source of water contamination. Once a mining operation has ceased, poor water quality may
continue to impact on the environment, human health and livelihood for decades or even centuries. A
64
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well-known mine site in the Iberian Pyrite Belt in Spain, for example, has been generating AMD for well
over 2000 years.78
Due to acid mine drainage, accumulated overburden and wastewater created by coal mining, a range of
heavy metals are released. Significant concentrations of aluminum, iron, manganese and other metals
are commonly discharged. These heavy metals can have a negative impacts on human health, aquatic
life and crops.

Cement factory
Cement manufacture has been found to impact waterways through the release of heavy metals in
effluent.79The cement plant apparently used local lignite (brown coal) and reuses the coal ash in the
cement in produces.

Conclusion
The Thi Kyit power plant and particularly the coal ash dump and any coal ash storage areas are most
likely the major source of the majority of the high heavy metal concentrations and other pollutants
identified in the water samples analysed. However, the coal mine and the cement factory may be
contributing to these pollutant loads.
Water drains from the south to the north with the cement factory about 5km northwest of the power
station and the coal mine immediately to the south of the power plant and coal ash dump. Without a
detailed drainage map of the area, we cannot definitively distinguish between the point sources of the
power plant and the coal mine. However, from experience with water sampling of other coal mines
around the world, AMD from mines generally does not contain such high lead concentrations.
The cement factory can possible to be contributing to the high nickel levels in sample 3534, as the
sample was taken downstream of the factory, and the concentration of nickel is significantly higher that
sample 3532, which was taken upstream of the factory (see map 6). However, as the general direction of
drainage to both 3534 and 3532 is also from the power plant and the coal mine and these sources may
also possibly be the source of the high nickel concentrations.
An advisory warning should be made that the waters from which the samples with high lead, arsenic,
cadmium, nickel, and selenium were taken should not be used for any domestic purpose until the source
of the pollution has been identified, the pollution ceases, and the water has returned to background
concentrations. Children living near to these waters should have blood samples taken to determine
blood lead levels and whether therapy is required. Fish taken from these waters, especially shellfish and
large fish, should be tested for these heavy metals content before being consumed.
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