The Republic of the Union of Myanmar
Ministry of Environmental Conservation and Forestry

Forest Department

Thida Swe, Khin Hnin
Research Assistant-2, Research Assistant -3
Forest Research Institute, Yezin

August, 2013



Q < < .. SR
SQC:GC\):mqﬂsﬁ GQSQQ@SQGOQ:SQO:@?:O)O)@ :

006)8:39(7{]5'36["8

Qﬁ@oooé:ooé J()OG ?«?0%?(3 J()O() ?§0§3308836(m(¥3090?6@96:

§°GO~)’DG61§GI:E§O({P:G§ e’]orggmo)ézwﬁﬁaae@qusaeoﬂr @G@é(aj og@é:ooé@ ooo:[§5: @OSOWODECII

cx _C < < < < < < <
G’IU)QQGSQ)OQJ(D S’BGE:SSQGIS’BCZGCUS(T}.?G]S Gq@g C:?GQ)OGGI 3’9&? 39@02080
o coC N < < ° oc C ° .
ﬂ&):mg?m:§oqo<go@g°eﬁ ODO)?O)CI)’J:GODOOSQGI 39@080:0?2661 (DOmGSth)

sgqésaeog:ooogg;ogqlogsaogézoécwgmé: Total Hardnessi Electrical conductivityr Total
dissolved solid & total suspended solid o3&\ o3¢:0mpae[gaes36IC:1600:M05660P5
ewocﬁo?:qe;eoaé:eoao eqam%lzsaoo: 035 01083§Q)é(7$e%0610’103é" aaézeco:csqeoeqcﬁ

[o] < Q< [o] < < N cC ocMm¢e < < < <
86103’3390802 jovln]~less) thDOGC\?J?O]S@C:?Q GU)’.)COD’.)(\?O(T?C@C:QPZG@OQ %CZGC\D:(’D:?SBOgCZ

§$:§q|ﬁ o%:go:coogaa@é eq@qp:ogé eqorgo?e@@@o?é (?):oaogeeo:d?:@ﬁm asézeco:m$ 39035:
sgmoqor%:go:mo@o%oé (Eutrophication) =) s@aocf: ®R) (Eutorphic state)
@ogespcﬁﬁe§@@5e@n§:eogﬁq&ooé||

2860010 0[5Ee§u003c005§a038: 0881588  condeqpaSupSadilon cefFqp: aniewScooSBe:
g%oé@é:q§c$zoéqjo:o$®$mq 08$303§:em§cﬂo(f> 2ol ooéu ssézem:m.§aeo:®éaoo§
3@05 085'“}::135:51.5??@ aaé:em:m$3aog§:§§ ceqe0 eqa‘)eglwosgogéz

Gs?(}%é@GODOGQQDé[Z)éQREﬂO:Gﬁ (QI%:GOGQ:SQG@CQ&?U% G(DO82§$G®61$CQ080S CiCC:SO%Gﬁ

R:GO]E:O’]OE G@Oéa(ﬁﬁ&)é 338(D338$:(T)C(§_9085 O']OéGﬁ)G[:(TJOé:GOg‘SOIG].O’]ODéII

Assessment of water quality of Inlay Lake
Abstract

. This paper summarizes the results of data collected in2009 and 2010. The purpose is to
assess the water quality and trophic state of the lakes based on the available data. The pH of
water is in alkaline condition. With respect to high content of hardness, electrical conductivity,
Total Dissolved Solids and Total suspended solids, the water from Inlay Lake is not suitable for
drinking anymore.The fertilizers and pesticides from the floating gardens and sewage from the
catchment are also reaching the lake in addition to sediments and nutrients causing the lake
eutrophic. The immediate attention should be paid on the problems of sedimentation associated
with the construction and management of floating gardens if the open lake area is to be
preserved.Public awareness is essential in playing vital role in the preservation of Inlay Lake and
protection of the health of the watershed residents.
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Assessment of Water Quality of Inlay Lake

1. Introduction

Inlay Lake is situated in Nyaungshwe Township, Southern Shan State in Myanmar. It is
the second largest lake in Myanmar at about 14 miles long and 7 miles wide averaging 2900 feet
above sea level. The Inlay is the most important lake in Myanmar by virtue of its economic,
social, cultural and ecological implications. And also it is the important natural resources of
Myanmar since it is the original water resource of Baluchaung which is the main stream of
Mobye Dam for Lawpita Hydro-power plant located in Kaya State. In the last decade, the lake
has been facing with combined threats due to natural and manmade pressure that become causes
of decrease water holding capacity, changes in water quality, disturbs the navigability, decline in
livestock and other products (Mu Mu Than, 2007).

The Inlay Lake region is characterized by a large, flat valley running north to south which
is surrounded by mountain ranges. Due to increased population pressure, these ranges have been
stripped bare of trees for fuel wood and cultivation by the local people who are living in and
around the lake for their livelihood. Therefore, large scale deforestation and shifting cultivation
practices are threatening severely the environmental stability of the entire watershed area of
Inlay Lake.

Deforestation and more intense agriculture on its western and northern watershed areas
contribute to soil erosion and brought in increasing amount of silt and nutrients into the shallow
lake. As a consequence, sedimentation and siltation had been seriously affecting the surface area
of the lake and which has shrunk within the living memory.

The main livelihood of the Inlay lake region is floating garden agriculture. Tomatoes, the
primary cash crop, comprise two-thirds of the region’s agriculture. The remaining one-third
consists of flowers, vegetables and sugarcane plantations. The farmers routinely use chemical
fertilizers for increasing their agricultural products and pesticides for the protection of their
vegetation from the pests. Win (1996) (cited in Butkus and Su, 2001) derived the loading
capacities of eleven pesticides commonly used in tomato cultivation. He reported that the
amounts of the pesticides applied far exceed the loading capacity of Inlay Lake for each of these
pesticides.

The Inlay region is also well-known for its textile products. Major textile industries use
chemical dyes as well as natural dyes. In addition, dumping of waste and garbage from



households, lack of proper sanitation and livestock breeding contribute to poor water quality of
Inlay Lake. As a result, the Inlay carp (Cyprinuscarpiointha) (Nga-phane) serving as the main
public food supply is becoming scare. Thus technical measures are urgently needed to access the
environmental degradation with respect to deforestation, disposal of solid garbage, sedimentation
and water pollution of Inlay Lake.

2.  Objective

The objectives of this study are (a) to examine the physical and chemical status and
pollution levels of lake water, (b) then, to provide baseline data on some physico-chemical
characteristics of lake water and (c) to determine the trophic status of the lake.

3. Materials and Methods
3.1 Study Area

Inlay Lakeis situated in southern Shan State. The weather is warm in summer with the
average maximum temperature of 36.6°C in April and the average minimum temperature at 28°C
in the coldest months of December, January and February.It has an average annual rainfall of
800~900 mm.

Soils on the lower hill-slopes around the north part of the lake area are rather thin and
somewhat poorly structured (Sidle ez. al., 2007). Soils in this area have previously been
described as Acrisols and red-brown soils and on lower slopes; the underlying surface bedrock is
largely limestone and calcareous sandstone and siltstone (Volk et. al. 1996; Su and Jassby 2000).
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3.2 Sampling



The sampling points were scatteredwith 1 mile interval over 1 foot: 1 mile scaled map of
Inlay Watershed area systematically and noted down the latitude and longitude of the points. The
water samples from the lake area were collected in summer seasons of 2009 and 2010 according
to the latitude and longitude data which were noted down from the map whereas three to four
water samples each were collected along the streams depending on its length. The global
positioning system (GPS) was used to find the points and water samples were taken from the
surface of the water body (i.e. upper 50 cm). Sub-water samples were also collected if the depth
of the water body is deeper than 1 m. The total numbers of water samples were 49 which were
then grouped and categorized into (i) open water area, (ii) floating garden areas, (iii) village
areas and (iv) streams.
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3.3 Analytical Methods

The collected water samples were sent to Water Resources Division, Department of
Agricultural Research, Yezin for analysingpH, total hardness (TH), Total Alkalinity, electrical
conductivity (EC),the concentrations of total dissolved solids (TDS) and total suspended solids
(TSS)and metal ions such as calcium, magnesium and sodium ions.

Trophic state of Inlay lake area is also determined (adopted from Bachmann ez al. 1999).

4. Results and Discussion

The recommended water quality criteria set by World Health Organization (WHO),
Indian Council of Medical Research (ICMR), Indian Standard Institution (ISI), Environmental
Protection Agency (EPA), European Community (EC) and the physical and chemical
characteristics of water samples of Inlay Lake areas were presented in the following tables.

Table (1) Recommended water quality criteria

Desirable Maximum
Quality Factor .. Permissible | Organization/Body Remarks
Limit .
limit
pH 7.0-8.5 6.5-9.2 WHO, ISI, ICMR
Total Hardness(TH), 100 500 EPA, ICMR
mgdm” <270 EPA For drinking
purposes
Total Alkalinity, mgdm™ 200 600 WHO
Total Dissolved 500 1500 ICMR
Salts(TDS), mgdm” <500 EPA For drinking
purposes
Total Suspended Solids 20
Electrical Conductivity, 750 2500 WHO domestic
pmhos/cm 04-0.85 |EPA For drinking
purposes
Calcium ion, mgdm™ 75 200 ICMR
Magnesium ion, mgdm™ 30 WHO
100 WHO
Sodium ion, mgdm’3 50 175 WHO
<100 EPA For drinking
purposes

Source: Olajire and Imeokparia, 2001

4.1 pH

pH is a measure of the free hydrogen ion and hydroxyl ions in water. A pH of 7 is
neutral; pH under 7 indicates acidity while higher than 7 indicates alkalinity. Since pH can be
affected by chemicals in the water, pH is an important indicator of water that is changing
chemically. The recommended value for drinking purpose is 7.0 to 8.5 (WHO 1984). The present
investigation indicates that the water from Inlay Lake is slightly alkaline, and it is within the
permissible level for drinking purposes according to WHO standard.



Table (2) Physical and chemical properties of water samples from Inlay Lake area

Desirable Maximum
Quality Factor .. Permissible | Organization/Body Remarks
Limit limit
pH 7.0-8.5 6.5-9.2 WHO, ISI, ICMR
Total Hardness(TH), 100 500 EPA, ICMR
mgdm <270 EPA For drinking
purposes
Total Alkalinity, mgdm™ 200 600 WHO
Total Dissolved 500 1500 ICMR
Salts(TDS), mgdm” <500 EPA For drinking
purposes
Total Suspended Solids 20
Electrical Conductivity, 750 2500 WHO domestic
umhos/cm 04-085 |EPA For drinking
purposes
Calcium ion, mgdm™ 75 200 ICMR
Magnesium ion, mgdm™ 30 WHO
100 WHO
Sodium ion, mgdm’3 50 175 WHO
<100 EPA For drinking
purposes

Source: Olajire and Imeokparia, 2001

4.2 Total Hardness

Hardness is the measurement of dissolved minerals that decides the utility of water for
domestic purposes. Hardness of water depends mainly upon the amounts of calcium or
magnesium or both. Other cations like barium, iron, manganese, strontium and zinc also
contribute.

Hardness of water samples from Inlay Lake area is higher than the desirable limit for
domestic purpose but not exceed the maximum permissible level in all sampling points.

Soap-consuming capacity of water is also expressed as hardness level of water, that is,
the more soap required to produce lather, the harder the water. Such kind of hardness is reported
as calcium in milligrams per liter (mg/L or ppm). A commonly used classification for hardness
(adopted from Kunin, 1972) and hardness level of lake watersamples are given in the following
Tables (3 and 4).



Table (3) Hardness classification expressed as mg/L of CaCOs

Hardness Range (mg CaCO3/L) Description of Hardness
0-50 Soft
50 -100 Moderately Soft
100 - 150 Slightly Hard
150 - 200 Moderately Hard
200-300 Hard
>300 Very Hard

Source: Kunin (1972)

Table (4) Hardness level of water samples of Inlay Lake

Sampling area Hardness (mg CaCO3/L) Hardness level
Open lake area 90 - 280 Moderately Soft to Hard water
Floating garden areas 89 - 226 Moderately Soft to Hard water
Villages 133 - 225 Slightly Hard to Hard water
Streams 139 - 198 Slightly Hard to Hard water

Although the hardness values do not exceed the maximum permissible level, the hardness
condition of water samples range from moderately soft to hard water in open lake area and
floating garden area, and slightly hard to hard in villages and stream areas according to the
hardness classification.

4.3 Total Alkalinity

Carbonates and bicarbonates are the major contributors to the total alkalinity. The
alkalinity of a water sample is a measure of its ability to neutralize acids.

Naturally occurring levels of total alkalinity up to 400 mg/L as CaCO3 are not a health
hazard. Low alkalinity is associated with low pH values and may indicate potential for problems
due to corrosion of metal in plumbing systems. High alkalinity imparts bitter taste. The
acceptable limit of alkalinity is 200 — 600 ppm. The amounts of total alkalinity from all sampling
points in Inlay Lake do not exceed the highest acceptable limit and all samples are closed to
lower limit.

4.4 Electrical Conductivity

It is a measure of the conductance of an electric current in water and its content is closely
related to total dissolved solids.EPA (2012) has reported that the maximum contaminant level of
EC is 0.4 -0.85 micro Siemens per centimetre. Mean values of all samples are under permissible
level of 750 pumhos/cm.



4.5 Total Dissolved Solids

Total dissolved solids (TDS), also called "total mineral content" or "total residue", is the
total amount of material remaining after evaporation of the water. TDS indicates the general
nature of water quality or salinity. TDS affect the water quality in myriad of ways impacting the
domestic water usage for cleaning, bathing etc as well as drinking purposes (APHA, 1989).

Water samples containing more than 500 mgdm™ (mg/L or ppm) of TDS is considered
undesirable for domestic uses but unavoidable cases of 1500 mgdm™ is also allowed (Olajire and
Imeokparia, 2000). In this investigation, the TDS values varied from 111 mg/L to 1838 mg/L
throughout the Lake area although the mean values of TDS are within permissible level. The
high levels of TDS values of some sampling points from Open water areas, villages and main
streams indicate the high sedimentation from forest conversion areas in the vicinity of Inlay
Lake.

4.6 Total suspended solids

Total suspended solids (TSS) include all particles suspended in water which will not pass
through a filter. Suspended solids are presented in sanitary wastewater and many types of
industrial wastewater. There are also nonpoint sources of suspended solids, such as soil erosion
from agricultural and construction sites. As level of TSS increase, a water body begins to lose its
ability to support a diversity of aquatic life. Suspended solids absorb heat from sunlight, which
increases water temperature and subsequently decreases levels of dissolved oxygen (warmer
water holds less oxygen than cooler water.) Photosynthesis also decreases since less light
penetrates the water. As less oxygen is produced by plants and algae, there is a further drop in
dissolved oxygen levels.

The amount of total suspended solids from all sampling points show the extremely higher
level than the standard limits. As a consequence, the clarity of lake water can be defined as

"IDirty[] according to the classification of TSS concentration as shown in the following tables (5
and 6).

Table (5) Clarity of water based on TSS level

Total Suspended Solid (mg/L) Description of Clearness
<20 Clear
40 —80 Cloudy
> 150 dirty

Source:DWAF, 1996



Table (6) Clearness of lake water based on total suspended solids (TSS) level

. Total suspended solids (ppm)
Sampling area Mean (sd) Min - Max Clearness
Open lake area 311 (188) 162 - 860 Dirty
Floating garden areas 221 (71) 148 — 380 Dirty
Villages 516 (568) 214 - 1796 Dirty
Main rivers 315 (55) 252 - 350 Dirty

Suspended solids can also harm fish directly by clogging fish gills, reducing growth rates,
and lowering resistance to disease. Therefore, the population of Inlay carp (Cyprinuscarpiointha)
are believed to be declining due to decreased water clarity levels associated with suspended
residues.

4.7 Calcium

The presence of Calcium (Ca) in water is mainly due to its passage through deposits of
limestone, dolomite, gypsum and other gypsiferous materials (DWAF, 1996). Ca concentration
in all samples analysed ranged between 7 to 62 mg/L which is lower than the desirable limit for
domestic use (Table 2). But according to the guideline set by Department of water affairs and
forestry from Republic of South Africa (1996), the calcium concentration of higher than 32 mg/L
can increase scaling problems lathering of soap impaired although it has no health effect. That
could be one of the reasons of being hard water condition of investigated water samples from
Inlay Lake area.

4.8 Magnesium

Magnesium (Mg) is one of the most essential macro nutrients that help as a co-factor in
the enzyme systems. In this study the concentration of Magnesium ranged from 9 to 30 mg/L.
Samples were just under the desirable limit of 30 ppm. But DWAF (1996) has cited that
magnesium concentration in fresh water ranges between 4 and 10 mg/L.The solubility of
magnesium in water is governed by the pH.For example, magnesium hydroxide is relatively
soluble at pH 7, but gradually becomes less soluble as the pH increases.

4.9 Sodium:

Sodium (Na) is one of the essential cations that stimulate various physiological processes
and functioning of nervous system, excretory system and membrane transport in animals and
humans. According to WHO guideline the maximum admissible limit is 175 ppm, but for
drinking purposes the level should not exceed 100 mg/L. In this study the concentration of
sodium of some sampling points from open water area and villages exceed the desirable limit for
drinking.

Sodium is a metal that usually exists in water as a positively charged ion-half of sodium
chloride (table salt). There exists no national standard contaminant level for sodium, because the
body readily excretes excess sodium. However, a maximum level of 20 ppm is recommended for
people on low sodium diets (WHO, 1984).



4.10 Trophic State Index

The trophic state of a fresh water system is defined by its degree of eutrophication.The
quantities of nitrogen, phosphorus and other biologically useful nutrients are the primary
determinants of a body of water' trophic state index (TSI). Trophic state indices provide a
qualitative assessment of changing lake conditionsrelated to eutrophication. Trophic states of

Inlay Lake are determined according to the nitrogen content of water samples which ware
collected in 2010.

Table (7) Lake trophic status and associated nitrogen, phosphrous, chlorophyll and secchi depths
measurement (adopted from Bachmann et al. 1999)

Secchi depth Total

Lake trophic status P Total N (ng/L) P (ng/L) Chlorophyll
(cm)
(ng/L)

Oligotrophic >4 <400 <15 <3
Mesotrophic 25-4 400 - 600 15-25 3-7
Eutrophic 1-25 600 — 1500 25-100 7—40
Hypereutrophic <1 >1500 >100 >40

Source: WilsonP.C.(unknow year) Water Quality Notes: Water clarity (Turbidity, Suspended Solids and
colour)

Table (8) Trophic status of Inlay Lake

Total N level(ng/L)
Area - Trophic Status Remarks
Mean (Sd) Min Max
Open lake area 657 £360 280 1790 Oligotrophic — Eutrophic
Floating garden 350 £297 560 640 Mesotrophic — Eutrophic
Villages 470 + 408 140 1250 Oligotrophic - Eutrophic
Main Streams 848 + 494 280 1480 Oligotrophic - Eutrophic

According to the trophic state as determined by Total Nitrogen content, most of the
sampling areas fall eutrophic conditions. The fertilizers and pesticides from the floating gardens
and sewage from the catchment are also reaching the lake in addition to sediments and nutrients
causing the lake eutrophic. Nutrients loaded from floating gardens induce the trophic condition
from Mesotrophic to Eutrophic. Although we determined trophic state of the lake based only on
Total Nitrogen contents, the results from this investigation are comparable to the result of Lwin
and Sharma (2012). Since the major occupation of local people is Farming,this is seen as the
main source for the nutrient enrichment which leads to Lake Eutrophication.



5. Conclusions and Recommendations

According to this investigation, the water from Inlay Lake is not suitable for drinking
purposes.It has been evident from our findings that the causes and sources of water pollution and
its eutrophic state in Inlay region are due to anthropogenic activities.The major occupation in the
study area is Farming. This is seen as the main source for the nutrient enrichment which leads to
Lake Eutrophication. Domestic discharges into the river are probably responsible for the
observed high concentration values of electrical conductivity, total hardness and total suspended
solids.

It is recommended that the activities to reduce erosion and sediment inputs should be
implemented within the Inlay Lake catchment, especially in lands adjoining the lake. These
include planting buffers (tree rows, hedgerows, legume crops, and grass strips) along the
contours of agricultural fields, composting wastes to mulch soil and replenish organic matter.
Promoting land management systems that increase surface runoff and may exacerbate surface
erosion should be used with caution. In steeper sites, it may be necessary to implement measures
such as afforestation and reforestation to protect against mass wasting.

The immediate attention should be paid on the problems of sedimentation associated with
the construction and management of floating gardens if the open lake area is to be preserved.
Transportation of depleted floating gardens to lake margins should be prohibited, but
incorporated into near-lake agricultural sites.

According to on-going eutrophication and pollution status within the lake, it is important to
immediately control inputs of chemicals and sediments from within-lake sources and adjacent
wetlands.MyoNaing (2010) stated that the possibility of toxicity in lake water is 57.1% while
100% is found in sediments,therefore, analysis should be made not only on water but on
sediments for further research.Since monitoring is very important for lake conservation like
water quality monitoring which is used as the indicator of lake health and is important for the
assessment of lake diagnosis, continuous monitoring on water quality is needed.Public awareness
is essential in playing vital role in the preservation of Inlay Lake and protection of the health of
the watershed residents.
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