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ABSTRACT 
 

  This study was experiment and survey research, which aimed to describe water 
quality of a modified area around the Kamphaengsaen disposal site, Nakhonpathom 
Province, Thailand. The purpose was to detect the leachate from the disposal site and 
water quality of 32 wells situated in the radius 0.5,1.0 km. around the disposal site. 
Two steps of sampling collection were made. The first step was purposive sampling 
from the whole study area, while the second step was simple random sampling from 
32 examined wells. The study was conducted during August-September 2006 
 
             Characteristics of leachate were averaged as follows: pH 7.20±0.05, TDS 
7,216±719.69 mg/l, BOD5 790.67±68.47 mg/l, COD 1,059.33±224.15 mg/l, Fe 
0.00053±0.00025 mg/l, Mn 0.0046±0.00075 mg/l, Cd 0.0047±0.00085 mg/l, Cu 
0.0022±0.00105 mg/l and Pb 0.0027±0.00161 mg/l. Water quality of shallow wells 
around the disposal site in the radius of 0.5, 1 and >1 km. were found to be in the 
following range: pH 6.42-7.71, conductivity 1,267-5,171.5 µs/cm, turbidity 1.80-
12.50 NTU, SS 1-37.5 mg/l, Hardness 103.33-242 mg/l as CaCO3, BOD5 0.97-4.84 
mg/l, COD 7.10-11.20 mg/l, chloride 93.33-314.5 mg/l, sulphate 1.20-6.23 mg/l, total 
phosphate 0.02-0.14 mg/l and ammonia Nitrogen 0.010-0.057 mg/l as N. 
 
            The results indicate variation of water quality in shallow wells of the observed 
groundwater in a radius up to 1 km. There was no evidence of groundwater 
consumption and usage by communities around the sites. Although quality of 
observed groundwater was still not below the surface water standard level III, the 
relevant  agencies should find a corrective solution for the problem. 
 
KEY WORDS  : CONTAMINATION / SOLID WASTE DISPOSAL / LEACHATE / 

GROUND WATER / PEAMEABILITY / SHALLOW WELL / 
AMPHUR / TAMBON 
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บทคัดยอ 
 

 การศึกษาครั้งนี้  เปนการศึกษาเชิงสํารวจและทดลองเพื่ออธิบายถึงการเปลี่ยนแปลงคุณภาพน้ําใตดิน
บริเวณพื้นที่กลบฝงขยะมูลฝอย  กําแพงแสน จ.นครปฐม โดยศึกษาคุณลักษณะของน้ําชะมูลฝอยที่เกิดขึ้นในพื้นที่
กลบฝงขยะมูลฝอย  และคุณภาพน้ําใตดินบอต้ืนที่ขุดเจาะบริเวณรอบๆ สถานที่กําจัด ในรัศมี 0.5 และ 1 กิโลเมตร 
จํานวน 32 บอ  โดยทําการสุมตัวอยาง 2 ขั้นตอน เริ่มดวยการสุมแบบเจาะจง (Purposive Sampling) เพื่อใหได
ตัวอยางรอบๆ สถานที่กําจัดมูลฝอยทั้ง 8 ทิศ และสุมแบบงาย (Simple Random Sampling) เพื่อใหไดตัวอยาง 
จํานวน 32 บอ ทําการเก็บตัวอยางในเดือนสิงหาคม-กันยายน 2007 
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7.20±0.05, TDS 7,216±719.69 mg/l, BOD5 790.67±68.47 mg/l, COD 1,059.33±224.15 mg/l, Fe 
0.00053±0.00025 mg/l, Mn 0.0046±0.00075 mg/l, Cd  0.0047±0.00085 mg/l, Cu 0.0022±0.00105 mg/l and Pb 
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7.71, conductivity 1,267-5,171.5 µs/cm, turbidity 1.80-12.50 NTU, SS 1-37.5 mg/l, Hardness 103.33-242 mg/l 
as CaCO3, BOD5 0.97-4.84 mg/l, COD 7.10-11.20 mg/l, chloride 93.33-314.5 mg/l, sulphate 1.20-6.23 mg/l, 
total phosphate 0.02-0.14 mg/l and ammonia Nitrogen 0.010-0.057 mg/l as N 
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CHAPTER I 

INTRODUCTION 
 

 

1.1 Statement of the problem 

 

At the present time, the vast quantities of solid waste that our society produced 

has become a serious problem especially in the mega urban areas of development 

countries, such as Thailand. The population is increasing rapidly resulting to 

accelerated arising of solid waste from human activites. However,   the lack of good 

management of municipal solid waste has caused sevious environmental problems. 

 

In Thailand, most of the municipal solid waste is conventionally disposed off 

in the form of open dumping. Quite often, dumping sites are old excavated areas or 

low-lying areas. Therefore, adverse environmental impact from solid waste dumping, 

especially to the surface and groundwater resource nearby the dumping site had been 

effected(1). 

 

Leachate is a toxic wastewater usually created from landfills. It is created when 

garbage is compacted and stoved in landfill cells for many years . It can contain either 

dissolved or suspended material , or usually both. This liquid is most commonly found 

in association with landfills, where rain percolates through the waste and reacts with 

the products of decomposition, chemicals and other materials in the waste to produce 

the leachate. Typically, landfill leachate is anoxic, acidic, rich in organic acid groups, 

sulfate ions and with high concentrations of common metal ions, especially iron. 

Leachate has a very distinctive smell, which is not easily forgotten.  
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The risks from waste leachate are due to its high organic concentrations and 

high ammoniacal nitrogen. Pathogenic microorganisms and toxic substances that 

might be presented in it are often cited as the most important, but pathogenic organism 

counts reduce rapidly with time in the landfill 

 

In the old landfills, the leachate was usually related to the sewers, but this 

caused problems. Originally this contamination is caused by toxic metals that pass 

through the sewage treatment plant and eventually enter the environment. In Europe, 

however, regulations and control have been improved and toxic wastes are now no 

longer permitted to be disposed, off in Municipal Solid Waste landfills. Thus, this 

problem in of most developed countries has largely been solved. Paradoxically, as 

sewage treatment discharges are being improved throughout Europe and many other 

countries, the sewage treatment operators are finding that the very high ammoniacal 

nitrogen concentrations in leachate is difficult to treat. Leachate can also be produced 

from land that was contaminated by chemicals or toxic materials used in industrial 

activities such as factories, mines or storage sites. Composting sites in high rainfall 

also produce leachate. 

 

 Kamphaengsaen disposal site is a private operation contracting to Bangkok 

metropolitan to transport many garbage to this site every day. At the present time  

more than 5,000 tons of garbage/day are collected and disposed of at the site. This has 

been continuously conducted everyday over many operation period. As the result, 

some part of the landfill areas was closed. While new part has been opened for 

operation.  

 

 Suchart Nawagawong et al ; had reported the primary study of the 

environmental impact of the project area (2) by 1988. It means that the project has 

operated for disposal more than 18 years , it is suitable time to study how the effects of 

the disposal management to the nearby area compare to these study. This is , therefore , 

lead to the target of the study. 
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1.2 Research Objectives 

 

1.2.1  To monitor water quality of shallow wells around disposal site . 

1.2.2  To determine characteristic of leachate originated from solid waste. 

1.2.3  To study the contamination level of leachate in surrounding area of the 

disposal site. 

 

 

1.3 Research Hypothesis  

 

1.3.1 Variability of groundwater quality, observed around disposal site 

indicating contamination caused by solid waste leachate. 

1.3.2 Direction of contamination related to flow direction of ground water, as 

well as its contamination levels. 

1.3.3  The short distance have effected from leachate more than long distance. 

 

 

1.4 Scope of the Study 

 

1.4.1 The study aimed to describe shallow wells water quality and possibility 

of leachate contamination around disposal site located at Amphur Kamphaengsaen , 

Nakhonpathom.   

 1.4.2 The Shallow wells nearby the disposal site in the radius of 0.5 and 1.0 

Km. of the disposal site were the sampling sites. 
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1.5 Conceptual Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1  Conceptual  Framework 

 

 

 

Collect the data 
disposal size , hydrology , characteristic of flow part of 

groundwater , geology, source of pollutants  etc. 

Direction’s leachate in disposal size by parameters were analysed 
as pH , TDS  , BOD5  , COD , Fe  ,  Mn  ,  Cd  ,  Cu  &  Pb 

Direction’s water  quality were analysed 
variation of leachate in groundwater 

Direction’s water quality in shallow well 
as 32 wells. 

Direction’s leachate  
as  3  sample 

Comparative water quality in shallow well  as 
pre and post this project  and comparative study the 
flow part of groundwater as distribution of pollutants 
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1.6 Definitions of Keyword 

 

1.6.1 Contamination : Any Physical, biological, chemical or radioactive 

substance in groundwater . 

1.6.2 Solid waste disposal : The final decomposition of solid wastes onto land, 

into the atmosphere , or into the wastes of the state. 

 1.6.3 Leachate  : Leachate is liquid that has passed through or emerged from 

solid waste and contain soluble , suspended or misicle materials removed from such 

waste. 

 1.6.4 Groundwater : Any formation of soil, sand, rock, gravel, limestone, 

sandstone, orther material, or any crevice from which underground water is or may be 

produced. 

 1.6.5 Permeability : The capability of formation to transmit water. 

 1.6.6 Shallow Well : Any hole made in the ground to explore for groundwater 

in deep than 20 meter , to obtain or monitor groundwater , or to inject water into any 

underground formation from which ground water may be produced. 

 1.6.7 Amphur : Amphur Kamphaengsaen in Nakhornpathom Province. 

 1.6.8 Tambon : Tambon Tungbua , Saeseemoom and Kamphaengsaen in 

Amphur  Kamphaengsaen. 

 

 

1.7 Expected Derived Benefits 

 

From the research  ,  the one at anticipate blames to receive to be. 

1.7.1 To know the  modification  water’s quality  around disposal site  

1.7.2 To arrive the contaminated direction of the water eroded the waste in the 

underground water around the disposal site.  

 1.7.3 The research results could be used as basic information for disposal site. 

 1.7.4 To find out the leachate characteristic of a disposal site. 
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CHAPTER II 

LITERATURE REVIEW 
 
 

 

2.1 Amphur Kamphaengsaen 

 

2.1.1 Total Characteristic 

  Amphur Kampheangsan in Nakhornpathom Province is locating far 

from Bangkok by the west about  90  Kilometer. It is covered the area 405.019  square 

kilometer  and  feature 15  Tambon  202  Village  1  Municipality and 15 Organization 

administers the Tambon part.  The people totals up 124,886   by divide is the man 

61,313  and woman 63,573 . The boundary contacts are as follows ; 

 

  The east  :  Trap is Bang-Len  Amphur  , Nakhornpathom Province   

  The west  :  Trap is Ta-Ma-Ka and Panomton Amphur ,  

          Kanchanaburi Province   

  The north  :  Trap is Song-Pee-Nong Amphur , Supanburee Province   

  The south  :  Trap is Moung Amphur   , Nakhornpathom Province   

 

  General topography is  Low  Terrace. The middle terrace environment 

of Amphur Kamphaengsaen will be tall. The height of the area is the average 3-10 

meter  above the  mean sea level. 

 

  The Geology and the Geomorphology of Kamphaengsaen is lying on 

the part of the flood plain under the middle terrace basically . It is from the elluvial of 

the fresh water sediment to the result water and the brackish water. The sediment has 

anticipated happening by the age of Late Quaternary about 1-3 for million years ago. 
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  The sediment has characterized as Old Alluvial Fan , Colluvium  and  

Old  Flood Plain Depositting high and low terrace. The size of the sediment were 

gravels ,  sands , silts  and might have  laterite  mixed up. 

 

  Geomorphology  can  explain Amphur Kamphaengsaen as Low Terrace 

of Jao-Phra-Ya river. It is presented of the west of Nakhornpathom Province. The 

altitude of the low terrace is above the mean sea water level 3-10 meter. The feature 

below is showing the deposition of the sedimentation. 

 

 

 

 
 

 

Figure 2.1  Geology in Amphur Kamphaengsaen 
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2.1.2 Soil and The material of soil 

  Amphur Kamphaengsaen are in the soil beposited in different character, 

most then are depositer by transported .  It is appropriate the farm produce growing.  

 

The figure below is showing for the result from the allurial of the fresh 

water sediment and the brackish water in low terrace and high terrace of 

Nakhornpathom Province. 

 

 

 
 

Figure 2.2  Cross section of Geology in Amphur Kamphaengsaen 

 

 

2.1.3 Climate  

  The Climate of Amphur Kamphaengsaen , Nakhornpathom Province 

are characterized into 3 season as indicated as ; 

   - Summer   starting from February until July 

   - Rainy season starting from August until September 

   - Winter season starting from December until January 
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2.1.4 Hydrology 

  2.1.4.1 Surface water 

   Nakhornpathom Province , by nature , it is a plenty of water  but 

the east of a province is the low-land basically of Tha-Jean river or Nakhornchaisri 

river.  

 

 

  2.1.4.2 Ground water 

   The underground water of Nakhornpathom Province is assumed 

to use adequately all year. The quantity of use depends on used and the depth of wells. 

The underground water is deposited in the alluvial soil in which contained by gravels 

from water transportation. The depth of this soil is assumed 1,000 meter and 

decreasing depth when leave North respectively. 
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2.2 Sanitary  Landfill 

 

Sanitary landfilling is the most widely used and most economical disposal 

method known today. A sanitary landfill operation requires no expensive physical 

plant , has low labor costs, involves standard construction equipment, and is the only 

final disposal method in present used. However, Unfavorable public opinion resulting 

from experiences with improperly operated fills, decreasing land availability 

(especially in urban areas), and the potential for surface and groundwater pollution 

from a landfill must be regarded as serious obstacles to sanitary landfilling. 

 

A Sanitary landfill is a solid waste disposal  facility  where refuse is placed at 

the greatest possible density (in the smallest possible space) for final deposition; no 

open burning , no water pollution , and daily cover of deposited refuse with earth are 

requisites of the method. The technique of sanitary landfilling is everywhere generally 

the same , there are three variations in refuse placement currently used in the United 

States: the trench method , the area method, and the ramp method 

 

2.2.1 The Trench Method. In the trench method of sanitary landfilling, a long  

narrow excavation is made in the earth and the soil removed from this excavation is 

stockpiled. Waste are then deposited at one end of the excavation on a sloped end of 

the trench. The refuse is spread on a rather shallow inclination (usually about 3 

horizontal to 1 vertical), and then compacted by the placement/compaction equipment 

used at the site. At the end of the day’s operation, the compacted layers of refuse are 

covered by a layer of soil taken from the stockpile of material removed in the original 

excavation. When the entire trench has been filled with refuse, a thicker final cover 

layer is placed over the completed deposit of refuse. (Figure 2.3)   

 

The trench method is most suitable method where the underground water is the 

significant parameter to indicate the environment suitability. 
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The length and depth of the trench itself are variable from site to site ; the 

width of the trench , however, is generally limited to a width approximately equal to   

1 1/2  times the width of the blade of the excavation equipment bulldozer or the bucket 

of the loader used in creating the original trench and in spreading and compacting the 

refuse in the trench. 

 

2.2.2 The Area  Method.  The area method of sanitary landfill means , in 

contrast to the trench method , refuse is dumped on a undisturbed existing ground 

surface; the only prior operation in the area-method landfill may be surface removal  

of  top  soil and highly organic  material (humus) suiTable for final cover. After the 

refuse is dumped from collection and transportation  vehicles, it is spread over the 

ground surface in a uniform layer and then compacted to a higher density. The 

compacted layer of refuse is covered with soil at the end of an operational day or when 

the deposition area is filled. When the final layer of refuse has been placed and the 

entire site filled, a final cover layer of greater thickness is placed over the completed 

fill. Generally , in area-method landfills , the cover soil  is  transported onto the site 

from another location. (Figure 2.4)   

 

 The area method is used where the groundwater table is at or near the surface 

and on site where the terrain is rough and irregular. The size of working face in the 

area method is an important consideration for the overall success of the operation. The 

operation face should be large enough that no unnecessary delays for collection or 

delivery vehicles are caused; long lines of trucks waiting to dump their loads of refuse 

at a too-small operating face create an uneconnmical  operation. Hower, the operating 

or working face should not be so large that difficulties arise with blowing paper and 

litter, or the occurrence of disease vectors such as rats and mice, or other similar 

problems associated with poor control and management of the landfill site. Thus, the 

size of the working face will depend upon such operational  variables as the site 

topography, the direction and velocity of prevailing winds, the quantities and 

characteristics of the refuse being brought to the site, and the other factors. 
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2.2.3 The Ramp Method. The ramp method is a hybrid technique combining 

features of both trench and area method of landfilling . Before refuse deposition is 

begun, a small excavation is made in front of the proposed face on an existing slope . 

The soil removed in this excavation is stockpiled nearby. Refuse is then deposited on 

the face of the slope, spread and compacted by standard landfilling equipment , and 

then covered with the soil which had been stockpiled from the preceding 

excavation.This process is repeated again and again at the face of the newly created 

slopes so that a succession of slopes are produced in a line across the landfill site. 

Because of this successive technique, the ramp method has also been called the 

‘progressive slope’ method 

 

The same general consideration for size of working face are applicable in the 

ramp method as are applicable in the area method. 

 

At any one given landfill site , it is possible that more than one of the filling 

techniques will be used at the same time; used of more than one method of filling at 

the same site generally is associated with irregular or broken terrain (3). 

 

 

 
 

 

Figure 2.3  Trench  method of sanitary landfill (4). 
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Figure 2.4  Area method of sanitary landfill  (4). 

 

 

 

 

 
 

Figure 2.5  Ramp method of sanitary landfill  (4). 
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2.3 Kamphaengsaen disposal site 

 

Kamphaengsaen disposal  site is usually filled up everyday. The disposal site 

can manage by covering cell by cell were embedded the foreign countries. Size of cell 

area is different , generally , there will be the width size about  50-100 meter and long 

100-300 meter. In one cell can cover up about 3-7 day. Kamphaengsaen disposal size 

is operated by trench method and area method as shown in figure 2.6 

 

 

 
 

Figure 2.6  Steps of  Kamphaengsaen disposal site(5). 

 

 

From figure 2.6 to find Kamphaengsaen disposal site used trench method and 

area method  by  cover  2  shelf.  
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Garbage’s truck 

 

Weight station 

 

Waste transportation 

 

Dumping size 

 

Spread and press 

 

Covered with soil 

 

 

Figure 2.7   Disposal step of  Kamphaengsaen disposal site 

 

 

  Figure 2.7  Showing the step how the garbage was carried , the garbage 

were transported by 18 wheels carry waste from Tha-Rang and Nongkhaem Waste 

transportation to disposal site and share by the weight about 50 tons/each. The garbage 

was poured at Transfer Station ascent area environs buries to disposal site . Excavator 

dig garbage into off-road end-load size 30 tons and carry to disposal site . The big 

bulldozer was grade down any garbage and grade compactor to cover up. The latitude 

about 2-3 meter to cover up by clay soil about 15-30 centimeter and grade down again 

before manage first start cover up in other cell.  By have the rubbish quantity from 

Bangkok transportation separate yearly and monthly (6) as shown in Table 2.1 & 2.2 
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Table  2.1   Garbage’s yearly  quantity of Bangkok   

 

Waste  transportation 

Saimai Nongkhaem 
On-nuch 

(Wrapping) 

On-nuch 

 (Compost) 
Years 

Garbage’s 

quantity 

(tons) 

Garbage’s 

quantity 

(tons) 

Garbage’s 

quantity 

(tons) 

Garbage’s 

quantity 

(tons) 

Total 

(tons) 

2546 838,886.77 735,529.93 1,201,191.28 0.00 2,775,607.97

2547 780,279.75 1,313,054.63 0.00 0.00 2,093,334.38

2548 882,466.81 1,220,673.71 490,967.81 126,826.72 2,720,935.05

2549 681,280.76 1,227,248.15 830,238.84 319,492.14 3,058,259.89

2550 326,686.93 501,238.17 345,583.48 181,126.91 1,354,635.49
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Figure 2.8  Graphs to show Garbage’s yearly quantity of Bangkok   
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Table  2-2   Garbage’s monthly  quantity of Bangkok , 2007 

 

Waste  transportation 

Saimai Nongkhaem 
On-nuch 

(Wrapping) 

On-nuch 

 (Compost) 
Month/year 

Garbage’s 

quantity 

(tons) 

Garbage’s 

quantity 

(tons) 

Garbage’s 

quantity 

(tons) 

Garbage’s 

quantity 

(tons) 

Total 

(tons) 

Jan , 2007 53,542.97 102,876.13 61,764.07 34,747.61 252,930.78

Feb , 2007 55,516.72 94,870.27 57,495.68 31,954.04 239,836.71

Mar, 2007 62,711.47 62,141.11 64,999.18 35,163.30 225,015.06

April , 2007 60,459.49 100,529.38 62,546.82 33,244.05 256,779.74

May , 2007 71,926.75 111,916.00 75,408.25 34,627.88 293,878.88
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Figure 2.9 Graphs to show Garbage’s monthly quantity of Bangkok , 2007 
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2.4 Leachate 

 

Leachate  is generated when water enters the refuse in a landfill, extracts 

contaminated into the liquid phase, and produces a moisture content suffcienty high to 

initiate liquids flow. Leachate can be generated to high original moisture in waste , 

such as sludge and wet waste materials (7). Also, sources of moisture entering the 

landfill include liquid present in the refuse at placement , precipitation falling on 

refuse at placement and infiltration after cover application and instruction of 

groundwater from outside into the landfill (8). 

 

2.4.1 Leachate  Generation  

 

When the deposited wastes in a sanitary landfill had degraded , the 

decomposition productions may be removed from the landfill site by migration water. 

The suspended and dissolved solids in the migrating water transformed it from a 

harmless fluids to a leachate which has all of the characteristics of a strong 

induswastewater 

 

A generalized pattern of leachate formation is presented in figure 2-10. 

the components shown in clued the following steps (8) :   

1)Precipitation  falls on the landfill and some of it become runoff 

2)Some of Precipitation infiltrates the surface (uncovered refuse, 

intermediate cover , or final cover). 

3)Some of infiltrates evaporates from the surface and (or) transpires 

through the vegetative cover if it exists. 

4)Some of I may make up a deficiency in soil moisture storage the 

difference between field capacity and the existing moisture content) 

5)The remainder of infiltrates , after evaporates , transpires , and soil 

moisture storage have been satisfied , moves downward froming percolate arid 

eventually leachate as it reaches the base of the landfill. 

 

 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Appro. Techn. For Resou. And Env.) / 19 

Precipitation 

6)Percolate may be augmented by infiltration of groundwater. The 

procedure used to analyze these process is referred to as a water balance, various 

forms of which are commonly used for the simulation surface water hydrology. 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.10  A generalized pattern of leachate formation (8). 
  
 
 
  The characteristics of this material will be discussed in detail in the 

following section describing the by-products of sanitary landfilling. The production 

and migration of leachate from a landfill site may be controlled and eliminated in a 

number of ways. As mentioned above in the case of gases which are generated in a 

landfill , the production of leachate may be limited by selecting what goes into the 

landfill site. If only innocuous materials which would not be subject to decomposition 

were allowed to be decomposited in a landfill site. 
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2.4.2 Factor influencing leachate generations 

 

  Preparing a water balance on the landfill can assess the amount of 

leachate generated. The water balance involves summing the amounts of water 

entering the landfill and subtracting of water consumed in chemical reactions and the 

quantity leaving as water vapor. Basic factor influencing leachate generations are  

- Climatology of the area 

- Topography 

- Soil  

- Hydrogeology of site 

- Final and vegetation cover 

- Type of waste materials in the landfill (7) 

 

The generated leachate will migrate and contaminate to subsurface 

waters when confining barriers beneath or surrounding the landfill are absent or 

inadequate. 

 

 

2.4.3 leachate characteristics 

 

  Leachate composition and strength varies widely from landfill to 

landfill. The leachate characteristic depend upon many factors, such as solid waste 

composition ,  operation of the landfill , Climate , landfill  age, hydrogeology 

conditions and conditions within the landfill such as chemical and biological 

activities , moisture content, temperature , pH  and the degree of stabilization 

 

  Ehrig (9)  also reported the organic contents of leachate are depend 

upon the kind of decomposition condition (aerobic , anaerobic acetic production or 

anaerobic methane production). With anaerobic acetic production the volatile fatty 

acid produced in the leachate have a high COD and BOD5 . In  the following methane 

production phase these acids are converted to CO2 and CH4 with low organic leachate 
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contents. The concentration of some inorganic components, such as Fe and Ca, are 

parallel as a result of changes in pH. 

 

  The composition of leachate will vary greatly depend on the age of 

landfill and the time of sampling. In the early states of the decomposition of waste are 

aerobic biodegradation takes place. On account of the high compression of the waste 

the oxygen input from the atmosphere is not sufficient to compensate the oxygen 

demand of the microorganisms,  so that anaerobic condition arise. This causes a 

change of the biocenosis from aerobic to facultative anaerobic and later on to obligate 

anaerobic microorganisms. Therefore , because of the more rapid growth of the 

facultative bacteria, the deposit comes to the so-called phase of acid fermentation, 

which last about three to seven years according to the way of setting the wastes. Large 

quantities of organic material dissolve in the percolating water, result high organic 

concentration in the leachate as measured by high COD and BOD5 concentration. The 

pH of the leachate will often drop to a value of 5 or lower because of the presence of 

organic acids and the elevated concentrations of carbondioxide (CO2) within the 

landfill. The BOD5/COD rations in the range of 0.4 to 0.6 are taken, as indication that 

the organic matter in the leachate is readily biodegradable. 

 

  After a period of seven to nine year the biocenosis reached a sTable 

state that were affected by the increasing number of methaneogenic bacteria, the so-

called methanogenic phase. The organic matters of the leachate decrease rapidly. The 

pH with in the landfill will rise to more neutral values in the range of 6.8-8.0 . Further, 

leachate exhibits low of BOD5/COD rations in the range of 0.05 to 0.2. The ratio drops 

because leachate from mature landfills typically contain humic and fulvic acids which 

are not readily biodegradable (10,11) 

 

Leachate contaminant concentrations decrease as the landfill gets oder. 

Nonetheless, there are many constituents in the waste that can be leached, even many 

years after a landfill is closed. 
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Tchobanoglous G. (11) tabulated the representative data on the 

characteristics of leachate composition for both new and mature as shown in Table 2.3 

 

Table 2.3 Typical data on the composition of leachate from new and mature landfills. 

 

Value , Mg/l 

New landfill size 

(less than 2 years) 
Constituent 

Range Typical 

Mature landfill

(greater than 

10 years) 

 

BOD5 (5-day biochemical oxygen demand) 

 

2,000-30,000 

 

10,000 

 

100-200 

TOC (total organic carbon) 1,500-20,000 6,000 80-160 

COD (chemical oxygen demand) 3,000-60,000 18,000 10-500 

Total suspended solids 200-2,000 500 100-400 

Organic nitrogen 10-800 200 80-120 

Ammonia nitrogen 10-800 200 20-40 

Nitrate 5-40 25 5-10 

Total phosphorus 5-100 30 5-10 

Ortho Phosphorus 4-80 20 4-8 

Alkalinity as CaCO3 1,000-10,000 3,000 200-1,000 

pH 4.5-7.5 6 6.6-7.5 

Total hardness as CaCO3 300-10,000 3,500 200-500 

Calcium 200-3,000 1,000 100-400 

Magnesium 50-1,500 250 50-200 

Potassium 200-1,000 300 50-400 

Sodium 200-2,500 500 100-200 

Chloride 200-3,000 500 100-400 

Sulfate 50-1,000 300 20-50 

Total iron 50-1,200 60 20-200 

 

 
Note : Expect pH, which has no units. 
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Several  research in this field including Thai  and foreign have attempted to 

investigate leachate characteristic and contamination in environment caused by landfill 

over a different period of time 

 

Leachate from municipal landfill is known to contain large quantites of organic 

matter (as biodegradable and non-biodegradable carbon) , ammonia-nitrogen, toxic 

metal , chlorinated organic and inorganic salt (12).  The characteristic of leachate 

sample collected from the different municipal landfills have been summarized and 

shown in Table 2.4 

 

Table 2.4  Characteristic of leachate samples (7,13,14,15,16) 

 
 

Parameter 

 

Metry 

 

Robinson (13) 

 

Pattamapirat 

 

Thapanandara 

 

Oman 

(mg/l) (7) 
Recent 

wastes 

Aged 

wastes 
(14) (15) (16) 

       

pH 3.7-8.5 6.21 7.45 7-8.6 8-8.1 - 

BOD5 - 11,900 260 178.2-1,881.1 268-493 910 

COD 803-50,715 23,800 1,160 986.7-9,214.6 4,147-6,380 2,100 

TS - - - 3,275-21,541.6 12,110-12,425 - 

SS - 539 101 81.9-2,732 174-187 - 

NH3-N 2.1-177 790 370 1975-1,758.3 543.2-561.9 370 

Organic-N 8-482 10 10 101.2-440.3 - - 

TKN - - - 298.7-2,198.6 - 420 

Chloride 47-2,340 1,315 2,080 - - 1,200 

Phosphate 2.0-130 0.73 1.4 18.4-69.5 - 0.071 

TP - - - - - 3.9 

Ni 0.15-0.81 0.57 0.09 - - - 

Cd - 0.031 0.008 - - - 

 

Note : Expect pH, which has no units. 
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 According to table 2.4, leachate from municipal solid waste landfills 

contain high concentration of organic matter and ammonia nitrogen (NH4-N) than 

those of municipal wastewater. It may cause toxicity and/or odor problems during the 

treatment process. The discharge of effluents containing nutrients like nitrogen and 

phosphorus are the primary cause of eutrophication in the receiving waters. Therefore, 

complete nutrient removal is also necessary where the receiving water is a water 

supply source. 

 

 

2.4.4 The motion of the leachate in the stratum layers of the soil 

Leachate on the surface can flow to seep to Unsaturated  Zone , first. 

This zone is important medium in the prevention does not give a pollutiants flowing to 

groundwater. When exchangeability might cause with the ion pollutant  , 

Permeability , Fitration , Precipitation  to collection disintegrate or absorb in soil (17). 

 

 

2.4.5 Characteristic of soil 

 Unsaturated  zone 

Unsaturated  zone  is layer of soil between layer of disposal site . 

Deep of layer is variable 0-50 meter  

When exchangeability might cause with the ion pollutant between 

substance of  leachate  with soil might be Cation  Exchange  Capacity ,  CEC (17). 

 

 Aquifer  Zone 

Aqufer Zone is Laminar  Flow to speed  1.5 meter/year to 1.5 

meter/day. Pollutants can deep into groundwater and concentration of pollutants can 

be diluted by ways and times.  

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Appro. Techn. For Resou. And Env.) / 25 

2.5 Relevant  research 

 

Nawagawong and et. al ; (2) had studied the permeability of soil in 

Kamphaengsaen disposal site Nakhornpathom Province . They found the permeability 

qualitied as follows. 

 

Deep-level (meter) Type of soil Permeability (cm./Sec) 

1-5 Clayey  Sand 0.33 X 10-4 

5-11 Stiff  Clay 5.25 X 10-6 

11-12.45 Silty  Sand 7.08 X 10-7 

> 12.45 Fine to Coarse  Sand 7.20 X 10-6 

 

Chanwiwit. et. al ; (17) describe the contamination of leachate from shallow 

well and Groundwater in radius 12 Kilometer of disposal size Hadyai Amphur.  The 

study found that the contaminated in shallow well around disposal site were  most 

quantity .Polutants were found as Choride , Sulfate , Ammonia , Nitrigen , Iron , 

Manganese , Lead , Cadmium and Bacteria . Groundwater not found contaminated. 

 

Sresathit.(18) describe the contamination of Heavy Metals in Sediment in pond 

rests of leachate from On-nuch disposal site. The study found that the contaminated of 

Hg , CD and Mn were average 2.377, ND and 311.0 µg/g and Nongkhaem disposal 

site were average 0.633 , ND  and  845.8   µg/g  , respectively.  

 

Tangkongsap.(19) studied on situation of the contamination of lead and 

cadmium in soil, water and plants from a sanitary landfill of Muang District, 

Suphanburi Province . The study found that the leachate was contaminated with lead 

and cadmium ranging from 4.080-76.253 and 0.440-10.880 micro g/l respectively. 

Lead and cadmium dispersion direction were toward the east and south of the sanitary 

landfill site, The construction of cadmium and lead were lower than the maximum 

allowance contaminations in soil a promulgated by U.S. EPA and the average 

concentrations of lead and cadmium in water were 5.131 and 0.565 micro g/l 

respectively. The contamination and dispersion of lead and cadmium within the 



Nusanat  Kamsuka  Literature Reviews / 26 

sanitary landfill were found only in the top soil (0-15 cm) and the ground water in 

monitoring result that there level were lower than standard of ground water.   

 

Kayandee.(20) .describe the contamination of leachate from solid waste 

disposal site of Khon Kaen city municipality to groundwater . The result showed that 

quantities of pollutants had the direction of flow from West to north and East to South 

groundwater flow direction. Pollutants in leachate were found Fe, Mn and Pb 

movement into groundwater far away from landfill about 350 meter and about 40 

meter in wells from West to South. Contamination was found in shallow well no more 

than 20 meter. The concentration of Fe and Mn were lower than groundwater standard 

level (Industry Depart,1978). The  Value of Pb , Cu and Cd were over standard level 

but still in limited of allowance level.    

  

Jampanil.(21)  studied the contamination of organophosphate and carbamate in 

soil and groundwater at Tha Phra aera Khon Khen province. The result showed that 

quantities of ground water were lower than groundwater standard level (Industry 

Depart,1978) .Not found the pesticides in groundwater. The groundwater quality 

showed that fresh water in center of study area, brackish water and total hardness in 

north , south , west and south-east. The groundwater in some area not suitable for use 

by human.  

 

Rahotarn.(22) studied the survey and evaluated the severity of leachate 

contamination to surface and groundwater source at disposal site on Provincial 

Administration of Nonthaburi. In the survey and assessment of severity of leachate 

contamination , It was found that the leachate were contaminated with heavy metals 

particularly nickel and lead whose detected concentrations were significantly high and 

imposed potential risk to groundwater. The groundwater flow pattern was in the 

combination of vertical and lateral movements with relatively low velocities of 5.9 X 

10.6-6 cm/sec. 
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CHAPTER III 

MATERIALS AND METHODS 
 

 

  This study was an experiment and surveying research around 

Kamphaengsaen disposal site , Nakhonphathom Province. The chapter explained the 

materials and method which was conducted by studying the variation of water’s 

quality around disposal site and describe as 

 

• Basic information the study area, including locations of shallow 

wells and chemical and physical characteristic of  leachate 

• Variation of water quality in shallow wells at pre and post 

operation of the project. 

• Correlation between position of shallow wells with different  

water quality and  flow direction of groundwater  

• Location of sampling site as indentified by the global position 

system (GPS) in the relation to flow direction of contaminated 

groundwater 

 

 

3.1 Research  design 

 

This study was an experiment and surveying method. They describe the 

variation of waste quality around the disposal site of Amphur Kamphaeng , 

Nakhonpathom province. The water quality of the shallow wells in radius 0.5 , 1.0 km. 

from the centre of the disposal operation site monitored. 
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3.1.1 Leachate study 

 The leachate samples of Kamphaengsan disposal site were collected 

and analysed to investigate the characteristic of their water quality. Three samples of 

leachate water were collected from 3 different location as shown in Figure 3.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 The location of collected leachate. 
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 3.1.2 The quality of shallow water well. 

  Due to the hypothesis , It is assumpel that the underground water in the 

shallow wells nearby the disposal site were impacted by the leachate ; therefor , the 

water of the shallow well of 0.5 and 1.0 kilometer radius were collected ( Figure 3.2)  

 

3.2 Population and Sample 

3.2.1 Population     

Shallow wells around disposal site in radius 0.5, 1.0 Km. 

 

 3.2.2 Sample 

Sample were sampling from all applicants applied to study water 

quality as shallow well around disposal site in radius 0.5, 1.0 Kilometer ; in the case 

the examining 32 wells were collected by the reasons below : 

• The group of pollutants can move naturally by the distant radius 

from  disposal  site 0.5 kilometer. 

• The group of pollutants can move naturally by the distant radius 

from  disposal  site 1.0 kilometer. 

 

3.2.3 Sample  Size 

Two steps of collecting of sample were made , the first was purposive 

sampling the whole study  area  for examined in 8  direction  as 

- The  north 

- The south 

- The east 

- The west 

- The northeast 

- The southeast 

- The southeast 

- The southwest 

 

 



Nusanat  Kamsuka  Materials and Methods / 30 

and the second the sampling was randomized from the whole study area 

in Tung Bua , Sraseemoom and Kamphaengsaen subdistrict. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2  Map showing the water sample locating in the study area 
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3.2.4 Frequency & Sampling Duration 

 

All samples were collected during August 2006. Physico-chemical 

parameters of water samples including leachate samples and 32 shallow wells from 0.5 

and 1.0 km. radius were analyzed 

 

 

3.3 Investigation variable 

 

3.3.1 Leachate charecteristic 

(1)  pH 

(2)  TDS 

(3)  BOD5 

(4)  COD 

(5)  Fe 

(6)  Mn 

(7)  Cd 

(8)  Cu 

(9)  Pb  

 

3.3.2 Water well characteristic 

(1)  pH 

(2)  Conductivity 

(3)  Turbidity 

(4)  SS 

(5)  Hardness  as  CaCO3 

(6)  Chloride 

(7)  BOD5 

(8)  COD 

(9)  Sulphate 

(10) Total Phosphate 

(11) Ammonium  Nitrogen  
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  The preservation and method of analysis of water samples were 

conducted following method despicted in Standard Method for Examination Water 

and Wastewater (23).  

 

For heavy metal analysis, prior to concentration determination, samples 

were digested with microwave digestion as suggested by APHA et al.(24) 

 

Table 3.1   Analytical methods for water quality  (25) 

 

Parameter Method 

pH pH  Meter 

Conductivity Conductivity  Meter 

Turbidity Spectrophotometer 

Total  Suspended Solid (TSS) Gravimetric  Method 

Total  Dissolve  Solid (TDS) Gravimetric  Method 

Hardness as CaCO3 EDTA Titrimetric Method 

Chloride Argentometric  Method 

BOD5 Azide  Modification 

COD Dichromate Closed Reflux 

Sulphate Turbidimetric  Method 

Phosphate , Total Ascorbic  Acid  Method 

Ammonium Nitrogen Nesslerization  method 

Fe Microwave Digestion - ICP 

Mn Microwave Digestion – ICP 

Cd Microwave Digestion – ICP 

Cu Microwave Digestion – ICP 

Pb Microwave Digestion - ICP 
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Pollution Control Department , Bangkok ,Thailand.(2539) Fix the leachate 

quality and groundwater quality index for careful the leachate contaminated eroding 

the groundwater  as shown in Table 3.2 

 

Table 3.2 Parameters  analysed  for leachate and water quality charecterization (23) 

 

Index 
Water sample 

General of index Contamination of index 

Leachate / 

Water effluent 

pH , Alkalinity , SS , TDS         

BOD5 , COD , Chloride , N , P 

Cr , Cd , Cu , CN , Pb , Hg , 

Fe , Mn , Zn , Ni 

Groundwater pH , Alkalinity , TDS , 

Chloride , Hardness , Fe , Mn 

Cr , Cd , Cu , CN , Pb , Hg , 

Zn , Ni 

 

 

3.4  Materials and equipment 

 3.4.1  Equipment was  water sample as   Polyethylene  size 1 liter  

 3.4.2  Equipment used 

  - pH  Meter 

  - Microwave   Digester 

  - Spectrophotometer 

  - Inductively  Couple  Plasma  Spectrometer  (ICP) 

  

  

3.5 Collecting method 

 

 The study aimed to describe the changed of water quality  and manage 

to introvert a kind for analyse  as 

 3.5.1 At each leachate sampling site , water samples were collected 

using grab water sampling and acidified with 1 ml of concentrated HNO3 (26). All 

bottles were placed in an ice box during transporation to the laboratory. Then the 

water samples were transferred into the refrigerator at 4oC until analysis. 
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 3.5.2 Groundwater samples were collected for contamination index and 

the general index by draw water goes up from the shallow wells about sporadically    

5-10 min.  Pipe will not be able to introvert a water kind for the groundwater samples 

at be unfinished fluently.  Water samples were collected from shallow well in radius 

0.5, 1.0  Kilometer around disposal site for examined 32 wells in 3 Tambon as  Tung 

Bua , Saseemoom and Kamphaengsaen  

 

 3.5.3 The analysed was carried out in the laboratory at the Faculty of 

Environment and Resource Studies, Mahidol University 

 

 

3.6 Data  Analysis 

 

 Details of analysis are as follows. 

 3.6.1Contamination index was described as Percentage  (%)   

 3.6.2Contaminated of leachate , groundwater were described as Mean Average 

(X) and Standard Deviation (S.D) and comparison with the wastewater quality 

standard. 

 3.6.3Analysis of motivation diffentiation in study in contaminated index , 

shallow well , radius and quality shallow well data before this project by making 

comparison the average differences of two groups of the sample by % CV and t-test. 
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CHAPTER IV 

RESULTS AND DISCUSSION 
  

 

 This chapter showed the results of the leachate characteristic determination, as 

well as water quality of shallow well around Kamphaengsaen disposal site  

 

 

4.1 Permeability of soil in study area 

 

 From the research of Nawagawong et.al (2)had explained the permeability of 

soil at Kamphaengsaen disposal site in veration to 4 different types of soil as shown in 

Table 4.1 

 

Table 4.1  Permeability of soil in study area compare with type of soil. 

 

Type of soil Permeability 

Clayey  Sand 0.33 X 10-4 cm./Sec 

Stiff  Clay 5.25 X 10-6 cm./Sec 

Silty  Sand   7.08 X 10-7 cm./Sec 

Fine to Coarse  Sand 7.20 X 10-6 cm./Sec 

 

  

 When use permeability of soil in study area to research the contaminate how 

leachate from disposal site, can seep out by types of soil. It found that the leachate had 

characterized as shown in Table 4.2 
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Table 4.2  Permeability of soil and pollutants flow in study area. 

 

Depth 

Level 

(meter) 

Type of soil 
Permeability 

(km/year) 

5 time of 

pollutants flow 

(km/year) 

pollutants 

flow 

(km/ 18 year) 

0-5  Clayey  Sand 0.0104 0.052 0.9366 

5-8 Stiff  Clay 0.0017 0.0085 0.1497 

8-11 Silty  Sand 0.0002 0.001 0.0201 

>11 Fine to Coarse  Sand 0.0023 0.0115 0.2044 

 

 

 However, Chanwiwit (17) had studied how the leachate can seep into the 

environment, she found that leachate from disposal site can seep out about 5 times of 

permeability of soil. Thus, if used the data of Chanwiwit (17) be as the standard, it 

found that leachate from Kamphaengsaen disposal site can seep out as shown in 

columns 4 in Table 4.2. 

 

 It found that leachate can go the farthest about 0.052 km/year. While, 

Kamphaengsaen disposal site had operated more than 18 years , Thus leachate can 

seep out the farthest 0.9366 km/year by clayey sand types and the other were different  

as shown in column 5 in Table 4.2. 

 

 Although , water’s quality in shallow monitering well from the study will 

haven’t affect from leachate but some signal can explained the variation of water’s 

quality, Especially, quality of Ammonia nitrogen had gone up in shallow monitering 

well. Thus, There should be the research and take care monitering.  
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4.2 Characteristic of leachate 

 

 The landfill leachate used in this study was obtained from Kamphaengsaen 

disposal site. It was black in color and was very strong in odor. The characteristic of  

leachate in disposal size were presented in Table 4.3 

 

Table 4.3  Characteristics of the leachate samples. 

 

Leachate sample 
Parameter Unit 

Min Max 
Mean±SD 

pH - 7.15 7.25 7.20±0.05 

TDS mg/l 6,458 7,890 7,216±719.69 

BOD5 mg/l 718 854 790.67±68.47 

COD mg/l 840 1,288 1,059.33±224.15 

Fe mg/l 0.0003 0.0008 0.00053±0.00025

Mn mg/l 0.0039 0.0054 0.0046±0.00075 

Cd mg/l 0.0038 0.0055 0.0047±0.00085 

Cu mg/l 0.0011 0.0032 0.0022±0.00105 

Pb mg/l 0.0012 0.0044 0.0027±0.00161 

 

 

 The value of the pH were 7.20±0.05 and the concentration of heavy metal 

including as Fe, Mn, Cd, Cu and Pb were 0.00053±0.00025 mg/l, 0.0046±0.00075 

mg/l, 0.0047±0.00085 mg/l, 0.0022±0.00105 mg/l and 0.0027±0.00161 mg/l, 

respectively. It could see that the initial value of pH and the concentration of  heavy 

metal was lower than the wastewater quality standard (28) . 

 

 The value of  TDS , BOD5 , COD were 7,216±719.69 mg/l, 790.67±68.47 mg/l 

and 1,059.33±224.15 mg/l, respectivety , The value was higher than the wastewater 

quality standard (28). 
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 However , the remained  value of  pH and the concentration of  heavy metal 

did not exceed wastewater quality standard. The remaining parameters,  TDS, BOD5, 

COD were, however , above the wastewater quality standard (28). 

 

 When compare BOD5 and COD value with Pattamapirat, Thapanandara and 

Oman (14-16) found that BOD value is similar but COD value is difference. COD was 

lower the other study because it might be the study area was closed.  

 

 

4.3 Physico-chemical Characteristic of water samples.  

  

 4.3.1 The distribution of the water samples. 

 

  The sampling station were located in tambon Tungbua, sraseemoom 

and Kamphaengsaen as shown in Figure 4.1, while locating of the water sampling sites 

specified by Global Position System (GPS) were in Table 4.4.  
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Figure 4.1   Map showing the water sampling location from the study area. 
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Table 4.4  Global Position System  (GPS) of water samples. 

 
Filed UTM 

Order 
Station Moo Tambon X co Y co 

1 Ban Tung-Kway-Hai M.1 Tung-Bua 604132 1551560 

2 Ban Nong-Som-Khuan M.2 Tung-Bua 603974 1552234 

3 Ban Nong-Fuk M.1 Tung-Bua 603900 1551444 

4 Ban Nong-Fuk M.2 Tung-Bua 604404 1550222 

5 Ban Tung-Som-Bat M.1 Kamphaengsaen 604764 1551753 

6 Ban Tung-Som-Bat M.1 Kamphaengsaen 605176 1550846 

7 Ban Tung-Cha-rean-Tong M.11 Kamphaengsaen 606104 1552488 

8 Ban Tung-Som-Bat M.1 Kamphaengsaen 604527 1551724 

9 Ban Tung-Cha-rean-Tong M.11 Kamphaengsaen 605280 1552124 

10 Ban Nong-Som-Khuan M.1 Tung-Bua 603529 1552615 

11 Ban Nong-Som-Khuan M.1 Tung-Bua 603552 1553416 

12 Ban Nong-Som-Khuan M.1 Tung-Bua 603540 1552998 

13 Ban Tung Prue M.1 Tung-Bua 602739 1551792 

14 Ban Tung Prue M.1 Tung-Bua 602934 1551179 

15 Ban Tung Prue M.1 Tung-Bua 602722 1552575 

16 Ban Tung Prue M.4 Tung-Bua 602297 1551545 

17 Ban Tung-Kway-Hai M.2 Tung-Bua 603780 1551780 

18 Ban Tung-Kway-Hai M.4 Tung-Bua 603058 1552248 

19 Ban Tung-Bua M.2 Tung-Bua 601548 1551685 

20 Ban Tung Prue M.4 Tung-Bua 602208 1551218 

21 Ban Nong-Pong-Lek M.1 Sraseemoom 604735 1554191 

22 Ban Nong-Som-Khuan M.10 Tung-Bua 604150 1552780 

23 Ban Tung-Cha-rean-Tong M.11 Kamphaengsaen 604972 1552853 

24 Ban Tung-Cha-rean-Tong M.11 Kamphaengsaen 605095 1552654 

25 Ban Nong-Ma-Klua M.1 Sraseemoom 605988 1554576 

26 Ban Nong-Ma-Klua M.5 Sraseemoom 605270 1554790 

27 Ban Don-Tao-It M.1 Sraseemoom 606528 1551550 

29 Ban Don-Tao-It M.1 Sraseemoom 606510 1553155 

29 Ban Don-Tao-It M.2 Sraseemoom 606078 1553703 

30 Ban Nong-Pong-Lek M.1 Sraseemoom 604735 1554191 

31 Ban Nong-Pong-Lek M.1 Sraseemoom 604556 1554250 

32 Ban Nong-Pong-Lek M.1 Sraseemoom 603784 1554692 
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  From Table 4.4 and Figure 4.1 can describe the position of water 

sampling in 4 direction with number as 1-32. It can divide North East, South East, 

North West and South west direction and radius 0.5 , 1.0 km. , respectively.  

 

  Number 1-9 showing position of water sampling in North East 

direction. It can divide number 1-4  is in radius 0.5 km., number 5-7 is in radius  1.0 

km. and number 8-9 is in radius >1.0 km. 

  Number  10-16 showing position of water sampling in South East 

direction. It can divide number 10 is in radius 0.5 km., number 11-12,16 is in radius 

1.0 km. and number 13-15 is in radius > 1.0 km. 

  Number 17-21 showing position of water sampling in South West 

direction. It can divide number 17-18 is in radius 0.5 km., number 19-20 is in radius  

1.0 km. and number 21 is in radius > 1.0 km. 

  Number 22-32 showing position of water sampling in North West 

direction. It can divide number 22 is in radius 0.5 km., number 23 is in radius 1.0 km. 

and number 24-32 is in radius > 1.0 km. 

 

 

 4.3.2 The water sampling characteristic  

  

  The physico-chemical parameters in water samples from shallow well 

were pH, conductivity, turbidity, SS, hardness  as  CaCO3, chloride, BOD5, COD, 

sulphate, total Phosphate and ammonium nitrogen . The water samples were taken 

from thirty-two stations in  area around  Kamphaengsaen disposal site  during August 

2007 to Semtember 2007   

The study area had been divided into 4 directions as North , South , 

East  and West direction (Figure 4.1). The sampling sites had been plotted to show the 

scattering of the sampling. The scale in graph used mean value from east direction and 

radius compare with reference value from all radius.  The water characteristic of the 

sample had been analyzed and then showing variable are as shown in Table 4.5 and 

Figure 4.2 – 4.12. 
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Table 4.5  The analysis of parameter value for the shallow wells. 

 
Direction & Radius (Km.) 

North East South East North West South West Parameter 

0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 

Ref. 

value 

pH 7.29 6.42 7.71 7.19 7.25 7.28 7.16 7.01 7.153 

Conductivity 5,171.5 3,589 1,267 1,318.67 4,850 4,250 5,485 4,695 4,232.07 

Turbidity 6.30 7.87 1.80 7.33 10.80 12.50 10.15 11.80 6.11 

SS 5 18.67 1 23 19 17 11 37.5 19.8 

Hardness as 

CaCO3 
157 129.33 120 103.33 230 180 210 195 242 

BOD5 2.22 3.03 1.80 1.13 0.97 1.98 4.84 1.51 1.91 

COD 7.68 8.57 7.50 7.10 7.30 8.10 11.20 8.00 9.21 

Chloride 150.75 93.33 125 268.33 295 241 314.5 259.5 232.2 

Sulphate 5.05 2.87 1.60 6.23 1.20 3.50 5.50 5..50 3.89 

Phosphate 0.14 0.13 0.14 0.11 0.05 0.08 0.09 0.02 0.06 

Ammonia 

nitrogen 
0.025 0.057 0.040 0.047 0.010 0.020 0.045 0.045 0.034 

 

Note   1. The value from the table in the each direction are the average of the analysis 

result can divide as follows : 

 North East  in radius 0.5 km. is 4 wells and 1.0 km. is 3 wells.  

 South East in radius 0.5 km. is 1 wells and 1.0 km. is 3 wells. 

 North West in radius 0.5 km. is 1 wells and 1.0 km. is 1 wells. 

 South West in radius 0.5 km. is 2 wells and 1.0 km. is 2 wells. 

 

 2.Ref. value are the average of the analysis result in radius > 1 km. about 12 

wells. Because of the calculation of(17) found that The distance does not receive the 

effect from the leachate. 
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Table 4.6 The analysis of reference value compare with the analysis in 1989. 

 

Value 
Parameter Unit 

reference 1989 

pH - 7.153 6.78 

Conductivity µs 4,232.07 1,510 

Turbidity NTU 6.11 2.0 

SS mg/l 19.8 0.006 

Hardness as CaCO3 mg/l 242 720 

BOD5 mg/l 1.91 6.8 

COD mg/l 9.21 8.0 

Chloride mg/l 232.2 253 

Sulphate mg/l 3.89 0.004 

Phosphate mg/l 0.06 0.0032 

Ammonia nitrogen mg/l 0.034 nil 
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Figure 4.2  pH value of water sampling collected from other station located of  

         the disposal site comparing to pH value observed reference. 

 

Note : Standard pH range : 5-9 

Source : The national environment board (29) 
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Figure 4.3 Conductivity value of water sampling collected from other station located 

                 of the disposal site comparing to conductivity value observed reference. 
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Figure 4.4 Turbidity value of water sampling collected from other station located 

                of the disposal site comparing to turbidity value observed reference. 
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Figure 4.5 SS value of water sampling collected from other station located 

                of the disposal site comparing to SS value observed reference. 

 

 

 

 

 

 

 

 



Nusanat  Kamsuka  Results and Discussion / 48 

 

 

 

Graphs to shown Hardness as CaCO3 
in North East direction

242

129.33
157

100

150

200

250

300

0.5 km. 1 km. Ref .

North East Radius (km.)

mg/l

 

Graphs to shown Hardness as CaCO3 
in South East direction

242

103.33
120

100

150

200

250

300

0.5 km. 1 km. Ref .

South East Radius (km.)

mg/l

 
 

 

Graphs to shown Hardness as CaCO3 
in North West direction

242

180

230

100

150

200

250

300

0.5 km. 1 km. Ref .

North West Radius (km.)

mg/l

 

Graphs to shown Hardness as CaCO3 
in South West direction

242

195
210

100

150

200

250

300

0.5 km. 1 km. Ref .

South West Radius (km.)

mg/l

 
 

Figure 4.6 Hardness as CaCO3 value of water sampling collected from other  

                       station located of the disposal site comparing to hardness as CaCO3  

                           value observed reference. 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                    M.Sc. (Appro. Techn. For Resou. And Env. Dev.) / 49 

 

 

 

Graphs to shown BOD5 in North East 
direction

1.912.22

3.03

0

1

2

3

4

5

6

0.5 km. 1 km. Ref .

North East Radius (km.)

mg/l

 

Graphs to shown BOD5 in South East 
direction

1.91

1.13
1.8

0

1

2

3

4

5

6

0.5 km. 1 km. Ref .

South East Radius (km.)

mg/l

 
 

 

Graph to shown BOD5 in North West 
direction

0.97

1.911.98

0

1

2

3

4

5

6

0.5 km. 1 km. Ref .

North West Radius (km.)

mg/l

 

Graphs to shown BOD5 in South West 
direction

1.91
1.51

4.84

0

1

2

3

4

5

6

0.5 km. 1 km. Ref .

South West Radius (km.)

mg/l

 
 

Figure 4.7 BOD5 value of water sampling collected from other station located of  

       the disposal site comparing to BOD5 value observed reference. 

 

Note : Standard BOD5 ≤ 2mg/l 

Source : The national environment board (29) 
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Figure 4.8 COD value of water sampling collected from other station located of  

        the disposal site comparing to COD value observed reference. 
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Figure 4.9 Chloride value of water sampling collected from other station located of  

        the disposal site comparing to chloride value observed reference. 
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Figure 4.10 Sulphate value of water sampling collected from other station located of  

         the disposal site comparing to sulphate value observed reference. 
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Figure 4.11 Total Phosphate value of water sampling collected from other station 

          located of the disposal site comparing to total phosphate value  

                         observed reference. 
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Figure 4.12 Ammonia nitrogen value of water sampling collected from other station 

         located of the disposal site comparing to ammonia nitrogen value  

                      observed reference. 

 

Note : Standard Ammonia nitrogen ≤ 0.5 mg/l 

Source : The national environment board (29) 
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4.4 Analysis of results 
 

 4.4.1 pH Value 
  From Table 4.5 and Figure 4.2, it can be seen that the pH value were 

found in direction and radius all. From the analyzes pH value were in range 7.01-7.71 

from all samples and divide in North East were in range 6.42-7.29, South East 7.19-

7.71, North West 7.25-7.28 and South West 7.01-7.16 , respectively. The average of 4 

direction is similar. 

When compare the quality of pH in each direction with reference value 

by T-Test ; it found that 0.935, can summarize the pH value is non-significant because 

its  ≥ 0.05. 

When compare to the standard. It could see that the initial value of pH 

was lower than the surface water standard level III. The standard of pH value is 

between 5-9 (29). 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that pH value is not the modification.  pH value 

in 4 directions are valuable not different. 

When compare with the analysis in 1989(2) as 6.87 found that the 

analysis result is similar. The majority will go up but one point is decreasingly. That 

point is North East direction in radius 1.0 km. 
 

 4.4.2 Conductivity Value 

  From Table 4.5 and Figure 4.3, it can be seen that the Conductivity 

value were found in direction and radius all.  From the analyzes Conductivity value 

were in range 1,267.0-5,485.0 µs/cm from all samples and divide in North East were 

in range 3,589.0-5,171.50 µs/cm, South East 1,267.0-1,318.67 µs/cm, North West 

4,250-4,850 µs/cm and South West 4,695.0-5,485.0 µs/cm , respectively.  

When compare the quality of conductivity in each direction with 

reference value by T-Test ; it found that 0.515,  can summarize the conductivity value 

is non-significant because its  ≥ 0.05. 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that conductivity value in southwest direction 



Nusanat  Kamsuka  Results and Discussion / 56 

are maximum value when compare with other direction. In order found that north east 

direction will be had conductivity value was lower in other direction by significant. 

 When compare with the analysis in 1989(2) as 1,510 µs/cm found that 

the analysis result be different. The majority will go up but two point are decreasingly. 

That point is South East direction in radius 1.0 km. 

 

 4.4.3 Turbidity Value 

  From Table 4.5 and Figure 4.4, it can be seen that the Turbidity value 

were found in direction and radius all.  From the analyzes Turbidity value were in 

range 1.80-12.50 NTU from all samples and divide in North East were in range 6.30-

7.87 NTU, South East 1.80-7.33 NTU, North West 10.80-12.50 NTU and South West 

10.15-11.80 NTU, respectively.  

When compare the quality of turbidity in each direction with reference 

value by T-Test ; it found that 0.515,  can summarize the turbidity value is non-

significant because its  ≥ 0.05. 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that turbidity value in southwest direction are 

maximum value when compare with other direction. In order found that north east 

direction will be had turbidity value was lower in other direction by significant. 

When compare with the analysis in 1989(2) as 2 NTU found that the 

analysis result be different. The majority will go up but one point is decreasingly. That 

point is South East direction in radius 0.5 km. 

 

 4.4.4 SS Value 

  From Table 4.5 and Figure 4.5, it can be seen that the SS value were 

found  in direction and radius all. From the analyzes SS value were in range 1-37.5 

mg/l from all samples and divide in North East were in range 5-18.67 mg/l, South East 

1-23 mg/l, North West 17-19 mg/l and South West 11-37.5 mg/l, respectively.  

When compare the quality of SS in each direction with reference value 

by T-Test ; it found that 0.440, can summarize the SS value is non-significant because 

its  ≥ 0.05. 
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When compare with the flow direction of the underground water will 

flow to the southwest direction found that  SS value in southwest direction are similar 

when compare with other direction. 

When compare with the analysis in 1989(2) as 0.006 mg/l found that 

the analysis result be different. The majority will go up all sample. It might be the 

difference of wells to study with characteristic of soil is modification in present. 

 

 4.4.5 Hardness as CaCO3 Value 

  From Table 4.5 and Figure 4.6, it can be seen that the hardness as 

CaCO3 value were found in direction and radius all.  From the analyzes hardness as 

CaCO3 value were in range 103.33-230 mg/l from all samples and divide in North East 

were in range 129.33-157 mg/l, South East 103.33-120 mg/l, North West 180-230 

mg/l and South West 195-210 mg/l, respectively.  

When compare the quality of hardness as CaCO3 in each direction with 

reference value by T-Test ; it found that 0.00, can summarize the hardness as CaCO3 

value is significant because its  ≥ 0.05. 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that hardness as CaCO3 value in southwest 

direction are similar when compare with other direction. 

When compare with the analysis in 1989(2) as 720 mg/l found that the 

analysis result be different. The majority will decreasing all sample. It might be the 

difference of wells to study with characteristic of soil is modification in present. 

 

 4.4.6 BOD5 Value 

  From Table 4.5 and Figure 4.7 ,it can be seen that the BOD5 value were 

found  in direction and radius all.  From the analyzes BOD5 value were in range 0.97-

4.84 mg/l from all samples and divide in North East were in range 2.22-3.03 mg/l, 

South East 1.13-1.80 mg/l, North West 7.30-8.10 mg/l and South West 1.51-4.84 mg/l, 

respectively. 

When compare the quality of BOD5 in each direction with reference 

value by T-Test ; it found that 0.555, can summarize the BOD5 value is non-significant 

because its  ≥ 0.05. 



Nusanat  Kamsuka  Results and Discussion / 58 

When bring to compare with the standard. It could see that the majority 

of the initial value of BOD5 was lower than the surface water standard level III. Except 

North East and South West direction. The standard of BOD5 value is  ≤ 2.00 mg/l. 

(29). 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that BOD value in southwest direction are 

maximum value when compare with other direction but in radius 0.5 km, thus radius 

1.0 km. are similar. It might be from the activity of a human and characteristic of 

samples shallow wells. 

When compare with the analysis in 1989(2) as 6.8 mg/l found that the 

analysis result be different. The majority will decreasing all sample. It might be the 

difference of wells to study with characteristic of soil is modification in present. 

 

 4.4.7 COD Value 

  From Table 4.5 and Figure 4.8, it can be seen that the COD value were 

found in direction and radius all.  From the analyzes COD value were in range 7.10-

11.20 mg/l from all samples and divide in North East were in range 7.68-8.57 mg/l, 

South East 7.10-7.50 mg/l, North West 7.30-8.10 mg/l and South West 8.00-11.20 

mg/l, respectively.  

When compare the quality of COD in each direction with reference 

value by T-Test ; it found that 0.061 , can summarize the COD value is non-significant 

because its  ≥ 0.05. 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that COD value in southwest direction are 

maximum value when compare with other direction but in radius 0.5 km, thus radius 

1.0 km. are similar. It might be from the activity of a human and characteristic of 

samples shallow wells. 

When compare with the analysis in 1989(2) as 8.0 mg/l found that the 

analysis result is similar. It is not valuable in direction and the each radius but it can 

not go up a decreasing kind. 
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 4.4.8 Chloride Value 

  From Table 4.5 and Figure 4.9, it can be seen that  the chloride value 

were found in direction and radius all.  From the analyzes chloride value were in range 

93.33-314.50 mg/l from all samples and divide in North East were in range 93.33-

150.75 mg/l , South East 7.10-7.50 mg/l, North West 7.30-8.10 mg/l and South West 

8.0-11.20 mg/l, respectively.  

When compare the quality of chloride in each direction with reference 

value by T-Test ; it found that 0.655 , can summarize the chloride value is non-

significant because its  ≥ 0.05. 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that chloride value in southwest direction are 

maximum value when compare with other direction by significant. It might be from 

the activity of a human and characteristic of samples shallow wells. 

When compare with the analysis in 1989(2) as 253 mg/l found that the 

analysis result is similar. It is not valuable in direction and the each radius but it can 

not go up a decreasing kind. 

 

 4.4.9 Sulphate Value 

  From Table 4.5 and Figure 4.10, it can be seen  that the sulphate value 

were found in direction and radius all.  From the analyzes sulphate value were in range 

1.60-6.23 mg/l from all samples and divide in North East were in range 2.87-5.05 

mg/l, South East 1.60-6.23 mg/l, North West 1.20-3.50 mg/l and South West 5.50-5.50 

mg/l, respectively. 

When compare the quality of sulphate in each direction with reference 

value by T-Test ; it found that 0.953 , can summarize the sulphate value is non-

significant because its  ≥ 0.05. 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that sulphate value in southwest direction are 

similar when compare with other direction by non-significant. 
When compare with the analysis in 1989(2) as 0.004 mg/l  found that 

the analysis result be different. The majority will go up all samples. It is not valuable 

in direction and the each radius but it can not go up a decreasing kind. It can explained 
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the higher concentration of sulphate from the modification of environmental around 

disposal site. 

 

 4.4.10 Total Phosphate 

  From Table 4.5 and Figure 4.11, it can be seen that the total phosphate 

value were found in direction and radius all.  From the analyzes total phosphate value 

were in range 0.02-0.14 mg/l from all samples and divide in North East were in range 

0.13-0.14 mg/l, South East 0.11-0.14 mg/l, North West 0.05-0.08 mg/l and South West 

0.02-0.09 mg/l, respectively.  

When compare the quality of total phosphate in each direction with 

reference value by T-Test ; it found that 0.058 , can summarize the total phosphate 

value is non-significant because its  ≥ 0.05. 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that total phosphate value in southwest direction 

are similar when compare with other direction by non-significant. 
When compare with the analysis in 1989(2) as 0.0032 ppm found that 

the analysis result be different. The majority will go up all samples. It is not valuable 

in direction and the each radius but it can not go up a decreasing kind. It can explained 

the higher concentration of sulphate from the modification of environmental around 

disposal site. 

 

 4.4.11 Ammonia Nitrogen Value 

  From Table 4.5 and Figure 4.12, it can be seen that the ammonia 

nitrogen value were found in direction and radius all.  From the analyzes ammonia 

nitrogen value were in range 0.010-0.057 mg/l from all samples and divide in North 

East were in range 0.025-0.057 mg/l, South East 0.040-0.047 mg/l, North West 0.010-

0.020 mg/l and South West 0.045-0.045 mg/l, respectively.  

When compare the quality of ammonia nitrogen in each direction with 

reference value by T-Test ; it found that 0.716 , can summarize the ammonia nitrogen 

value is non-significant because its  ≥ 0.05. 
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When compare to the standard. It could see that the initial value of 

ammonia nitrogen was lower than the surface water standard level III.  The standard of  

ammonia nitrogen value is  ≤ 0.5 Mg/l (29). 

When compare with the flow direction of the underground water will 

flow to the southwest direction found that ammonia nitrogen value in southwest 

direction are similar when compare with other direction by non-significant. 
When compare with the analysis in 1989(2) as not detection found that 

the analysis result be different. It is not valuable in direction and the each radius but it 

can not go up a decreasing kind. Water samples found that ammonia nitrogen in all 

samples but found in little value. It might be from the activity of a human and 

characteristic of samples shallow wells. 
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CHAPTER V 

CONCLUSION AND RECOMMENDATION 
 

 Comparative study of water quality observed from shallow wells in the nearby 

area of a waste disposal site, Kamphaengsaen, Nakhornpathom province. This study 

were an experiment and survey research to describe the leachate characteristic and the 

contaminate by leachate in radius 0.5 , 1 kilometer. 

 

5.1 Conclusion 

 

 The analyzes characteristic of leachate from disposal site in 3 samples found 

that average of pH 7.20±0.05, TDS 7,216±719.69 mg/l, BOD5 790.67±68.47 mg/l, 

COD 1,059.33±224.15 mg/l, Fe 0.00053±0.00025 mg/l, Mn 0.0046±0.00075 mg/l, Cd  

0.0047±0.00085 mg/l, Cu 0.0022±0.00105 mg/l and Pb 0.0027±0.00161 mg/l, 

respectively 

 

Water’s quality of shallow wells around disposal site in radius 0.5, 1 kilometer 

as 32 wells. Can separated f     ollow : 

 

- North East  in radius 0.5 km. is 4 wells and 1.0 km. is 3 wells.  

  - South East in radius 0.5 km. is 1 wells and 1.0 km. is 3 wells. 

  - North West in radius 0.5 km. is 1 wells and 1.0 km. is 1 wells. 

  - South West in radius 0.5 km. is 2 wells and 1.0 km. is 2 wells. 

 

The analyzes characteristic of water quality of shallow wells were found that in 

range  pH 6.42-7.71, conductivity 1,267-5,171.5 µs/cm, turbidity 1.80-12.50 NTU, SS 

1-37.5 mg/l, Hardness 103.33-242 mg/l as CaCO3, BOD5 0.97-4.84 mg/l, COD 7.10-

11.20 mg/l, chloride 93.33-314.5 mg/l, sulphate 1.20-6.23 mg/l, total phosphate 0.02-

0.14 mg/l and ammonia Nitrogen 0.010-0.057 mg/l as N , respectively. 
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 The parameter were analysed of the water’s quality is 11 method. Can 

separated divide follow  

• Parameter were go up as Conductivity , Turbidity , SS , 

Sulphate, Total Phosphate and Ammonia Nitrogen 

• Parameter were similar as pH, COD and Chloride  

• Parameter will be decreasing as Hardness as CaCO3 and BOD5 . 

 

From the addition to go up might be the shallow well receives the effect from 

the leachate. It can erode moving to the groundwater around environs of shallow well 

were take to samples. The part way from pollutants can flows might be effect to water 

quality and take to modifies. 

 

When compare with permeability in study area found that the distance of a 

pollutants from leachate can move in type of soil all between 0.0201-0.9366 meter in 

other soil depth level (2). The average depth level of shallow well were taked to 

sample as 3-8 Meter. The addition goes up of Ammonia Nitrogen value and Total 

Phosphate value were related with the leachate because found that the value of 

Ammonia Nitrogen and Total Phosphate in radius 0.5 , 1.0 and better 1.0 kilometer 

around disposal site. 

 

 The contaminate by leachate into groundwater around disposal site depend 

with characteristic of soil and characteristic of flow part of groundwater. Which the 

characteristic of level water in study area were the unconfined Aquifer. It might be the 

risk level is mostly from contaminate by leachate. Assemble with characteristic of soil 

in level water were clayey sand , stiff clay , silty sand and coares sand have modurate. 

 

 As a matter of fact , the communities around disposal site didn’t used water 

from shallow well to consume and usage but they use the water supply from an all 

institute. Now water from shallow well were take the agriculture mostly. The water 

quality modification goes up didn’t have an affect to healthiness of people around 

disposal site . Even though, quality of groundwater still lower than the standard  level , 

But in case of the people from those communities utilized groundwater and the 
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addition goes up of disposal site in this area as possible , so the pollutants from 

leachate can move rapidly to placement of water in wells. Then all agencies relevant to 

this filed of study should be awared and try to solved this contamination problems. 

  

 

5.2 Recommendation 

 As the results of this study as mention above, it can be recommended as given 

follow : 

5.2.1 The suggestion about the research  

1) The quality of shallow wells in study area during the period of 

time studied. There is the quality under the surface water quality 

in kind 3 standard. Although will receive the contaminated from 

the leachate. An institute should fix the defensive measure lest it 

was the contaminated of a pollutants from leachate into 

groundwater 

 

2) The leachate have higher concentration as BOD5 about 

790.67±68.47 mg/l and COD about 1,059.33±224.15 mg/l. The 

public health should receive be a kind pillar for decrease the 

effect of environmental. 

 

3) The grasping is the waste were disposal might be contaminated 

by leachate into groundwater. Garbage should separate garbage 

is dangerous by the general garbage and  eradicate by sanitary 

landfill. 

 

5.2.2 The suggestion about the education to research 

1) Should encourage the research about contaminate with 

leachate into groundwater all year. Which will use 

controlled and  protected the meditation in rows. 

2) Should encourage healthy of people around the 

pollutants can flows about 1 kilometer. 
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APPENDIX  A 
Table A.1  The analysis of the pH value for the shallow wells. 

 
pH Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 7.15 7.35 7.25±0.10 

Ban Nong-Som-Khuan NE 0.5 7.12 7.45 7.27±0.17 

Ban Nong-Fuk NE 1 6.98 7.35 7.14±0.19 

Ban Nong-Fuk NE 1 7.15 7.75 7.49±0.31 

Ban Tung-Som-Bat NE 1 6.35 6.85 6.54±0.27 

Ban Tung-Som-Bat NE 1 6.57 6.98 6.74±0.21 

Ban Tung-Cha-rean-Tong NE 1 7.15 7.35 7.25±0.10 

Ban Tung-Som-Bat NE >1 7.01 7.45 7.23±0.22 

Ban Tung-Cha-rean-Tong NE > 1 7.12 7.64 7.37±0.26 

Ban Nong-Som-Khuan SE 0.5 7.51 7.89 7.70±0.19 

Ban Nong-Som-Khuan SE 1 7.21 7.54 7.33±0.18 

Ban Nong-Som-Khuan SE 1 6.98 7.25 7.13±0.14 

Ban Tung Prue SE 1 6.85 7.28 7.10±0.22 

Ban Tung Prue SE >1 7.01 7.45 7.26±0.23 

Ban Tung Prue SE >1 7.01 7.45 7.24±0.22 

Ban Tung Prue SE >1 6.99 7.58 7.27±0.30 

Ban Tung-Kway-Hai SW 0.5 7.32 7.56 7.45±0.12 

Ban Tung-Kway-Hai SW 0.5 6.79 7.12 6.92±0.18 

Ban Tung-Bua SW 1 6.85 7.25 7.02±0.21 

Ban Tung Prue SW 1 6.9 7.25 7.07±0.18 

Ban Nong-Pong-Lek SW >1 7.01 7.35 7.16±0.17 

Ban Nong-Som-Khuan NW 0.5 7.15 7.45 7.28±0.15 

Ban Tung-Cha-rean-Tong NW 1 7.03 7.35 7.22±0.17 

Ban Tung-Cha-rean-Tong NW >1 6.75 7.32 6.96±0.31 

Ban Nong-Ma-Klua NW >1 6.95 7.15 7.05±0.10 

Ban Nong-Ma-Klua NW >1 7.03 7.45 7.24±0.21 

Ban Don-Tao-It NW >1 7.05 7.35 7.21±0.15 

Ban Don-Tao-It NW >1 6.78 7.24 6.97±0.24 

Ban Don-Tao-It NW >1 6.9 7.45 7.12±0.29 

Ban Nong-Pong-Lek NW >1 6.95 7.38 7.19±0.22 

Ban Nong-Pong-Lek NW >1 7.02 7.52 7.22±0.26 

Ban Nong-Pong-Lek NW >1 7.05 7.24 7.15±0.10 
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Table A.2 The analysis of the conductivity value for the shallow wells. 

 
Conductivity Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 14,900 15,200 15,060±151 

Ban Nong-Som-Khuan NE 0.5 2,000 2,040 2,017±20.53 

Ban Nong-Fuk NE 1 1,515 1,562 1,539±23.52 

Ban Nong-Fuk NE 1 2,010 2,065 2,043±29.10 

Ban Tung-Som-Bat NE 1 8,450 8,641 8,544±95.55 

Ban Tung-Som-Bat NE 1 1,560 1,590 1,577±15.28 

Ban Tung-Cha-rean-Tong NE 1 650 690 662±24.01 

Ban Tung-Som-Bat NE >1 1,750 1,820 1,790±26.06 

Ban Tung-Cha-rean-Tong NE > 1 5,040 5,320 5,160±144.2 

Ban Nong-Som-Khuan SE 0.5 1,200 1,320 1,262±60.14 

Ban Nong-Som-Khuan SE 1 850 1,005 951±87.81 

Ban Nong-Som-Khuan SE 1 1,005 1,035 1,031±24.70 

Ban Tung Prue SE 1 1,842 1,950 1,898±54.15 

Ban Tung Prue SE >1 6,200 6,300 6,250±50 

Ban Tung Prue SE >1 2,850 2,900 2,881±28.86 

Ban Tung Prue SE >1 1,200 1,250 1,230±26.46 

Ban Tung-Kway-Hai SW 0.5 4,510 4,550 4,527±20.82 

Ban Tung-Kway-Hai SW 0.5 5,420 6,460 6,110±59.75 

Ban Tung-Bua SW 1 850 880 867±15.28 

Ban Tung Prue SW 1 8,500 8,550 8,523±25.17 

Ban Nong-Pong-Lek SW >1 4,490 4,260 4,333±135.77 

Ban Nong-Som-Khuan NW 0.5 4,840 4,860 4,850±10.0 

Ban Tung-Cha-rean-Tong NW 1 4,230 4,280 4,253±25.17 

Ban Tung-Cha-rean-Tong NW >1 8,430 8,460 8,447±15.28 

Ban Nong-Ma-Klua NW >1 350 385 369±17.69 

Ban Nong-Ma-Klua NW >1 590 630 613±20.82 

Ban Don-Tao-It NW >1 7,644 7,765 7,718±64.66 

Ban Don-Tao-It NW >1 11,400 12,460 12,103±69.13 

Ban Don-Tao-It NW >1 3,625 3,675 3,653±25.66 

Ban Nong-Pong-Lek NW >1 905 940 926±18.52 

Ban Nong-Pong-Lek NW >1 4,230 4,260 4,247±15.28 

Ban Nong-Pong-Lek NW >1 3,410 3,460 3,400±26.46 
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Table A.3 The analysis of the turbidity value for the shallow wells. 

 
Turbidity Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 7 7.4            7.20±8.26

Ban Nong-Som-Khuan NE 0.5 8.2 5.5 6.33±7.85 

Ban Nong-Fuk NE 1 8 8.4 8.20±9.41 

Ban Nong-Fuk NE 1 4.3 4.6 4.47±5.11 

Ban Tung-Som-Bat NE 1 10.1 10.5 10.30±11.84 

Ban Tung-Som-Bat NE 1 7.6 7.9 7.77±8.92 

Ban Tung-Cha-rean-Tong NE 1 5.3 5.6 5.47±6.26 

Ban Tung-Som-Bat NE >1 5.1 5.6 5.37±6.12 

Ban Tung-Cha-rean-Tong NE > 1 6 6.5 6.23±7.13 

Ban Nong-Som-Khuan SE 0.5 1.6 2 1.80±2.02 

Ban Nong-Som-Khuan SE 1 12 12.5 12.27±14.09 

Ban Nong-Som-Khuan SE 1 7.6 8.2 7.90±9.04 

Ban Tung Prue SE 1 1.6 1.9 1.77±1.99 

Ban Tung Prue SE >1 1.7 2 1.87±2.11 

Ban Tung Prue SE >1 4.2 4.5 4.33±4.97 

Ban Tung Prue SE >1 5.6 5.9 5.77±6.61 

Ban Tung-Kway-Hai SW 0.5 7.5 7.9 7.73±8.86 

Ban Tung-Kway-Hai SW 0.5 12 12.8 12.43±14.23 

Ban Tung-Bua SW 1 15.4 15.9 15.70±18.04 

Ban Tung Prue SW 1 7.6 7.9 7.77±8.92 

Ban Nong-Pong-Lek SW >1 1.3 4.8 3.53±3.44 

Ban Nong-Som-Khuan NW 0.5 10.6 10.9 10.77±12.38 

Ban Tung-Cha-rean-Tong NW 1 12 12.8 12.43±14.23 

Ban Tung-Cha-rean-Tong NW >1 8.3 8.6 8.47±9.73 

Ban Nong-Ma-Klua NW >1 11 11.4 11.20±12.88 

Ban Nong-Ma-Klua NW >1 2.4 2.8 2.60±2.95 

Ban Don-Tao-It NW >1 3.5 3.8 3.63±4.16 

Ban Don-Tao-It NW >1 4.3 4.6 4.47±5.11 

Ban Don-Tao-It NW >1 8.5 8.8 8.63±9.93 

Ban Nong-Pong-Lek NW >1 10.3 10.6 10.47±12.04 

Ban Nong-Pong-Lek NW >1 7.3 7.8 7.53±8.63 

Ban Nong-Pong-Lek NW >1 6.3 6.6 6.47±7.42 
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Table A.4 The analysis of the SS value for the shallow wells. 

 
SS Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 5 8 6.33±6.45 

Ban Nong-Som-Khuan NE 0.5 1 3 2.00±2.16 

Ban Nong-Fuk NE 1 7 9 8.00±8.04 

Ban Nong-Fuk NE 1 3 5 4.00±4.08 

Ban Tung-Som-Bat NE 1 12 17 14.67±14.81 

Ban Tung-Som-Bat NE 1 20 25 22.67±22.76 

Ban Tung-Cha-rean-Tong NE 1 16 19 17.67±17.71 

Ban Tung-Som-Bat NE >1 2 4 3.00±3.11 

Ban Tung-Cha-rean-Tong NE > 1 7 9 8.00±8.04 

Ban Nong-Som-Khuan SE 0.5 1 2 1.33±1.41 

Ban Nong-Som-Khuan SE 1 1 4 2.33±2.65 

Ban Nong-Som-Khuan SE 1 60 66 63.33±63.38 

Ban Tung Prue SE 1 1 5 3.00±3.42 

Ban Tung Prue SE >1 48 52 50.00±50.03 

Ban Tung Prue SE >1 75 80 78.00±78.03 

Ban Tung Prue SE >1 30 37 34.00±34.13 

Ban Tung-Kway-Hai SW 0.5 22 10 13.33±14.70 

Ban Tung-Kway-Hai SW 0.5 38 26 29.67±30.25 

Ban Tung-Bua SW 1 38 42 40.00±40.03 

Ban Tung Prue SW 1 32 37 34.67±34.73 

Ban Nong-Pong-Lek SW >1 24 26 25.00±25.01 

Ban Nong-Som-Khuan NW 0.5 18 20 19.00±19.02 

Ban Tung-Cha-rean-Tong NW 1 16 19 17.33±17.38 

Ban Tung-Cha-rean-Tong NW >1 6 10 8.00±8.16 

Ban Nong-Ma-Klua NW >1 3 8 5.33±5.72 

Ban Nong-Ma-Klua NW >1 5 8 6.33±6.45 

Ban Don-Tao-It NW >1 4 8 5.67±5.92 

Ban Don-Tao-It NW >1 11 15 12.67±12.78 

Ban Don-Tao-It NW >1 18 22 20.00±20.07 

Ban Nong-Pong-Lek NW >1 5 9 7.00±7.19 

Ban Nong-Pong-Lek NW >1 8 10 9.00±9.04 

Ban Nong-Pong-Lek NW >1 23 26 24.67±24.70 
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Table A.5 The analysis of  the hardness as CaCO3  value for the shallow wells. 

 
Hardness as CaCO3 Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max        Mean±SD 

Ban Tung-Kway-Hai NE 0.5 48 55 51.00±3.61 

Ban Nong-Som-Khuan NE 0.5 300 315 308.33±7.64 

Ban Nong-Fuk NE 1 95 100 97.67±2.52 

Ban Nong-Fuk NE 1 160 175 168.33±7.64 

Ban Tung-Som-Bat NE 1 180 196 188.67±8.08 

Ban Tung-Som-Bat NE 1 95 102 98.33±3.51 

Ban Tung-Cha-rean-Tong NE 1 95 105 100.00±5.00 

Ban Tung-Som-Bat NE >1 200 216 208.67±8.08 

Ban Tung-Cha-rean-Tong NE > 1 210 234 224.67±12.86 

Ban Nong-Som-Khuan SE 0.5 110 125 118.33±7.64 

Ban Nong-Som-Khuan SE 1 70 86 78.67±8.08 

Ban Nong-Som-Khuan SE 1 90 105 98.33±7.64 

Ban Tung Prue SE 1 120 135 128.33±7.64 

Ban Tung Prue SE >1 360 375 368.33±7.64 

Ban Tung Prue SE >1 400 425 415.00±13.23 

Ban Tung Prue SE >1 160 178 169.33±9.02 

Ban Tung-Kway-Hai SW 0.5 100 115 108.33±7.64 

Ban Tung-Kway-Hai SW 0.5 300 316 308.67±8.08 

Ban Tung-Bua SW 1 240 255 248.33±7.64 

Ban Tung Prue SW 1 130 145 138.33±7.64 

Ban Nong-Pong-Lek SW >1 170 186 178.67±8.08 

Ban Nong-Som-Khuan NW 0.5 220 235 228.33±7.64 

Ban Tung-Cha-rean-Tong NW 1 160 184 174.67±12.86 

Ban Tung-Cha-rean-Tong NW >1 220 245 235.00±13.23 

Ban Nong-Ma-Klua NW >1 230 255 245.00±13.23 

Ban Nong-Ma-Klua NW >1 170 186 178.67±8.08 

Ban Don-Tao-It NW >1 200 215 208.33±7.64 

Ban Don-Tao-It NW >1 230 246 238.67±8.08 

Ban Don-Tao-It NW >1 300 316 308.67±8.08 

Ban Nong-Pong-Lek NW >1 240 255 248.33±7.64 

Ban Nong-Pong-Lek NW >1 170 186 178.67±8.08 

Ban Nong-Pong-Lek NW >1 180 195 188.33±7.64 
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Table A.6 The analysis of the BOD5 value for the shallow wells. 

 
BOD5 Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 4.02 4.2 4.13±0.10 

Ban Nong-Som-Khuan NE 0.5 1.1 1.5 1.30±0.20 

Ban Nong-Fuk NE 1 2.1 2.5 2.30±0.20 

Ban Nong-Fuk NE 1 1.02 1.3 1.15±0.14 

Ban Tung-Som-Bat NE 1 2.01 2.6 2.34±0.30 

Ban Tung-Som-Bat NE 1 1.75 1.9 1.83±0.08 

Ban Tung-Cha-rean-Tong NE 1 4.8 4.9 4.85±0.05 

Ban Tung-Som-Bat NE >1 1.4 1.5 1.45±0.05 

Ban Tung-Cha-rean-Tong NE > 1 1.75 1.9 1.83±0.08 

Ban Nong-Som-Khuan SE 0.5 1.6 1.9 1.77±0.15 

Ban Nong-Som-Khuan SE 1 1.3 1.5 1.42±0.11 

Ban Nong-Som-Khuan SE 1 1 1.3 1.13±0.15 

Ban Tung Prue SE 1 0.7 0.9 0.81±0.10 

Ban Tung Prue SE >1 2.5 2.7 2.62±0.10 

Ban Tung Prue SE >1 1.65 1.8 1.73±0.08 

Ban Tung Prue SE >1 2 2.2 2.12±0.10 

Ban Tung-Kway-Hai SW 0.5 7.2 7.9 7.63±0.38 

Ban Tung-Kway-Hai SW 0.5 1.6 1.9 1.79±0.17 

Ban Tung-Bua SW 1 2.01 2.3 2.15±0.15 

Ban Tung Prue SW 1 0.8 1.1 0.92±0.16 

Ban Nong-Pong-Lek SW >1 0.5 0.87 0.63±0.21 

Ban Nong-Som-Khuan NW 0.5 0.9 1.2 1.02±0.16 

Ban Tung-Cha-rean-Tong NW 1 1.5 2.1 1.86±0.32 

Ban Tung-Cha-rean-Tong NW >1 1.6 2.1 1.82±0.26 

Ban Nong-Ma-Klua NW >1 1.7 1.98 1.83±0.14 

Ban Nong-Ma-Klua NW >1 2.16 2.3 2.24±0.07 

Ban Don-Tao-It NW >1 2.85 3.1 3.00±0.13 

Ban Don-Tao-It NW >1 1.65 1.9 1.80±0.13 

Ban Don-Tao-It NW >1 1.9 2.1 1.99±0.10 

Ban Nong-Pong-Lek NW >1 1.4 1.6 1.51±0.10 

Ban Nong-Pong-Lek NW >1 1.6 1.8 1.73±0.11 

Ban Nong-Pong-Lek NW >1 2.3 2.4 2.35±0.05 
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Table A.7 The analysis of the COD value for the shallow wells. 

 
COD Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 10.1 10.5 10.27±0.21 

Ban Nong-Som-Khuan NE 0.5 6.5 6.9 6.73±0.21 

Ban Nong-Fuk NE 1 7.1 7.5 7.27±0.21 

Ban Nong-Fuk NE 1 6.3 6.6 6.47±0.15 

Ban Tung-Som-Bat NE 1 6.5 6.9 6.73±0.21 

Ban Tung-Som-Bat NE 1 7.3 7.6 7.47±0.15 

Ban Tung-Cha-rean-Tong NE 1 11.1 11.5 11.33±0.21 

Ban Tung-Som-Bat NE >1 6.5 6.9 6.73±0.21 

Ban Tung-Cha-rean-Tong NE > 1 7.1 7.3 7.20±0.10 

Ban Nong-Som-Khuan SE 0.5 7.3 7.6 7.47±0.15 

Ban Nong-Som-Khuan SE 1 7.4 8.1 7.80±0.36 

Ban Nong-Som-Khuan SE 1 6.5 7.2 6.87±0.35 

Ban Tung Prue SE 1 6.3 6.7 6.50±0.20 

Ban Tung Prue SE >1 8.1 8.5 8.33±0.21 

Ban Tung Prue SE >1 7.5 7.7 7.60±0.10 

Ban Tung Prue SE >1 8.5 9.1 8.87±0.32 

Ban Tung-Kway-Hai SW 0.5 13.2 14.2 13.80±0.53 

Ban Tung-Kway-Hai SW 0.5 8.1 8.5 8.33±0.21 

Ban Tung-Bua SW 1 8.3 8.7 8.53±0.21 

Ban Tung Prue SW 1 7.3 7.5 7.40±0.10 

Ban Nong-Pong-Lek SW >1 7.2 7.6 7.43±0.21 

Ban Nong-Som-Khuan NW 0.5 7.1 7.5 7.30±0.20 

Ban Tung-Cha-rean-Tong NW 1 7.9 8.3 8.10±0.20 

Ban Tung-Cha-rean-Tong NW >1 7.1 7.5 7.33±0.21 

Ban Nong-Ma-Klua NW >1 6.8 7.1 6.93±0.15 

Ban Nong-Ma-Klua NW >1 8.3 8.5 8.40±0.10 

Ban Don-Tao-It NW >1 12.5 13.2 12.90±0.36 

Ban Don-Tao-It NW >1 9.5 10.2 9.83±0.35 

Ban Don-Tao-It NW >1 10.1 10.3 10.20±0.10 

Ban Nong-Pong-Lek NW >1 9.3 9.6 9.43±0.15 

Ban Nong-Pong-Lek NW >1 14.2 14.5 14.33±0.15 

Ban Nong-Pong-Lek NW >1 12.1 12.5 12.30±0.20 
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Table A.8  The analysis of the chloride value for the shallow wells. 

 
Chloride Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 30 40 36.00±5.29 

Ban Nong-Som-Khuan NE 0.5 240 255 248.33±7.64 

Ban Nong-Fuk NE 1 80 86 83.67±3.21 

Ban Nong-Fuk NE 1 210 235 225.00±13.23 

Ban Tung-Som-Bat NE 1 75 85 81.00±5.29 

Ban Tung-Som-Bat NE 1 145 155 150.00±5.00 

Ban Tung-Cha-rean-Tong NE 1 125 135 130.00±5.00 

Ban Tung-Som-Bat NE >1 240 248 244.33±4.04 

Ban Tung-Cha-rean-Tong NE > 1 150 159 155.67±4.93 

Ban Nong-Som-Khuan SE 0.5 121 127 124.33±3.06 

Ban Nong-Som-Khuan SE 1 240 246 243.67±3.21 

Ban Nong-Som-Khuan SE 1 310 316 313.67±3.21 

Ban Tung Prue SE 1 244 248 245.67±2.08 

Ban Tung Prue SE >1 280 290 285.67±5.13 

Ban Tung Prue SE >1 250 260 254.67±5.03 

Ban Tung Prue SE >1 245 260 254.33±8.14 

Ban Tung-Kway-Hai SW 0.5 342 350 345.67±4.04 

Ban Tung-Kway-Hai SW 0.5 280 289 284.33±4.51 

Ban Tung-Bua SW 1 251 259 254.67±4.04 

Ban Tung Prue SW 1 263 270 266.00±3.61 

Ban Nong-Pong-Lek SW >1 251 260 256.33±4.73 

Ban Nong-Som-Khuan NW 0.5 290 300 295.00±5.00 

Ban Tung-Cha-rean-Tong NW 1 238 249 242.67±5.69 

Ban Tung-Cha-rean-Tong NW >1 231 240 235.67±4.51 

Ban Nong-Ma-Klua NW >1 348 360 353.00±6.24 

Ban Nong-Ma-Klua NW >1 245 250 247.33±2.52 

Ban Don-Tao-It NW >1 156 165 159.67±4.73 

Ban Don-Tao-It NW >1 254 264 258.67±5.03 

Ban Don-Tao-It NW >1 240 245 242.00±2.65 

Ban Nong-Pong-Lek NW >1 158 165 160.67±3.79 

Ban Nong-Pong-Lek NW >1 213 230 219.33±9.29 

Ban Nong-Pong-Lek NW >1 156 160         158.00±2.00
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Table A.9 The analysis of the sulphate value for the shallow wells. 

 
Sulphate Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 7.3 7.9 7.57±0.31 

Ban Nong-Som-Khuan NE 0.5 2.5 3.1 2.83±0.31 

Ban Nong-Fuk NE 1 4.1 4.8 4.47±0.35 

Ban Nong-Fuk NE 1 5.1 5.6 5.33±0.25 

Ban Tung-Som-Bat NE 1 2.5 2.9 2.70±0.20 

Ban Tung-Som-Bat NE 1 3.3 3.6 3.47±0.15 

Ban Tung-Cha-rean-Tong NE 1 2.1 2.8 2.43±0.35 

Ban Tung-Som-Bat NE >1 1.5 1.8 1.63±0.15 

Ban Tung-Cha-rean-Tong NE > 1 2.3 2.9 2.57±0.31 

Ban Nong-Som-Khuan SE 0.5 1.5 1.7 1.60±0.10 

Ban Nong-Som-Khuan SE 1 6 6.5 6.20±0.26 

Ban Nong-Som-Khuan SE 1 4.3 4.8 4.53±0.25 

Ban Tung Prue SE 1 7.9 8.4 8.13±0.25 

Ban Tung Prue SE >1 3.4 3.8 3.60±0.20 

Ban Tung Prue SE >1 2.5 2.9 2.73±0.21 

Ban Tung Prue SE >1 3.2 3.6 3.43±0.21 

Ban Tung-Kway-Hai SW 0.5 7.4 7.6 7.50±0.10 

Ban Tung-Kway-Hai SW 0.5 3.3 3.5 3.43±0.12 

Ban Tung-Bua SW 1 6.3 6.6 6.47±0.15 

Ban Tung Prue SW 1 4.3 4.5 4.43±0.12 

Ban Nong-Pong-Lek SW >1 3.5 3.7 3.60±0.10 

Ban Nong-Som-Khuan NW 0.5 1.1 1.3 1.20±0.10 

Ban Tung-Cha-rean-Tong NW 1 3.3 3.6 3.47±0.15 

Ban Tung-Cha-rean-Tong NW >1 4.1 4.5 4.27±0.21 

Ban Nong-Ma-Klua NW >1 6.3 6.7 6.50±0.20 

Ban Nong-Ma-Klua NW >1 4.1 4.3 4.20±0.10 

Ban Don-Tao-It NW >1 7.1 7.4 7.27±0.15 

Ban Don-Tao-It NW >1 2.3 2.6 2.47±0.15 

Ban Don-Tao-It NW >1 3.4 3.6 3.50±0.10 

Ban Nong-Pong-Lek NW >1 4.3 4.5 4.43±0.12 

Ban Nong-Pong-Lek NW >1 3.5 3.6 3.57±0.06 

Ban Nong-Pong-Lek NW >1 4.4 4.6 4.50±0.10 
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Table A.10 The analysis of the total phosphate value for the shallow wells. 

 
Total Phosphate Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 0.03 0.06 0.05±0.02 

Ban Nong-Som-Khuan NE 0.5 0.11 0.15 0.13±0.02 

Ban Nong-Fuk NE 1 0.1 0.16 0.13±0.03 

Ban Nong-Fuk NE 1 0.2 0.24 0.22±0.02 

Ban Tung-Som-Bat NE 1 0.03 0.05 0.04±0.01 

Ban Tung-Som-Bat NE 1 0.01 0.06 0.04±0.03 

Ban Tung-Cha-rean-Tong NE 1 0.18 0.29 0.25±0.06 

Ban Tung-Som-Bat NE >1 0.13 0.16 0.14±0.02 

Ban Tung-Cha-rean-Tong NE > 1 0.12 0.16 0.14±0.02 

Ban Nong-Som-Khuan SE 0.5 0.11 0.15 0.13±0.02 

Ban Nong-Som-Khuan SE 1 0.1 0.3 0.20±0.10 

Ban Nong-Som-Khuan SE 1 0.04 0.08 0.07±0.02 

Ban Tung Prue SE 1 0.03 0.06 0.05±0.02 

Ban Tung Prue SE >1 0.1 0.12 0.11±0.01 

Ban Tung Prue SE >1 0.01 0.03 0.02±0.01 

Ban Tung Prue SE >1 0.08 0.09 0.09±0.01 

Ban Tung-Kway-Hai SW 0.5 0.13 0.16 0.15±0.02 

Ban Tung-Kway-Hai SW 0.5 0.01 0.03 0.02±0.01 

Ban Tung-Bua SW 1 0.01 0.02 0.01±0.01 

Ban Tung Prue SW 1 0.01 0.03 0.02±0.01 

Ban Nong-Pong-Lek SW >1 0.02 0.04 0.03±0.01 

Ban Nong-Som-Khuan NW 0.5 0.03 0.06 0.05±0.02 

Ban Tung-Cha-rean-Tong NW 1 0.07 0.08 0.08±0.01 

Ban Tung-Cha-rean-Tong NW >1 0.1 0.12 0.11±0.01 

Ban Nong-Ma-Klua NW >1 0.01 0.05 0.03±0.02 

Ban Nong-Ma-Klua NW >1 0.01 0.02 0.01±0.01 

Ban Don-Tao-It NW >1 0.01 0.04 0.03±0.02 

Ban Don-Tao-It NW >1 0.01 0.03 0.02±0.01 

Ban Don-Tao-It NW >1 0.02 0.04 0.03±0.01 

Ban Nong-Pong-Lek NW >1 0.01 0.03 0.02±0.01 

Ban Nong-Pong-Lek NW >1 0.03 0.05 0.04±0.01 

Ban Nong-Pong-Lek NW >1 0.04 0.06 0.05±0.01 
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Table A.11 The analysis of the ammonia nitrogen value for the shallow wells. 

 
Ammonia Nitrogen Value 

Shallow well 
Radius 

(Km.) 
Direction 

Min Max Mean±SD 

Ban Tung-Kway-Hai NE 0.5 0.01 0.03 0.02±0.01 

Ban Nong-Som-Khuan NE 0.5 0.01 0.02 0.01±0.01 

Ban Nong-Fuk NE 1 0.03 0.04 0.04±0.01 

Ban Nong-Fuk NE 1 0.02 0.03 0.03±0.01 

Ban Tung-Som-Bat NE 1 0.04 0.06 0.05±0.01 

Ban Tung-Som-Bat NE 1 0.06 0.07 0.07±0.01 

Ban Tung-Cha-rean-Tong NE 1 0.04 0.06 0.05±0.01 

Ban Tung-Som-Bat NE >1 0.01 0.03 0.02±0.01 

Ban Tung-Cha-rean-Tong NE > 1 0.02 0.04 0.03±0.01 

Ban Nong-Som-Khuan SE 0.5 0.03 0.05 0.04±0.01 

Ban Nong-Som-Khuan SE 1 0.01 0.03 0.02±0.01 

Ban Nong-Som-Khuan SE 1 0.04 0.05 0.05±0.01 

Ban Tung Prue SE 1 0.07 0.08 0.08±0.01 

Ban Tung Prue SE >1 0.03 0.05 0.04±0.01 

Ban Tung Prue SE >1 0.04 0.06 0.05±0.01 

Ban Tung Prue SE >1 0.03 0.05 0.04±0.01 

Ban Tung-Kway-Hai SW 0.5 0.04 0.06 0.05±0.01 

Ban Tung-Kway-Hai SW 0.5 0.04 0.05 0.04±0.01 

Ban Tung-Bua SW 1 0.05 0.06 0.06±0.01 

Ban Tung Prue SW 1 0.03 0.04 0.03±0.01 

Ban Nong-Pong-Lek SW >1 0.01 0.01 0.01±0.00 

Ban Nong-Som-Khuan NW 0.5 0.01 0.02 0.01±0.01 

Ban Tung-Cha-rean-Tong NW 1 0.02 0.03 0.02±0.01 

Ban Tung-Cha-rean-Tong NW >1 0.04 0.05 0.05±0.01 

Ban Nong-Ma-Klua NW >1 0.03 0.04 0.03±0.01 

Ban Nong-Ma-Klua NW >1 0.01 0.02 0.01±0.01 

Ban Don-Tao-It NW >1 0.01 0.02 0.02±0.01 

Ban Don-Tao-It NW >1 0.03 0.04 0.04±0.01 

Ban Don-Tao-It NW >1 0.04 0.05 0.04±0.01 

Ban Nong-Pong-Lek NW >1 0.01 0.03 0.02±0.01 

Ban Nong-Pong-Lek NW >1 0.06 0.08 0.07±0.01 

Ban Nong-Pong-Lek NW >1 0.04 0.06 0.05±0.01 
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APPENDIX B 

 
The result showed that characteristic of shallow well quality , 1989 

 
 

Order Parameter Quantity Unit 

    

1. Conductivity 1,510 µs 

2. pH 6.78  

3. Turbidity 2.0 NTU 

4. Hardness as CaCO3 720 mg/l 

5. Suspended solid 0.006 mg/l 

6. Chloride 253 mg/l 

7. BOD5 6.8 mg/l 

8. COD 8.0 mg/l 

9. Total ,phosphate 0.0032 PPM 

10. Ammonia nitrogen Nil mg/l 

11. Sulphate >40 PPM 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                  M.Sc. (Appro. Techn. For Resou. And Env. Dev.) / 81 

 

APPENDIX C 

 
The calculation with T-Test   

 

 

 

Notes 

Output Created 18-JAN-2008 14:52:39 
Comments   

Data C:\Documents and 
Settings\Administrator\Desktop\Ne.sa
v 

Filter <none> 
Weight <none> 
Split File <none> 

Input 

N of Rows in Working 
Data File 8 

Definition of Missing User defined missing values are 
treated as missing. 

Missing Value 
Handling 

Cases Used Statistics for each analysis are based 
on the cases with no missing or out-
of-range data for any variable in the 
analysis. 

Syntax T-TEST 
   PAIRS = pH Conductivity 
Tubidity SS hardness BOD5 COD 
Chroide Sulphate Phosphate 
Ammonia  WITH refpH refCon refTub 
refSS 
   refhardness refBOD5 
refCOD refChroide refSulphate 
refPhosphate refAmmonia (PAIRED) 
   /CRITERIA = CI(.95) 
   /MISSING = ANALYSIS. 
  

Resources Elapsed Time 0:00:00.27 
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Paired Samples Statistics 

 Mean N Std. Deviation 
Std. Error 

Mean 
pH 7.1638 8 .36111 .12767 Pair 1 
refpH 7.1530 8 .00000 .00000 
Conductivity 3828.2713 8 1666.36802 589.15006 Pair 2 
refCon 4232.0700 8 .00000 .00000 
Tubidity 8.5688 8 3.51244 1.24183 Pair 3 
refTub 6.1100 8 .00000 .00000 
SS 16.5213 8 11.32132 4.00269 Pair 4 
refSS 19.8000 8 .00000 .00000 
hardness 16.5213 8 11.32132 4.00269 Pair 5 
refhardness 242.0000 8 .00000 .00000 
BOD5 2.1850 8 1.25353 .44319 Pair 6 
refBOD5 1.9100 8 .00000 .00000 
COD 8.1813 8 1.30737 .46222 Pair 7 
refCOD 9.2100 8 .00000 .00000 
Chroide 218.4263 8 83.44230 29.50131 Pair 8 
refChroide 232.2000 8 .00000 .00000 
Sulphate 3.9313 8 1.91477 .67697 Pair 9 
refSulphate 3.8900 8 .00000 .00000 
Phosphate .0950 8 .04375 .01547 Pair 

10 refPhosphate .0600 8 .00000 .00000 
Ammonia .0361250 8 .01600391 .00565824 Pair 

11 refAmmonia .0340000 8 .00000000 .00000000 

 

 

 
Paired Samples Correlations 

 N Correlation Sig. 
Pair 1 pH & refpH 8 . . 
Pair 2 Conductivity & refCon 8 . . 
Pair 3 Tubidity & refTub 8 . . 
Pair 4 SS & refSS 8 . . 
Pair 5 hardness & refhardness 8 . . 
Pair 6 BOD5 & refBOD5 8 . . 
Pair 7 COD & refCOD 8 . . 
Pair 8 Chroide & refChroide 8 . . 
Pair 9 Sulphate & refSulphate 8 . . 
Pair 10 Phosphate & 

refPhosphate 8 . . 

Pair 11 Ammonia & refAmmonia 8 . . 
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Paired Samples Test 

  Paired Differences t df 
Sig. (2-
tailed) 

  Mean Std. Deviation 
Std. Error 
Mean 

95% Confidence Interval of 
the Difference       

        Lower Upper       
Pair 1 pH - refpH .01075 .36111 .12767 -.29114 .31264 .084 7 .935 
Pair 2 Conductivity - refCon -

403.79875 1666.36802 589.15006 -1796.91728 989.31978 -.685 7 .515 

Pair 3 Tubidity - refTub 2.45875 3.51244 1.24183 -.47772 5.39522 1.980 7 .088 
Pair 4 SS - refSS -3.27875 11.32132 4.00269 -12.74361 6.18611 -.819 7 .440 
Pair 5 hardness - refhardness -

225.47875 11.32132 4.00269 -234.94361 -216.01389 -56.332 7 .000 

Pair 6 BOD5 - refBOD5 .27500 1.25353 .44319 -.77298 1.32298 .621 7 .555 
Pair 7 COD - refCOD -1.02875 1.30737 .46222 -2.12174 .06424 -2.226 7 .061 
Pair 8 Chroide - refChroide -13.77375 83.44230 29.50131 -83.53326 55.98576 -.467 7 .655 
Pair 9 Sulphate - refSulphate .04125 1.91477 .67697 -1.55954 1.64204 .061 7 .953 
Pair 10 Phosphate - refPhosphate 

.03500 .04375 .01547 -.00158 .07158 2.263 7 .058 

Pair 11 Ammonia - refAmmonia .00212500 .01600391 .00565824 -.01125460 .01550460 .376 7 .718 
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APPENDIX D 
 

ประกาศกระทรวงวิทยาศาสตร เทคโนโลยแีละสิ่งแวดลอม ฉบับที่ 3 (พ.ศ.2539) 
 เร่ือง   กําหนดมาตรฐานควบคุมการระบายน้ําท้ิงจากแหลงกําเนิดประเภท 

โรงงานอุตสาหกรรมและนิคมอุตสาหกรรม 
 

ดัชนีคุณภาพน้ํา คามาตรฐาน วิธีวิเคราะห 
1. คาความเปนกรดและดาง
(pH Value) 

5.5-9.0 pH Meter 

2.คาทีดีเอส (TDS หรือ 
Total Dissolved Solids) 

-ไมเกิน 3,000 มก./ล. หรืออาจแตกตางแลวแตละ
ประเภทของแหลงรองรับน้ําทิ้ง  หรือประเภท
ของโรงงานอุตสาหกรรม   ที่คณะกรรมการ
ควบคุมมลพิษเห็นสมควรแตไมเกิน 5,000 มก./ล. 
-น้ําทิ้ที่จะระบายลงแหลงน้ํากรอยที่มีคาความ
เค็ม (Salinity)  เกิน 2,000 มก./ล. หรือลงสูทะเล 
คาทีดีเอสในน้ําทิ้งจะมีคามากกวาคาทีดีเอส  ที่มี
อยูในแหลงน้ํากรอยหรือน้ําทะเลไดไมเกิน 5,000 
มก./ล. 

ระเหยแหงที่อุณหภูมิ  
103-105 oC เปนเวลา 1 ช่ัวโมง 

3.สารแขวนลอย 
(Suspended Solids) 

ไมเกิน 50 มก./ล. หรืออาจแตกตางแลวแต
ประเภทของแหลงรองรับน้ําทิ้ง  หรือปรเภทของ
โรงงานอุตสาหกรรม  หรือประเภทของระบบ
บําบัดน้ําเสีย  ตามที่คณะกรรมการควบคุมมลพิษ
เห็นสมควรแตไมเกิน 150 มก./ล. 

กรอ งผ านกร ะด าษ ใยแก ว 
(Glass  Fiber  Filter  Disc) 

4.อุณหภูมิ  
(Temperature) 

ไมเกิน 40 oC เครื่องวัดอุณหูมิ  วัดขณะทําการ
เก็บตัวอยางน้ํา 

5.สีหรือกลิ่น ไมเปนที่พึงรังเกียจ ไมไดกําหนด 
6.ซัลไฟด (Sulfide as H2S) ไมเกิน 1.0 มก./ล. Titrate 
7.ไซยาไนด 
(Cyanide as HCN) 

ไมเกิน 0.2 มก./ล. กลั่นและตามดวยวิธี Pyridine 
Barbituric Acid 

8.น้ํามันและไขมัน 
(Fat , Oil and Grease) 

ไมเกิน 5.0 มก./ล. หรืออาจแตกตางแลวแตละ
ประเภทของแหลงรองรับน้ําทิ้ง หรือประเภทของ
โรงงานอุตสาหกรรมตามที่คณะกรรมการ
ควบคุมมลพิษเห็นสมควร  แตไมเกิน 15 มก./ล. 

สกัดดวยตัวทําละลาย  แลวแยก
หาน้ําหนักของน้ํามันและไขมัน 
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ประกาศกระทรวงวิทยาศาสตร เทคโนโลยแีละสิ่งแวดลอม ฉบับที่ 3 (พ.ศ.2539) 
 เร่ือง   กําหนดมาตรฐานควบคุมการระบายน้ําท้ิงจากแหลงกําเนิดประเภท 

โรงงานอุตสาหกรรมและนิคมอุตสาหกรรม (ตอ) 
 

ดัชนีคุณภาพน้ํา คามาตรฐาน วิธีวิเคราะห 
9.ฟอรมัลดีไฮด 
(Formaldehyde) 

ไมเกิน 1.0 มก./ล. Spectrophotometry 

10.สารประกอบฟนอล 
(Phenols) 

ไมเกิน 1.0 มก./ล.  กลั่นและตามดวยวิธี Pyridine 
Barturic Acid 

11.คลอรีนอิสระ 
(Free Chlorine) 

ไมเกิน 1.0 มก./ล. Iodometric Method 

12.สารที่ ใชปองกันหรือ
กํ า จั ดศั ต รู พื ชหรื อสั ต ว 
(Pesticide) 

ตองตรวจไมพบตามวิธีตรวจสอบที่กําหนด Gas-Chromatography 

13.คาบีโอดี (5 วัน  
ที่อุณหภูมิ 20 oC 
 (Biochemica lOxygen  
Demand : BOD)) 

ไมเกิน 20 มก./ล. หรือแตกตางแลวแตประเภท
ของแหลงรองรับน้ําทิ้ง  หรือประเภทของโรงงาน
อุตสาหกรรม   ตามที่คณะกรรมการควบคุม
มลพิษเห็นสมควร  แตไมเกิน 60 มก./ล. 

Azide  Modification ที่อุณหภูมิ 
20 oC เปนเวลา 5 วัน 

14.คาทีเคเอ็น (TKN หรือ 
Total Kjeldahl Nitrogen) 

ไมเกิน  100 มก ./ล . หรืออาจแตกตางแลวแต
ประเภทของแหลงรองรับน้ําทิ้ง  หรือประเภท
ของโรงงานอุตสาหกรรม  ตามที่คณะกรรมการ
ควบคุมมลพิษเห็นสมควร  แตไมเกิน 200 มก./ล. 

Kjeldahl 

15.ค า ซี โ อ ดี  (Chemical 
Oxygen Demand : COD) 

ไมเกิน 120 มก./ล. หรืออาจแตกตางแลวแตละ
ประเภทของแหลงรองรับน้ําทิ้ง  หรือประเภท
ของโรงงานอุตสาหกรรม  ตามที่คณะกรรมการ
ควบคุมมลพิษเห็นสมควร  แตไมเกิน 400 มก./ล. 

Potassium  Dichromate  
Digestion 
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ประกาศกระทรวงวิทยาศาสตร เทคโนโลยแีละสิ่งแวดลอม ฉบับที่ 3 (พ.ศ.2539) 
 เร่ือง   กําหนดมาตรฐานควบคุมการระบายน้ําท้ิงจากแหลงกําเนิดประเภท 

โรงงานอุตสาหกรรมและนิคมอุตสาหกรรม (ตอ) 
 

ดัชนีคุณภาพน้ํา คามาตรฐาน วิธีวิเคราะห 
16.โลหะหนัก  
(Heavy  Metal) 
   1.สังกะสี ((Zn) 
   2.โครเมียม 
ชนิดเฮ็กซาวาเล็นท 
(Hexavalent Chromium) 
   3.โครเมียม 
ชนิดไตรวาเลนท 
(Trivalent Chromium) 
   4.ทองแดง (Cu) 
   5.แคดเมียม (Cd) 
   6.แบเรียม (Ba) 
   7.ตะกั่ว (Pb) 
   8.นิเกิล (Ni) 
   9.แมงกานีส (Mn) 
   10.อารเซนิค (As) 
   11.เซเลเนียม (Se) 
   12.ปรอท (Hg) 
 

 
 
ไมเกิน 5.0 มก./ล. 
ไมเกิน 0.25 มก./ล. 
 
 
ไมเกิน 0.75 มก./ล. 
 
 
ไมเกิน 2.0 มก./ล. 
ไมเกิน 0.03 มก./ล. 
ไมเกิน 1.0 มก./ล. 
ไมเกิน 0.2 มก./ล. 
ไมเกิน 1.0 มก./ล. 
ไมเกิน 5.0 มก./ล. 
ไมเกิน 0.25 มก./ล. 
ไมเกิน 0.02 มก./ล. 
ไมเกิน 0.005 มก./ล. 

 
 
Atomic  Absorption  
Spectro Photometry  ชนิด  
Direct Aspiration หรือวิธี 
 Plasma Emission 
 Spectroscopy ชนิด 
 Indudtivety Coupled Plasma : 
ICP 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fac. of Grad. Studies, Mahidol Univ.                  M.Sc. (Appro. Techn. For Resou. And Env. Dev.) / 87 

ประกาศคณะกรรมการสิ่งแวดลอมแหงชาติ ฉบับท่ี 8 (พ.ศ. 2537) 
 ออกความในพระราชบัญญัติสงเสริมและรักษาคุณภาพสิ่งแวดลอมแหงชาติ พ.ศ. 2537  

เร่ือง กําหนดมาตรฐานคุณภาพน้ําในแหลงน้ําผิวดิน 
 

เกณฑกําหนดสูงสุดตามการแบงประเภทคุณภาพน้ําตามการใช
ประโยชน ดัชนีคุณภาพน้ํา หนวย 

คา
ทาง
สถิติ ประเภท 

1 
ประเภท 

2 
ประเภท 

3 
ประเภท 

4 
ประเภท 

5 

วิธีการตรวจสอบ 

1.สี กลิ่นและรส 
(Colour , Odor and 
Taste) 

 
- 

 
- 

 
ธ 

 
ธ 

 
ธ 

 
ธ 

 
- 

 
- 

2.อุณหภูม ิ
(Temperature) 

oซ - ธ ธ ธ ธ ธ เครื่องวัดอุณหภูม ิ(Themometer) วัด
ขณะทําการเก็บตัวอยาง 

3.ความเปนกรดและดาง 
(pH) 

- - ธ 5-9 5-9 5-9 - เครื่องวัดความเปนกรดและดางของน้ํา 
(pH meter) ตามวิธีหาคาแบบ 

Electrometric 
4.ออกซิเจนละลาย (DO) มก./ล. P20 ธ 6.0 4.0 2.0 - AZide Modification 
5.บีโอดี (BOD) มก./ล. P80 ธ 1.5 2.0 4.0 - AZide Modification ที่อุณหภูมิ 20 

องศาเซลเซียลเปนเวลา 5 วันติดตอกัน 
6.แบคทีเรียกลุมโคลิ
ฟอรมทัง้หมด (Total 
Coliform Bacteria) 

เอ็ม.พี.เอน็./
100 มล. 

P80 ธ 5,000 20,000 - - Multiple Tube Fermentation 
Technique 

7.แบคทีเรียกลุมฟคอล 
โคลิฟอรม (Fecal 
Coliform Bacteria) 

เอ็ม.พี.เอน็./
100 มล. 

P80 ธ 1,000 4,000 - - Multiple Tube Fermentation 
Technique 

8.ไนเตรต (NO3) ใน
หนวยไนโตรเจน 

มก./ล. - ธ  5.0  - Cadmium Reduction 

9.แอมโมเนีย (NH3) ใน
หนวยไนโตรเจน 

มก./ล. - ธ  0.5  - Distittltion Nesslerization 

10.ฟนอล (Phenol) มก./ล. - ธ  0.005  - Distillation,4-Amino antipyrene 
12.ทองแดง (Cu) มก./ล. - ธ  0.1  - Atomic Absorption-Direct Aspiration 
13.นิคเกิล (Ni) มก./ล. - ธ  0.1  - Atomic Absorption-Direct Aspiration 
14.สังกะสี (Zn) มก./ล. - ธ  1.0  - Atomic Absorption-Direct Aspiration 
15.แคดเมียม (Cd) มก./ล. - ธ  1.0  - Atomic Absorption-Direct Aspiration 
16.โครเมียมชนิด 
เฮกซาวาเลนท 
(Cr-Hexavalent) 

มก./ล. - ธ  0.005* 
0.05** 

 - Atomic Absorption-Direct Aspiration 

17.ตะกั่ว (Pb) มก./ล. - ธ  0.05  - Atomic Absorption-Direct Aspiration 
18.ปรอททั้งหมด 
 (Total Hg) 

มก./ล. - ธ  0.002  - Atomic Absorption-Cold Vapour 
Technique 

19.สารหนู (As) มก./ล. - ธ  0.01   Atomic Absorption-Direct Aspiration 
20.ไซยาไนด (Cyanide) มก./ล. - ธ  0.005  - Pyridine-Barbituric Acid 
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ประกาศคณะกรรมการสิ่งแวดลอมแหงชาติ ฉบับท่ี 8 (พ.ศ. 2537) 
 ออกความในพระราชบัญญัติสงเสริมและรักษาคุณภาพสิ่งแวดลอมแหงชาติ พ.ศ. 2537  

เร่ือง กําหนดมาตรฐานคุณภาพน้ําในแหลงน้ําผิวดิน (ตอ) 
 

เกณฑกําหนดสูงสุดตามการแบงประเภทคุณภาพน้ําตามการใช
ประโยชน ดัชนีคุณภาพน้ํา หนวย 

คา
ทาง
สถิติ ประเภท 

1 
ประเภท 

2 
ประเภท 

3 
ประเภท 

4 
ประเภท 

5 

วิธีการตรวจสอบ 

21.กัมมันตภาพรงัสี 
(Radioactivity) 
-คารังสีแอลฟา (Alpha) 
-คารังสีเบตา (Beta) 

เบคเคอเรล/ล. - ธ  0.1 
1.0 

 - Gas-Chromatography 

22.สารฆาศัตรูพชืและ
สัตวชนิดที่มีคลอรีน
ทั้งหมด (Total 
Organochlorine 
Pesticides) 

มก./ล. - ธ  0.05  - Gas-Chromatography 

23.ดีดีที (DDT) ไมโครกรัม/ล. - ธ  1.0  - Gas-Chromatography 
24.บีเอชซีชนิดแอลฟา
(Alpha-BHC) 

ไมโครกรัม/ล. - ธ  0.02  - Gas-Chromatography 

25.ดิลดริน (Dieldrin) ไมโครกรัม/ล. - ธ  0.1  - Gas-Chromatography 
26.อัลดริน (Aldrin) ไมโครกรัม/ล. - ธ  0.1  - Gas-Chromatography 
27.เฮปตาคลอรและเฮป
ตาคลออีปอกไซด 
(Heptachor & 
Heptachlorepoxide) 

ไมโครกรัม/ล. - ธ  0.2  - Gas-Chromatography 

28.เอนดริน (Endrin) ไมโครกรัม/ล. - ธ  ไม
สามารถ
ตรวจพบ
ไดตาม
วิธีการ
ตรวจ 
สอบที่
กําหนด 

 - Gas-Chromatography 
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APPENDIX E 

 
Picture in Kamphaengsaen Disposal Site 
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