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ABSTRACT 
 The objective of this research was to design a database and develop a Health 
Risk Assessment Model for a cadmium contamination database application that staff 
could access using a web browser. Such a system would allow staff to obtain 
information quickly and easily.  
 
             A Health Risk Assessment Model database was designed using MySQL as the 
Relational Database Management System (RDBMS) and also to support online 
queries to present, add and modify recommended value in model as well as review 
operational results based on each transaction. Apache was used as the web server in 
this system. Professional Home Page (PHP) was used for the interface between web 
server, database, and users. Dynamic Hypertext Markup Language (DHTML) and 
JavaScript language were used to construct a more efficient web-browsing interface. 
 
                 The application consisted of 3 parts. The first part was an input-edit data 
interface which was an application to input cadmium data to the database and edit 
cadmium data in the database. The second part was the Health Risk Assessment 
Model interface for calculating cadmium concentration from database with cadmium 
reference from database. The administration interface enabled administrators to 
manage the data by delete, edit cadmium data from user. 
            Findings show that the system performed quite satisfactorily in terms of 
accuracy, fast response, flexibility and ease of use. 
 
KEY WORDS  :  DATABASE SYSTEM / HEALTH RISK ASSESSMENT 

MODEL / CADMIUM 
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 วิทยานิพนธฉบับน้ีเปนการศึกษาเกี่ยวกับการประยุกตใชระบบฐานขอมูลเพ่ือการพัฒนาแบบจําลอง
การประเมินความเส่ียงดานสุขภาพจากการไดรับสารแคดเมียม โดยมีวัตถุประสงคเพ่ือที่จะทําการออกแบบ
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CHAPTER I 

INTRODUCTION 

 

 
1.1 Background Justification 

 

Cadmium is heavy metal hazardous to human health because of its ability to 

spread itself in the air and water as well as dissolving in the water.  Hence, pH should 

affect the holding of Cadmium and Ion when pH has higher value than 9 cadmiums 

and in the state of insolvent solid agent with water (1) effect of cadmium from 

entering the body depends on the amount received and duration of contacting that 

substance. At certain accumulation, the body would display obvious reaction. For 

example, in Japan, more than 1,000 people received Cadmium from consuming 

contaminated rice. They were diagnosed with having Itai-Itai. In the beginning, they 

were suffering from aching arms, legs, hips which should go away after soaking in the 

hot water. The area between the tooth and the gum is located the yellow ring, so called 

Cadmium ring. Late, the joint would start to jerk frequently and the aching tends to be 

more severe. This is where Cadmium has been accumulated more than 20 to 30 years.  

The patient would feel pain all over the body until he cannot walk because the weight 

of his body has pressed on his spinal cord (2).   

 At Pratad Padang, Mae Sot Sub District, Tak Province, Cadmium 

contamination has been discovered in the water, soil, air and mixing with cultivated 

crops in rather high volume.  Preventive measure for contamination among local 

villagers is another way to check up on their health and guard them from danger. Since 

Cadmium is the toxic substance that can be accumulated in human body. There should 

be good management with the least impact, but planning or measures setting in the 

area need careful consideration in local villagers’ health and quick planning as well as 

deriving from data analysis in the study area. 

   Health risk assessment can be used to plan preventive measures for occurring 

problems and setting up suitable policies. However, in assessing risk, the accurate data 
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are needed for comparison between level of being exposed to danger and actual data in 

the area.  The application of health risk assessment would indicate risky population 

group most likely received danger by analyzing different values in the equation of 

model which resulted from collecting quantitative data of threatening items in the area. 

Since the value derived from the equation is the actual amount of threatening items 

received during that time, it is possible to compare volume received with volume of 

threatening item that may be hazardous to help. Therefore, it is beneficial to apply 

with element that has been accumulated in the body because of its ability to give 

advance warning.  Therefore, it is for certain health advantage to analyze display 

resulting from accumulation of dangerous element when it has reached certain point in 

the body without showing the symptom. Since the value applied with equation in the 

model has been changed continuously, numerous data input must be modified and 

updated for current events, such as differences in ages and weights of the local 

villagers, daily operation, occupation and changeable Cadmium volume to derive at 

results as close as the actual as well as disclosing analysis results for concerned people 

to perceive. In order to analyze data with fine details, quickly and updated, it must 

engage modern technology in solving problem so that risk assessment can be dine 

effectively. 

Presently, database system is widely used because of its ability to store data in 

system with high security. It can be revised easily and quickly through the program. 

Program results are available for use in many forms to support large volume of data 

without effecting data structure as well as be able to check for its accuracy. 

 From the above-mentioned statement, if the database were used in the 

development of health risk assessment model, changing data for health risk assessment 

would be accurate in accordance with principles of storing data in database for 

analysis of data in large volume and involved with different individual factors. Results 

of data analysis from the health risk assessment model should be as close as actual 

event in order to make planning for the heath risk management is more accurate and 

suitable with the situation. 
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1.2 Objectives 

 

1.2.1 To analyze and design database of Health Risk Assessment Model.  

1.2.2 To develop program Health Risk Assessment Model that can be used to 

evaluate the human health risk assessment from exposure to cadmium of Ban Pa Dae, 

Tambon Pratad Padang, Mae-Sot District, Tak Province.   

 

1.3 Scope of Study 

 

 1.3.1 Study area 

 Located on the Thai-Myanmar border, Ban Pa Dae, Tambon Pratad 

Padang, Mae-Sot District, Tak Province is hidden in mountainous area. With the 

abundant supplies of water from Moei River and smaller canalization, local residents 

of Mae Sot have depended on rice, soybean and garlic. 

 

  1.3.2 Scope of work 

• Scope of User   

 User of Cadmium Health Risk Assessment Model is Mae Sot hospital 

staffs. 

• Scope of Data model  

Database in this information system will store the related data as 

follows: 
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Figure 1-1            Study area Ban Pa Dae, Tambon Pratad Padang, Mae-Sot District, Tak 

Province 

 

1) Cadmium Data 

- Concentration of cadmium in surface water  

- Concentration of cadmium in groundwater  

- Concentration of cadmium in soil  

- Concentration of cadmium in air  

- Concentration of cadmium in biota  

2) Health Risk Assessment Data 

- Intake rate of multimedia 

- Exposure frequency 

- Exposure time 

- Surface area available for contact 

- Skin permeability constant 

- Exposure duration 

- Body weight 

- Ingestion per event 

- Conversion factor 

- Reference dose of cadmium 
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1.4 Hypothesis of Study 

 

Health Risk Assessment Model when applying with database system 

should be able to analyze details of individual villager at Padae Village, Pratad Padang 

Sub District, Mae Sot District, Tak Province with the ability to adapt data for 

calculation. 

 

1.5 Expected Result 

  1.5.1 Data from risk assessment containing actual finer details in 

individual weight, age and gender of Ban Pa Dae villagers 

  1.5.2 Database system for working together with risk assessment model 

must be derived 

  1.5.3 Changeable and flexible data based on time frame 

  1.5.4 The database system of Health Risk Assessment Model can be 

applied to further planning and management of other area. 
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CHAPTER II 

LITERATURE REVIEWS 
 

 

2.1 Cadmium (2) 

 

Cadmium had an atomic number of 48, an atomic weight of 112.40 consisting 

of eight stable isotopes (112,114 Cd are most abundant), and a density of 8.65 g.cm-3. In 

several aspects Cd is similar to Zinc(Zn) ; in fact it is almost always associated with 

Zn in mineral deposits and other earth materials. Cadmium is a soft, silvery white, 

ductile metal with a faint bluish tinge. It has a melting point of 321◦C and a boiling 

point of 765◦C. It belongs to group IIb of elements in the periodic table and in aqueous 

solution has the stable 2+ oxidation state. Cadmium is rare element with a 

concentration of ~0.1 ug g-1 in the lithosphere and is stongly chalcophilic, like Zn. 

 In a natural, aerobic freshwater aquatic system with typical Cd-S-CO2 

concentration, Cd2+ is the predominant species below pH 8, CdCO3 is predominant 

from pH8 to pH 10, and Cd(OH)2 is dominant above pH 10. The solubility of Cd is 

minimum at pH 9.5. The speciation of cadmium is generally considered to be 

dominated by dissolved forms except in cases where the concentration of suspended 

particulate matter is high such as “muddy” rivers and reservoirs and near-bottom 

benthic boundary layers, and underlying bottom sediments in river and lake . The 

distribution coefficient between the particulate and the dissolved Cd is remarkably 

consistent for a wide rang of riverine and lacustrine situations. The sorption of 

cadmium on particulate matter and bottom sediments is considered to be a major 

factor affecting its concentration in natural waters. Pickering has quantitatively 

evaluated the role clay minerals, humic substances, and hydrous metal oxides in Cd 

adsorption and concludes that some fraction of the particle-bound Cd is irreversibly 

held by the solid substrate. The concentration of dissolved Cd in average world river 

water is 0.08 ug L-1. 
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2.1.1 Environmental fate tests 

  2.1.1.1 In Water 

Cadmium is more mobile in aquatic environments than most other 

heavy metals. In most natural surface waters, the affinities of complexing ligands for 

cadmium generally follow the order of humic acids > CO3 > OH- ≥ Cl- ≥ SO4 In 

unpolluted natural waters, most cadmium transported in the water column will exist in 

the dissolved state as the hydrated ion Cd(H2O)6
2+. Minor amounts of cadmium are 

transported with the coarse particulates, and only a small fraction is transported with 

the colloids. In unpolluted waters, cadmium can be removed from solution by 

exchanging of cadmium for calcium in the lattice structure of carbonate minerals. In 

polluted or organic-rich waters, adsorption of cadmium by humic substances and other 

organic complexing agents plays a dominant role in transport, partitioning, and 

remobilization of cadmium. Cadmium concentration in water is inversely related to the 

pH and the concentration of organic material in the water. Because cadmium exists 

only in the +2 oxidation state in water, aqueous cadmium is not strongly influenced by 

the oxidizing or reducing potential of the water. However, under reducing conditions, 

cadmium may form cadmium sulfide, which is poorly soluble and tends to precipitate. 

Free (ionic) cadmium seems to be the toxic form and becomes much more prevalent at 

low salinity. Cadmium has a relatively long residence time in aquatic systems. 

  2.1.1.2 In Soil 

In soils, pH, oxidation-reduction reactions, and formation of complexes 

are important factors affecting the mobility of cadmium. Cadmium can participate in 

exchange reactions on the negatively charged surface of clay minerals. In acid soils, 

the reaction is reversible. However, adsorption increases with pH and may become 

irreversible. Cadmium may also precipitate as insoluble cadmium compounds, or form 

complexes or chelates by interaction with organic matter. Freundich Model (3) 

Sorption of Cadmium has relation with organic matter of soil are follow: 
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  O.M. = KC 1/ N 

 

where  O.M = organic matter  

C = Dissolved Concentration of metal equilibrium 

K = Freundich distribution coefficient 

N = factor dependent on chemical 

 

  2.1.1.3 In Air 

  Atmospheric cadmium is in the form of particulate matter, which may 

consist of very small particles if it is produced by combustion processes. The principal 

chemical species in air is cadmium oxide, although some cadmium salts, such as 

cadmium chloride, can enter the air, especially during incineration .These are stable 

compounds that do not undergo significant chemical transformation. The chief fate of 

airborne cadmium is to be dispersed by the wind and, subsequently, deposited by wet 

or dry processes 

 2.1.1.4 Bioconcentration factor  

 In animals, cadmium concentrates in the internal organs rather than in 

muscle or fat. It is typically higher in kidney than in liver, and higher in liver than in 

muscle. Cadmium levels usually increase with age. In fish, it causes lack of calcium 

(hypocalcaemia), probably by inhibiting calcium uptake from the water. How-ever, 

high calcium concentrations in the water protect fish from cadmium up-take by 

competing at uptake sites. Sublethal effects have been reported (4) on the growth and 

reproduction of aquatic invertebrates; there are structural effects on invertebrate gills. 

There is evidence of the selection of resistant strains of aquatic invertebrates after 

exposure to cadmium in the field. The toxicity is variable in fish, salmonoids being 

particularly susceptible to cadmium. Sublethal effects in fish, notably malformation of 

the spine, have been reported (4). The most susceptible life-stages are the embryo and 

early larva, while eggs are the least susceptible. 

Cadmium affects the growth of plants in experimental studies, although 

no field effects have been reported (5). Stomatal opening, transpiration, and 

photosynthesis have been reported to be affected by cadmium in nutrient solutions, but 

the metal is taken up into plants more easily from nutrient solutions than from soil. 
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Terrestrial invertebrates are relatively insensitive to the toxic effects of cadmium, 

probably due to effective sequestration mechanisms in specific organs. For example, 

Terrestrial snails are affected sublethally by cadmium; the main effect is on food 

consumption and dormancy, but only at very high dose levels. Cadmium even at high 

dosage does not lethally affect birds, although kidney damage occurs. Cadmium has 

been reported (4) in field studies to be responsible for changes in species composition 

in populations of microorganisms and some aquatic invertebrates. Leaf litter 

decomposition is greatly reduced by heavy metal pollution, and cadmium has been 

identified as the most potent causative agent for this effect.  

 

2.1.2 Toxicological effects (6) 

2.1.2.1 Acute Effects 

Absorption of ingested cadmium is poor (about 5%), but up to 50% of 

inhaled cadmium is absorbed. Cadmium is concentrated in the liver and kidneys in 

combination with metallothionein, a cadmium-binding protein. Signs of acute oral 

toxicity from soluble cadmium salts are effects on the gastrointestinal tract, kidneys 

and liver. Lethal dose values are in the range of 50-250 mg/kg in rats for the chloride, 

sulphate and nitrate salts. Persistent vomiting, a choking sensation, abdominal pain 

and diarrhoea occur after ingestion of cadmium salts. Following inhalational exposure 

to cadmium the principal toxic effects are on the lungs. Toxicity is initially 

characterised by dyspnoea (shortness of breath), cough, and chest tightness, but at 

levels of exposure sufficient to kill rodents, pulmonary oedema (build-up of fluid in 

the lungs) may develop within 24 hours of exposure and proliferative interstitial 

pneumonitis may occur 3 to 10 days following exposure. 

2.1.2.2 Chronic Effects 

Cadmium is a cumulative toxicant and the human exposure route of 

most concern is long-term exposure to elevated levels of cadmium in the diet. In the 

body, cadmium is primarily bound to metallothionein and these complexes are filtered 

in the kidney so that cadmium accumulates in the renal cortex. Signs of renal 

dysfunction are the first indications of chronic cadmium toxicity. Cadmium affects the 

reabsorption capabilities of the proximal tubules and protein in urine is the first effect 

to be detected. Later signs include amino acids and glucose in urine, and decreased 
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ability to concentrate urine. There are also abnormalities in the handling of uric acid, 

calcium and phosphorus, which can lead to kidney stones and osteomalacia. 

 

2.2 Risk Assessment (7) 

Risk assessment is the process of estimating the potential impact of a chemical, 

physical, microbiological or psychosocial hazard on a specified human population or 

ecological system under a specific set of conditions and for a certain timeframe. 

 

 The major types of risk assessment are below: 

1. Safety risk: Typically low probability of high-level exposure, high-

consequence accidents; acute immediate effects. Timing of response 

critical; obvious cause-effect relationships. Focus is on human safety 

and loss prevention, mainly within workplace boundaries. 

2. Health risk: Typically high probability of low-level exposures, low-

consequence, long-latency, delayed effects. Cause-effect relationships 

not easily established. Focus is on human health, mainly outside the 

workplace or facility. 

3. Ecological or Environmental risk: Subtle effects, myriad interactions 

among population, communities, and ecosystems at micro and macro 

levels: great uncertainty in cause and effect. Focus is on habitat and 

ecosystem impacts that may be manifest far away from the sources of 

concern. 

4. Public welfare or goodwill risk: Community and public perception 

about an organization’s performance and products. Concerns about 

aesthetics, property values, resource used limitation. Negative impacts 

on public perceptions are immediate; positive changes lag action. Focus 

is on public perceptions and values.  

5. Financial risk: Short-term and long-term risk of property or revenue 

loss, liability exposure, insurance recoverability, returns on 

environmental, health, and safety investments. Focus is on operability 

and financial viability. 
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 The 4 step Health Risk Assessment process (8) 

 
Hazard  identification

Toxicity AssessmentExposure assessment

Risk Characterization

Populations
Pathway
Exposure point 
concentration
Intake rates

Frequency of detections
Comparison with background 
concentrations
Consideration of potential 
laboratory contamination
Toxicity, persistence, and 
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Carcinogenic Effects
Use cancer slope factor

Noncarcinogenic Effects
Use reference doses

Supralinear

Sublinear
Linear

Dose

R
e
sp
o
n
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Carcinogens
Risk=Cancer Slope Factor

Noncarcinogens
Hazard Index =
Specific intake/Reference Dose

 
 

Figure 2.1 Conceptual Model of Health Risk Assessment modeling. 
 
 2.2.1 Hazard Identification 

Issue identification identifies issues for which risk assessment is useful and 

establishes a context for the risk assessment by a process of identifying the concerns 

that the risk assessment needs to address. Issue identification draws on all relevant 

lines of information. 

Hazard identification involves determining: 

• What types of health effects might be caused by the agent; and 

• How quickly the adverse health effects might be experienced and their duration. 
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The data for hazard identification will come from a range of toxicological, 

epidemiological, in vitro and mechanistic studies. Not only the agent may need to be 

assessed but, in the case of chemicals, the breakdown products e.g. acrolein as well as 

butadiene when doing environmental monitoring; the four metabolites of atrazine 

(desethylatrazine, desisopropylatrazine, diamonochlorotriazine and hydroxyatrazine) 

when monitoring atrazine contamination of water catchments. Hazard identification 

uses: 

  2.2.1.1. Epidemiologic studies 

                        Human data are often useful in qualitatively establishing the presence 

of an adverse effect in exposed human populations. When there is information on the 

exposure level associated with an appropriate endpoint, epidemiologic studies can also 

provide the basis for a quantitative dose-response assessment. The presence of such 

data obviates the necessity of extrapolating from animals to humans; therefore, human 

studies, when available, are given first priority, with animal toxicity studies serving to 

complement them. In epidemiologic studies, confounding factors that are recognized 

can be controlled and measured, within limits. Case reports and acute exposures 

resulting in severe effects provide support for the choice of critical toxic effect, but 

they are often of limited utility in establishing a quantitative relationship between 

environmental exposures and anticipated effects. Available human studies on ingestion 

are usually of this nature. Cohort studies and clinical studies may contain exposure-

response information that can be used in estimating effect levels, but the method of 

establishing exposure must be evaluated for validity and applicability.  

 

  2.2.1.2 Animal studies 

  For most chemicals, there is a lack of appropriate information on 

effects in humans. In such cases, the principal studies are drawn from experiments 

conducted on nonhuman mammals, for example rat, mouse, rabbit, guinea pig, 

hamster, dog, or monkey. 
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  2.2.1.3 Structure-Activity Relationship Analysis 

  Structure-Activity Relationship Analysis is the process by which 

chemical structure is quantitatively correlated with a well defined process, such as 

biological activity or chemical reactivity. For example, biological activity can be 

expressed quantitatively as in the concentration of a substance required to give a 

certain biological response. Additionally, when physiochemical properties or 

structures are expressed by numbers, one can form a mathematical relationship, or 

quantitative structure-activity relationship, between the two. The mathematical 

expression can then be used to predict the biological response of other chemical 

structures. 

 

 2.2.2 Exposure Assessment 

 Exposure is the contact of an organism with a toxic substance. Exposure 

assessment is the estimation of the magnitude, frequency, duration, and route of 

exposure. The primary tasks of exposure assessments include 1) Characterization of 

exposure setting, 2) Identification of exposure pathways 3) Quantification of exposure. 

  

  2.2.2.1 The exposure assessment proceeds 

The exposure assessment proceeds with the following: 
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Figure 2.2 Common ways for exposures to occur at a contaminated site. (5) 
 
Step 1 Characterization of exposure setting 

In this step, the assessor characterizes the exposure setting with respect to the 

general physical characteristics of the site and the characteristics of the populations on 

and near the site. Basic site characteristics such as climate, vegetation, ground-water 

hydrology, and the presence and location of surface water are identified in this step. 

Populations also are identified and are described with respect to those characteristics 

that influence exposure, such as location relative to the site, activity patterns, and the 

presence of sensitive subpopulations. This step considers the characteristics of the 

current population, as well as those of any potential future populations that may differ 

under an alternate land use. 

 

Step 2 Identification of exposure pathways 

In this step, the exposure assessor identifies those pathways by which the 

previously identified populations may be exposed.  Each exposure pathway describes a 

unique mechanism by which a population may be exposed to the chemicals at or 
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originating from the site. Exposure pathways are identified based on consideration of 

the sources, releases, types, and locations of chemicals at the site; the likely 

environmental fate (including persistence, partitioning, transport, and intermedia 

transfer) of these chemicals; and the location and activities of the potentially exposed 

populations. Exposure points (points of potential contact with the chemical) and routes 

of exposure (e.g., ingestion, inhalation) are identified for each exposure pathway. 

 

Step 3 Quantification of exposure  

In this step, the assessor quantifies the magnitude, frequency and duration of 

exposure for each pathway identified in Step 2. This step is most often conducted in 

two stages: estimation of exposure concentrations and calculation of intakes. 

Estimation of exposure concentrations. In this part of step 3, the exposure assessor 

determines the concentration of chemicals that will be contacted over the exposure 

period.  Exposure concentrations are estimated using monitoring data and/or chemical 

transport and environmental fate models.  Modeling may be used to estimate future 

chemical concentrations in media that are currently contaminated or that may become 

contaminated and current concentrations in media and/or at locations for which there 

are no monitoring data. Calculation of intakes. In this part of step 3, the exposure 

assessor calculates chemical- specific exposures for each exposure pathway identified 

in Step 2.  Exposure estimates are expressed in terms of the mass of substance in 

contact with the body per unit body weight per unit time (e.g., mg chemical per kg 

body weight per day, also expressed as mg/kg-day). These exposure estimates are 

termed "intakes" and represent the normalized exposure rate. Several terms common 

in other EPA documents and the literature are equivalent or related to intake. Chemical 

intakes are calculated using equations that include variables for exposure 

concentration, contact rate, exposure frequency, exposure duration, body weight, and 

exposure averaging time. The values of some of these variables depend on site 

conditions and the characteristics of the potentially exposed population. 

 
 2.2.3 Toxicity Assessments 

 Dose-Response Assessment is the process of quantitatively evaluating the 

toxicity of a given chemical agent as a function of human exposure to that chemical 
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agent. The relationship between the dose of the contaminant administered or received 

and the incidence of adverse health effects in the exposed population forms the basis 

for the quantitative dose-response relationship. From these relationships, toxicity 

values (e.g., reference doses and slope factors) are derived that can be used to estimate 

the incidence or potential for adverse effects in an exposed population. 

  

2.2.4 Risk Characterization 

This section describes the final step of the baseline health risk assessment 

process, risk characterization.  In this step, the toxicity and exposure assessments are 

summarized and integrated into quantitative and qualitative expressions of risk.  To 

characterize potential noncarcinogenic effects, comparisons are made between 

projected intakes of substances and toxicity values; to characterize potential 

carcinogenic effects, probabilities that an individual will develop cancer over a 

lifetime of exposure are estimated from projected intakes and chemical-specific dose-

response information Major assumptions, scientific judgments, and to the extent 

possible, estimates of the uncertainties embodied in the assessment are also presented. 

 

Calculate risks for individual substances 

 

1) Noncarcinogenic effects. 

The measure used to describe the potential for noncarcinogenic toxicity to 

occur in an individual is not expressed as the probability of an individual suffering an 

adverse effect. EPA does not at the present time use a probabilistic approach to 

estimating the potential for noncarcinogenic health effects. Instead, the potential for 

noncarcinogenic effects is evaluated by comparing an exposure level over a specified 

time period (e.g., lifetime) with a reference dose derived for a similar exposure period. 

This ratio of exposure to toxicity is called a hazard index. The noncancer hazard index 

assumes that there is a level of exposure (i.e., RfD) below which it is unlikely for even 

sensitive populations to experience adverse health effects. If the exposure level (E) 

exceeds this threshold (i.e., if E/RfD exceeds unity), there may be concern for 

potential noncancer effects. As a rule, the greater the value of E/RfD above unity, the 

greater the level of concern. Be sure, however, not to interpret ratios of E/RfD as 
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statistical probabilities; a ratio of 0.001 does not mean that there is a one in one 

thousand chance of the effect occurring.  Furthermore, it is important to emphasize 

that the level of concern does not increase linearly as the RfD is approached or 

exceeded because RfDs do not have equal accuracy or precision and are not based on 

the same severity of toxic effects. The slopes of the dose-response curve in excess of 

the RfD can range widely depending on the substance. 

 

Noncancer hazard index 

 

HI = E/RfD 

 

where:  E = exposure level (or intake); 

      RfD = reference dose; and 

   E and RfD are expressed in the same 

 

2) Carcinogenic effects. 

 For carcinogens, risks are estimated as the incremental probability of an 

individual developing cancer over a lifetime as a result of exposure to the potential 

carcinogen (i.e., incremental or excess individual lifetime cancer risk). The guidelines 

provided in this section are Guidelines for consistent with EPA's (1986a) Carcinogen 

Risk Assessment. For some carcinogens, there may be sufficient information on 

mechanism of action that a modification of the approach outlined below is warranted. 

Alternative approaches may be considered in consultation with ECAO on a case-by- 

case basis. The slope factor (SF) converts estimated daily intakes averaged over a 

lifetime of exposure directly to incremental risk of an individual developing cancer.  

Because relatively low intakes (compared to those experienced by test animals) are 

most likely from environmental exposures at Superfund sites, it generally can be 

assumed that the dose-response relationship will be linear in the low-dose portion of 

the multistage model dose-response curve. The slope factor is a constant, and risk will 

be directly related to intake. Thus, the linear form of the carcinogenic risk equation is 

usually applicable for estimating Superfund site risks. This linear low-dose equation is 

described below: 
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Linear low-dose cancer risk equation: 

            Risk = CDI x SF 

Where: Risk = a unitless probability (e.g., 2 x10-5) of an individual developing 

cancer 

CDI = chronic daily intake averaged over 70 years (mg/kg-day) 

     SF   = slope factor, expressed in-1 (mg/kg-day)-1 

 

However, this linear equation is valid only at low risk levels (i.e., below 

estimated risks of 0.01).  For sites where chemical intakes might be high (i.e., risk 

above 0.01), an alternate calculation equation should be used.  The one-hit equation, 

which is consistent with the linear low-dose model given above and described below: 

One-hit equation for high carcinogenic risk levels: 

Risk = 1 – exp (-CDI x SF) 

Where: Risk = a unitless probability (e.g., 2-5 x 10-5 ) of an individual 

developing cancer; 

     exp =  the exponential; 

CDI = chronic daily intake averaged over 70 years (mg/kg-day); 

 

2.3 Information System 

 2.3.1 Management Information System (9)   

 An information system can be defined technically as a set of interrelated 

components that collect, process, store and distribute information to support decision 

making and control in an organization. In addition to supporting decision making, 

coordination and control, information system may also help managers and workers to 

analyze problems, visualize complex subjects, and create new products. 

Information systems contain information about significant people, places, and 

things within the organization or in the environment surrounding it.  

Information means data that have been shaped into a form that is meaningful 

and useful to human beings. Data, in contrast, are stream of raw facts representing 

event occure in organizations or the physical environment before they have been 

organized and arranged into a form that people can understand and use. 
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Three activities in an information system produce the information organizations need 

for making decisions, controlling operations, and output. Input captures are collect raw 

data from with in the organization or from its external environment. Processing 

converts this raw input into a more meaningful form. Output transfers the processed 

information to the people are activities where it will used. Information systems also 

require feedback, which is output that is returned to appropriate members of the 

organization to help them evaluate or correct the input stage. 

  2.3.1.1 Types of Information System 

             There are five major types of systems: Transaction processing system, 

Office automation system, Management information system, Decision support system, 

and Executive support system. (The features of these systems are summarized) Type 

of system. The different types of system are related to each other. TPS is a major 

producer of information for other systems. These other systems both consume 

information and produce information for other systems. 

 
1) Transaction Processing System: TPS 

Transaction Processing Systems (TPS) are the basic business systems 

that serve the operational level of the organization. It is a computerized system that 

performs and records the daily routine transactions necessary to conduct the business. 

Examples are sales order entry, hotel reservation systems, payroll, employee record 

keeping, and shipping. At the operational level, tasks, resources, and goals are 

predefined and highly structured. The decision to grant credit to a customer, for 

instance, is made by a lower-level supervisor according to predefined criteria. All that 

must be determined is whether the customer meets the criteria. 

 

2) Office Systems  

Office systems are information technology applications designed to increase 

data workers’ productivity by supporting the coordinating and communicating 

activities of the typical office. Office systems coordinate diverse information workers, 

geographic units, and functional areas. The systems communicate with customers, 

suppliers, and other organizations outside the firm and serve as a clearinghouse for 

information and knowledge flows. Typical office systems handle and manage 
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documents (through word processing, desktop publishing, document imaging, and 

digital filing), scheduling (through electronic calendars), and communication (through 

electronic mail, voice mail, or videoconferencing). Word processing refers to the 

software and hardware that creates, edits, formats, stores, and prints documents. Word 

processing systems represent the single most common application of information 

technology to office work, in part because producing documents is what offices are all 

about. Desktop publishing produces professional, publishing-quality documents by 

combining output from word processing software with design elements, graphics, and 

special layout features. Companies are now starting to publish documents in the form 

of Web pages for easy access and distribution.  

 

3) Knowledge Work Systems: KWS 

Knowledge Work Systems (KWS) and office systems serve the 

information needs at the knowledge level of the organization. Knowledge work 

systems aid knowledge workers, whereas office automation systems primarily aid data 

workers (although they are also used extensively by knowledge workers). In general, 

knowledge workers are people who hold formal university degrees and who are often 

members of a recognized profession, such as engineers, doctors, lawyers, and 

scientists. Their jobs consist primarily of creating new information and knowledge. 

Knowledge work systems (KWS), such as scientific or engineering design 

workstations, promote the creation of new knowledge and ensure that new knowledge 

and technical expertise are properly integrated into the business. Data workers 

typically have less formal, advanced educational degrees and tend to process rather 

than create information. They consist primarily of secretaries, accountants, filing 

clerks, or managers whose jobs are principally to use, manipulate, or disseminate 

information.  

 

4) Management Information System: MIS 

MIS provides managers with report and, in some case, on-line access to 

the organization's current performance and historical records. MIS primarily serve the 

functions of planning, controlling, and decision making at the management level. MIS 

have highly limited analytical capabilities; they simply use models to present data.  
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5) Decision Support Systems: DSS 

DSS have more advanced analytical capability that permit the user To 

employ several different models to analyze information. These systems draw on 

internal information from TPS and MIS, and they often bring in information from 

external sources (e.g., Current price of financial futures supplied by another company). 

DDS tend to be more interactive, providing users with easy access to data and 

analytical models through user-friendly Computer instructions.  

 

6) Executive Information System: ESS 

ESS are new category of systems that support decision making by 

senior management. They sever the strategic level of the organization. ESS address 

unstructured decision and involve a generalized computing and communications 

environment rather than any fixed application or specific capability. ESS are oriented 

toward external events, although they do draw summarized information from internal 

MIS and DSS. Compared to DSS, ESS tends to make less use of analytical models; 

instead, they deliver information to managers on a demand and highly interactive basis 

in a more open-ended manner. 

 

2.3.2 Systems Development Life Cycle (SDLC) (10) 

 is a software development process, although it is also a distinct process 

independent of software or other Information Technology considerations. It is used by 

a systems analyst to develop an information system, including requirements, 

validation, training, and user ownership through investigation, analysis, design, 

implementation, and maintenance. SDLC is also known as information systems 

development or application development. An SDLC should result in a high quality 

system that meets or exceeds customer expectations, within time and cost estimates, 

works effectively and efficiently in the current and planned information technology 

infrastructure, and is cheap to maintain and cost-effective to enhance. SDLC is a 

systematic approach to problem solving and is composed of several phases, SDLC 

encompasses ten phases: 
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2.3.2.1 Initiation Phase 

  The initiation of a system (or project) begins when a business need or 

opportunity is identified. A Project Manager should be appointed to manage the 

project. This business need is documented in a Concept Proposal. After the Concept 

Proposal is approved, the System Concept Development Phase begins. 

2.3.2.2 System Concept Development Phase 

  Once a business need is approved, the approaches for accomplishing 

the concept are reviewed for feasibility and appropriateness. The Systems Boundary 

Document identifies the scope of the system and requires Senior Official approval and 

funding before beginning the Planning Phase. 

2.3.2.3 Planning Phase 

  The concept is further developed to describe how the business will 

operate once the approved system is implemented, and to assess how the system will 

impact employee and customer privacy. To ensure the products and /or services 

provide the required capability on-time and within budget, project resources, activities, 

schedules, tools, and reviews are defined. Additionally, security certification and 

accreditation activities begin with the identification of system security requirements 

and the completion of a high level vulnerability assessment. 

2.3.2.4 Requirements Analysis Phase 

  Functional user requirements are formally defined and delineate the 

requirements in terms of data, system performance, security, and maintainability 

requirements for the system. All requirements are defined to a level of detail sufficient 

for systems design to proceed. All requirements need to be measurable and testable 

and relate to the business need or opportunity identified in the Initiation Phase. 

2.3.2.5 Design Phase 

  The physical characteristics of the system are designed during this 

phase. The operating environment is established, major subsystems and their inputs 

and outputs are defined, and processes are allocated to resources. Everything requiring 

user input or approval must be documented and reviewed by the user. The physical 

characteristics of the system are specified and a detailed design is prepared. 

Subsystems identified during design are used to create a detailed structure of the 
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system. Each subsystem is partitioned into one or more design units or modules. 

Detailed logic specifications are prepared for each software module. 

2.3.2.6 Development Phase 

The detailed specifications produced during the design phase are 

translated into hardware, communications, and executable software. Software shall be 

unit tested, integrated, and retested in a systematic manner. Hardware is assembled 

and tested. 

2.3.2.7 Integration and Test Phase 

The various components of the system are integrated and systematically 

tested. The user tests the system to ensure that the functional requirements, as defined 

in the functional requirements document, are satisfied by the developed or modified 

system. Prior to installing and operating the system in a production environment, the 

system must undergo certification and accreditation activities. 

2.3.2.8 Implementation Phase 

The system or system modifications are installed and made operational 

in a production environment. The phase is initiated after the system has been tested 

and accepted by the user. This phase continues until the system is operating in 

production in accordance with the defined user requirements. 

2.3.2.9 Operations and Maintenance Phase 

The system operation is ongoing. The system is monitored for 

continued performance in accordance with user requirements, and needed system 

modifications are incorporated. The operational system is periodically assessed 

through In-Process Reviews to determine how the system can be made more efficient 

and effective. Operations continue as long as the system can be effectively adapted to 

respond to an organization’s needs. When modifications or changes are identified as 

necessary, the system may reenter the planning phase. 

2.3.2.10 Disposition Phase 

The disposition activities ensure the orderly termination of the system 

and preserve the vital information about the system so that some or all of the 

information may be reactivated in the future if necessary. Particular emphasis is given 

to proper preservation of the data processed by the system, so that the data is 
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effectively migrated to another system or archived in accordance with applicable 

records management regulations and policies, for potential future access. 

 
2.4 Database Management System (11) 

2.4.1 D 

atabase Management System 

A database management system, or DBMS, is software designed to assist in 

maintaining and utilizing large collections of data, and the need for such systems, as 

well as their use, is growing rapidly. The alternative to using a DBMS is to use adhoc 

approaches that do not carry over from one application to another; for example, to 

store the data in files and write application-specific code to manage it. 

Using a DBMS to manage data has many advantages: 

1) Data independence: Application programs should be as independent 

as possible from details of data representation and storage. The DBMS can provide an 

abstract view of the data to insulate application code from such details. 

2) Efficient data access: A DBMS utilizes a variety of sophisticated 

techniques to store and retrieve data efficiently. This feature is especially important if 

the data is stored on external storage devices. 

3) Data integrity and security: If data is always accessed through the 

DBMS, the DBMS can enforce integrity constraints on the data. For example, before 

inserting salary information for an employee, the DBMS can check that the 

department budget is not exceeded. Also, the DBMS can enforce access controls that 

govern what data is visible to different classes of users. 

                        4) Data administration: When several users share the data, centralizing 

the administration of data can offer significant improvements. Experienced 

professionals, who understand the nature of the data being managed, and how different 

groups of users use it, can be responsible for organizing the data representation to 

minimize redundancy and for fine-tuning the storage of the data to make retrieval 

efficient. 

                         5) Concurrent access and crash recovery: A DBMS schedules 

concurrent accesses to the data in such a manner that users can think of the data as 
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being accessed by only one user at a time. Further, the DBMS protects users from the 

effects of system failures. 

                          6) Reduced application development time: Clearly, the DBMS 

supports many important functions that are common to many applications accessing 

data stored in the DBMS. This, in conjunction with the high-level interface to the data, 

facilitates quick development of applications. Such applications are also likely to be 

more robust than applications developed from scratch because many important tasks 

are handled by the DBMS instead of being implemented by the application. 

 

2.4.2 Type of Database Model 

Common models include:  

2.4.2.1 Network Model 

          The network model is a database model conceived as a flexible way of 

representing objects and their relationships. Its original inventor was Charles 

Bachman, and it was developed into a standard specification published in 1969 by the 

CODASYL Consortium. Where the hierarchical model structures data as a tree of 

records, with each record having one parent record and many children, the network 

model allows each record to have multiple parent and child records, forming a lattice 

structure. The chief argument in favor of the network model, in comparison to the 

hierarchic model, was that it allowed a more natural modeling of relationships 

between entities. Although the model was widely implemented and used, it failed to 

become dominant for two main reasons. Firstly, IBM chose to stick to the hierarchical 

model in their established products such as IMS and DL/I. Secondly, it was eventually 

displaced by the relational model, which offered a higher-level, more declarative 

interface. Until the early 1980s the performance benefits of the low-level navigational 

interfaces offered by hierarchical and network databases were persuasive for many 

large-scale applications, but as hardware became faster, the extra productivity and 

flexibility of the relational model replaced the network model in corporate enterprise 

usage. 

2.4.2.2 Hierarchical Model 

Data is organized into a tree-like structure. The structure allows 

repeating information using parent/child relationships: each parent can have many 
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children but each child only has one parent. All attributes of a specific record are listed 

under an entity type. In a database, an entity type is the equivalent of a table; each 

individual record is represented as a row and an attribute as a column. Entity types are 

related to each other using 1: N mapping, also known as one to many relationships. 

Hierarchical structures were widely used in the first mainframe database management 

systems. However, owing to their restrictions, they often cannot be used to relate 

structures that exist in the real world. Hierarchical relationships between different 

types of data can make it very easy to answer some questions, but very difficult to 

answer others. If a one-to-many relationship is violated (e.g. a patient can have more 

than one physician), then the hierarchy becomes a network. 

2.4.2.3 Relational Model 

A database based on the relational model developed by E.F. Codd. A 

relational database allows the definition of data structures, storage and retrieval 

operations and integrity constraints. In such a database the data and relations between 

them are organised in tables. A table is a collection of records and each record in a 

table contains the same fields.  

Properties of Relational Tables: 

• Values Are Atomic  

• Each Row is Unique  

• Column Values Are of the Same Kind  

• The Sequence of Columns is Insignificant  

• The Sequence of Rows is Insignificant  

• Each Column Has a Unique Name  

Certain fields may be designated as keys, which mean that searches for 

specific values of that field will use indexing to speed them up. Where fields in two 

different tables take values from the same set, a join operation can be performed to 

select related records in the two tables by matching values in those fields. Often, but 

not always, the fields will have the same name in both tables. For example, an "orders" 

table might contain (customer-ID, product-code) pairs and a "products" table might 

contain (product-code, price) pairs so to calculate a given customer's bill you would 

sum the prices of all products ordered by that customer by joining on the product-code 

fields of the two tables. This can be extended to joining multiple tables on multiple 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Inf. Man. on Env. and Res.) / 27 

fields. Because these relationships are only specified at retreival time, relational 

databases are classed as dynamic database management system. The RELATIONAL 

database model is based on the Relational Algebra. 

 

2.4.3 The MySQL DBMS (12) 

MySQL offers a best-of-all world scenario: It runs on many platforms, enjoys a 

low TCO, and is stable. The documentation for MySQL is excellent. MySQL AB has 

a thorough Web site containing reference material, as well as a link to mailing-list 

archives. MySQL AB also offers high-quality support for their products, including a 

service that allows MySQL developers to log in to your server to correct problems and 

proactively help with optimization. MySQL is gaining RDBMS market share because 

it offers stability, support, and low cost 

MySQL versions and features 

MySQL is available for many different operating systems on a variety of 

computer architectures. MySQL currently has versions for Linux, Windows 

95/98/NT/2000, Solaris, FreeBSD, MacOS X, HP-UX, AIX, SCO, SCI Irix, Dec OSF, 

and BSDi. The Linux version runs on a range of architectures that includes Intel libc6, 

Alpha, IA64, SPARC, and S/390. The availability of cross-platform versions has 

enhanced the popularity of MySQL. In addition to the standard MySQL database 

server, an enhanced version of MySQL is available MySQL-Max. MySQL-Max 

includes the standard MySQL server, plus support for transaction-safe tables such as 

InnoDB or Berkeley DB (BDB). MySQL is available as either a binary or a source-

code download; if you want to add a feature to MySQL for your application, you can 

download the source code and modify it to your liking. MySQL is covered under the 

GNU General Public License (GPL) and the GNU Lesser General Public License 

(LGPL). To that end, most versions of MySQL require no license or purchase. 

MySQL also has many Application Programming Interfaces (APIs) to give the 

developer to access and shape the database via programs in various languages. APIs 

are available for C, C++, Tcl, Python, PHP, and Perl. Some of the most popular for 

programming Web interfaces are PHP and Perl. MyODBC makes MySQL ODBC 

compliant as well. MySQL follows nearly the entire SQL-92 standard. As is the case 

with other RDBMS products, MySQL extends the SQL standard in distinctive ways 



Pakorn Saksri  Literature Reviews / 28 

(though it can be run in an ANSI-only mode). Also, as you would expect, if you use 

some of the MySQL specific extensions to the standard, your database may no longer 

be portable to another RDBMS should you choose to change it at a later date. 

The advantage of MySQL 

1 Web applications: Web applications typically feature many reads and few 

writes. MySQL is fast and can meet the demands of Internet speed. In my experience, 

MySQL has proven time and again that it outperforms other RDBMS products in Web 

applications. 

2 Enterprise-level applications: MySQL offers support directly through the 

parent company, MySQL AB. MySQL’s feature set includes just about every-thing 

that an enterprise-level application would need. 

3 Open-source support: MySQL AB is responsive to requests for features as 

well. MySQL is open-source; everyone is welcome to download and extend the code 

to meet his or her needs. 

4 Low overhead: MySQL runs comfortably for many applications on an Intel 

Pentium-class computer with 32 MB of RAM or less. I wouldn’t recommend running 

an enterprise-level MySQL implementation on such a system, but consider the utter 

futility of trying to run a Web application on Internet Information Server with 

Microsoft SQL Server that runs under Windows 2000 on a Pentium-class computer 

with 32 MB of RAM. 

5 Available large table size: MySQL tables can grow large, though they do 

sometimes encounter file-size limitations of the host operating system. Some 

architectures, however, can accommodate up to 8 terabytes (TB) per table using 

MySQL. 

6 Stability: All software is in development. Some features in MySQL are 

newer than others, making them possibly less stable than others. 

 

2.5 Program for development 

2.5.1  Hypertext Transfer Protocol (13) 

Hypertext Transfer Protocol (HTTP) is a method used to transfer or convey 

information on the World Wide Web. Its original purpose was to provide a way to 

publish and retrieve HTML pages. Development of HTTP was coordinated by the 
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World Wide Web Consortium and the Internet Engineering Task Force, culminating in 

the publication of a series of RFCs, most notably RFC 2616, which defines HTTP/1.1, 

the version of HTTP in common use today. HTTP is a request/response protocol 

between clients and servers. The originating client, such as a web browser, spider, or 

other end-user tool, is referred to as the user agent. The destination server, which 

stores or creates resources such as HTML files and images, is called the origin server. 

In between the user agent and origin server may be several intermediaries, such as 

proxies, gateways, and tunnels. An HTTP client initiates a request by establishing a 

Transmission Control Protocol (TCP) connection to a particular port on a remote host 

(port 80 by default; see List of TCP and UDP port numbers). An HTTP server 

listening on that port waits for the client to send a request message. Upon receiving the 

request, the server sends back a status line, such as "HTTP/1.1 200 OK", and a 

message of its own, the body of which is perhaps the requested file, an error message, 

or some other information.  

 

2.5.2 PHP (Hypertext Preprocessor) (14) 

PHP is an interpreted scripting language, meaning that the language engine 

simply runs the scripts you have written with no necessary intermediate steps to 

compile or convert them into binary formats. Most of the scripts that will make up 

your web applications go in the same place as your HTML content files. Files 

containing PHP script will typically have a .php extension, although many people still 

use the older extensions .php3 and .html. Where you place these files will depend on 

how you have configured your web site and what extension the web server will use to 

pass the file to the PHP interpreter. We will refer to this location as the document root.

 When the web server receives a request for an appropriately named file, it 

passes this to the PHP engine, which then processes the file one line at a time. For 

lines that do not contain PHP code (typically, lines containing HTML markup), the 

server emits them untouched and executes any PHP script code as it is seen. With this 

in mind, we write our first program, which is a mixture of PHP and HTML.  
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Figure 2.3 Work of Web server 

 
 
 
 
 
 
 
 

Figure 2.4 Work of Web server with PHP 
 
 
 
 
 
 
 
 
 

Figure 2.5 Work of PHP with Mysql 
 
 
2.5.3 WEB SERVER APACHE (15) 

Apache HTTP Server is a open source web server for Unix-like systems, 

Microsoft Windows, Novell NetWare and other operating systems. Apache is notable 

for playing a key role in the initial growth of the World Wide Web, and continues to 

be the most popular web server in use, serving as the de facto reference platform 

against which other web servers are designed and judged. Apache features 

configurable error messages, DBMS-based authentication databases, and content 

negotiation. It is also supported by several graphical user interfaces (GUIs) which 

permit easier, more intuitive configuration of the server. Apache is developed and 

maintained by an open community of developers under the auspices of the Apache 

Software Foundation. 
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2.6 The related research 

 

Research of Kamol Sinsuantaen(16) establish and applies an academic 

electronic journal system by using the methods of Structural Analysis and Design 

(SAD) and System Development Life Cycle (SDLC) were utilized for system 

establishment. The system was evaluated by an expert on system analysis. In addition, 

an interview using a questionnaire was provided to evaluate the suitability of the 

system and the user interface. 

 

Research of Phapivat Phatarathiyanon(17) design a database and develop a 

web-based database application. Such a system would allow staff to obtain 

information quickly and easily. In this research Professional home page (PHP) was 

used for the interface between web server, database, and users. Dynamic Hypertext 

Markup Language (DHTML) and JavaScript language were used to construct a more 

efficient web-browsing interface. Findings show that the system performed quite 

satisfactorily in them of accuracy, fast response, flexibility and ease of use. 

 

 Research of Mingmit Rakathamwong (18) develop database for ordering the 

products using a web browser program through the internet. This web application 

prototype uses MySQL as a database; at the same time it uses PHP and JavaScript 

language to design the interface between the web browser and users. It was found to 

work accurately and to efficiently support the user requirements. 

 

 Szu-Chich Chen and Chung-Min Liao(19) assess how the human exposure to 

environmental carcinogenic polycyclic aromatic hydrocarbons (PAHs) pollution 

sources generated from industrial, traffic and rural settings, they present a probabilistic 

risk model, appraised with reported empirical data. A probabilistic risk assessment 

framework is integrated with the Potency Equivalence Factors (PEFs), age group-

specific occupancy probability and the Incremental Lifetime Cancer Risk (ILCR) 

approaches to quantitatively estimate the exposure risk for three age groups of adults, 

children, and infants. 
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 The study of S. Obiri, D.K. Dodoo(20) was conducted to evaluate the human 

health risk assessment from exposure to free cyanide via oral and dermal contact of 

surface/underground water by resident adults within the concession of Bogoso Gold 

Limited. The chronic non-cancer health risk from exposure to cyanide in River Bogo 

Upstream is 230 and 43 (by Central Tendency Exposure (CTE) parameters 

respectively). This means that approximately 230 and 43 resident adults are likely to 

suffer diseases related to cyanide intoxication via oral and dermal contact respectively. 

The results showed that health risk for acute exposure to cyanide by the resident adults 

is very high. Hence the residents attribute most of the unexplained deaths in the 

communities to accidental ingestion and dermal contact of cyanide water. 

 

 This research is intended for adopting SDLC for use. It is coincided with the 

study of Kamol Sinsuantaen(16) that had been adjusted to match with minor 

development by maintaining the same design. Result findings indicated matching 

results with the users’ demand. As for workable program, PHP was applied with 

database of MySQL as similar as Phapivat Phatarathiyanon and Mingmit 

Rakathamwong who had developed program commercially but being freeware without 

charges. In order to adapt the program for environmental operation, there must be 

proper improvement in some area. From the study in health risk assessment of Szu-

Chich Chen and Associates to assess polycyclic aromatic Hydrocarbons, interesting 

point is the analysis in group age that divided into 3 groups of adults, children and 

infants has not included fine details in group ages. 

 As for the research of S.Obiri,D.K. Dodoo(20) who had assessed the risk from 

exposing to Cyanide by analysis numerous pathways that came into contact, data and 

collection method as similar as the design of data used in building database for his 

work. Analysis results had displayed the risky pathways quite well. 
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CHAPTER III 

METHODOLOGY 
  

 

This research was the development of health risk assessment model. The 

developmental system was based on the prototyping development methodology. It is a 

development methodology that System Development Life Cycle (SDLC) is adjusted in 

order that the parts of a system can be developed quickly and the used can obtain some 

functionality as soon as possible. This prototyping development methodology applied 

to develop the health risk assessment model can be divided into 7 phases as the 

following. 

 

3.1 The State of Process  

3.1.1 Collect data and identify system requirement of Health risk 

assessment model 

 The data of Cadmium Health Risk Assessment Model are collected and 

reviewed from secondary information for example the book, documents. The detailed 

works are described below: 

3.1.1.1 Hazard identification: review data flow, document and general 

information of cadmium in physical, chemical and biological properties 

environment fate and transfer in study area  

3.1.1.2 Exposure assessment: review data of Cadmium in exposure to 

human. The step is study value use input to calculate of model   

3.1.1.3 Dose-Response assessment:  study toxicity of Cadmium and 

used Reference data of cadmium unit to used is NOEL LOEL LD50 Rfd 

3.1.1.4 Risk characterization: the step that study the data determines the 

probability of an adverse effect to a human population by a toxic substance and 

outlines permissible exposure levels from which standards of exposure are set.  

In this research was to increase efficiency of 4 steps in health risk assessment 

for more details input data sex, age, body weight. The study area in research is Ban Pa 
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Dae, Tambon Pratad Padang, Mae-Sot District, Tak Province. Therefore, we have to 

consider about area data based at the first time. 

 

3.1.2 System Analysis 

This step is to review of the existing data for analysis Health Risk Assessment 

Model. Use data flow analysis to analyze the system. The components of data flow 

strategy span both requirement determination and system design. Following the flow 

of data through processes tells how data are input, processed, stored, retrieved, used, 

changed and output. The detailed works are below: 

3.1.2.1 Analysis data of health risk assessment process form cadmium data 

in study area 

3.1.2.2 Analysis data flow of health risk assessment process form current 

system 

3.1.2.3 Analysis the new system 

 The following charts are the components of structured analysis: 

  1) Dataflow diagram 

  2) Entity Relationship diagram  

  3) Data dictionary  

 

3.1.3 System Design 

3.1.3.1 Design Database 

Design the database will use entity relationship diagram by program 

PhpMyAdmin. Execute and develop the database to be able to work on the web by 

using the step in analyzing and designing in the system to implement into the actual 

usage. The procedures are as follow: 

3.1.3.1.1 In the operational part, use the program windows as a tool to 

develop the system. 

3.1.3.1.2 In creating the Database system, use the database system 

called MySQL and PhpMyAdmin program to help make it more effective. When the 

creating is done, it is needed to Normalization and set the relation between tables 

within the database system by using the database theory to help analyze. 
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3.1.3.1.3 In designing  and creating form  to assist the input and output 

of the data from database system to be active, use the program PHP as a tool, in which 

the program PHP need the support from any Text editor. In this case the program 

Editplus is the most practical one. 

3.1.3.1.4 The program to use for the web-server is the program Apache.  

3.1.3.2 Design the user interface and function as follow: 

 3.1.3.2.1 Design insert forms, update forms, delete forms  

  Input data separate by data type  

  3.1.3.2.2 Design searching form 

   1) Search by day 

   2) Search by study area 

   3) Search by value 

   4) Search by details  

  3.1.3.2.3 Design calculating form 

   1) Calculating routes of exposure for multiple pathways 

   2) Calculating Hazard Index (HI) for total exposure risk 

         

3.1.4 Development 

All the information in system analysis and system design will be used to 

develop health risk assessment model. From the structure and the model which made 

at the top now come to the construction by this stage 

 1) Install web server Apache version 2.0.54 

  2) Install PHP version 4.3.11 

  3) Install MySQLversion 4.0.24 

 Setting the article database by using MySQL which transforms the 

Normalization. Writing the program from the Logical data flow diagram by using PHP 

with Java.  

 

3.1.5 Testing 

The system testing of this process was divided into 3 levels as follows; 
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1) Program testing – It tested the accuracy of programming and result from 

each parts of program. In each programs, the testing will use the operate data related in 

each programs as the sample data for testing program. 

2) Subsystem testing – It tested the accuracy of any subsystems,especially the 

data linked between each parts of subsystem and the results from each subsystems. 

3) System testing – It tested all functions of program in the system by actual 

conducting. This testing is expected to verify all operation of the system to find out the 

problems and all of errors. 

 

3.1.6 Installation and Create system operation manuals 

 In this phase, program Health Risk Assessment Model are installed at the 

server and convert previous data and imported into the MySQL database. 

 3.1.6.1 Install program into server and backup database be for use program 

 3.1.6.2 Create help file. 

 

3.1.7 System Evaluation 

In this process, new system was evaluated from the users and test Health Risk 

Assessment Model for Cadmium  

3.1.7.1 Evaluation by Users 

It aims to evaluate efficiency of the developed system and summarize 

recommendation from the user. 

 3.1.7.2 Test Health Risk Assessment Model for Cadmium 

The first step in evaluating exposure is the development of model. The basic 

elements of model are described in USEPA [5]. The goal of developing the model is to 

characterize the site with respect to its physical characteristics as well as those of the 

human populations on the site. The output of this step is a qualitative evaluation of the 

site populations with respect to those characteristics that influence exposure. All 

information gathered during this step will support the identification of complete 

plausible exposure pathways. In addition, the information on the potentially exposed 

populations is used to determine the values of some intake variables 
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3.2 Research tools   

 3.2.1 Hardware 

  1) CPU AMD Turion 1.8 GH 

  2) RAM 512 MB 

  3) HARD Disk 60 GB ATA 

  4) VGA Monitor 

  5) Mouse 

  6) Printer 

 3.2.2 Software 

  1) Operating System: Microsoft Windows XP SP2 

  2) Web server: Apache version 2.0.54 

  3) Scripting Language: PHP version 4.3.11, Java Script 

  4) RDBMS: MySQLversion 4.0.24 

  5) Scripting Editor: Phpdesigner 2005 
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CHAPTER IV 

RESULTS AND DISCUSSIONS 
  

 

The development of Health Risk Assessment Model consists of the three parts: 

input-edit data interface, Health Risk Assessment Model interface and administrator 

interface. Input-edit data interface is an application that to input cadmium data to 

database and edit cadmium data in database for calculator by model. Health Risk 

Assessment Model interface is for calculate cadmium concentration from database 

with cadmium reference from database. Administrator interface that for admin to 

manage the data such as delete, edit cadmium data from user. This model will be able 

to develop into 7 phases as following: 

• Data Collection 

• System Analysis 

• System Design 

• Development 

• System testing 

• User Manual 

• System Evaluation  

 

4.1 Data Collection 

In this stage, the studies are mainly identified from documents; research papers 

and others concerned publications. The results of system analysis are presented below: 

Risk assessment is the methodological approach in which the toxicity of a chemical is 

identified, characterized and analyzed. It quantifies the perceived risk posed to the 

defined receptors by proposed action. According to USEPA Risk Assessment 

Guidance for Superfund (RAGS): Volume I-Human Health Evaluation Manual 

(HHEM)(8), human health risk assessment consists of four distinct steps namely: 

• Hazard Identification: - Identifies the constituent of concern – Cadmium that 

makes significant contribution to exposure and health risk in the study area. 
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• Exposure Assessment: - Evaluates the pathways by which resident adults could 

be exposed to Cadmium present in the study areas. 

• Toxicity Assessment: - Identifies which toxicity criteria have to be used in 

evaluating the human health risk from exposure to Cadmium in the study area. 

• Risk Characterization: - This incorporates information from hazard 

identification, exposure assessment, toxicity assessment and risk estimation to 

evaluate the potential risk exposed to the individuals at the study areas. 

It is against this background that it is important to assess the potential human 

health risks associated with exposure to Cadmium from the study area. 

 

4.1.1 Data from study area 

 - Health information of population from summary report Cadmium-exposed 

Population in Mae Sot District, Tak Province: Prevalence of High Urinary Cadmium 

levels in the Adults. Submitted for publication 2006.(21). 

 - Location and description of study area. 

4.1.2 Data needs for Health Risk Assessment Model 

 - Data of Cadmium concentration in study area. 

 - Data type of Cadmium Collection from summary of Environmental 

samplings in Mae Sot after cadmium contamination. April 2004.of Department of 

Mineral Resources, Ministry of Natural Resources and Environment. 

 - Information of contaminant fate and transport: A conceptual site model for 

this show in figure 4.1. The source of the Cadmium contamination in the study area. 

Based on its chemical properties most of the cadmium would have initially partitioned 

into the sediment due to the elemental cadmium’s low water solubility. 
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Figure 4.1 Conceptual Model Cadmium Exposure Pathways  
 

-Exposure Assessment 

In line with US Environmental Protection Agency’s risk assessment guidelines, 

an exposure assessment deals with the quantification of human exposure to Cadmium 

in surface water/ground water, soil, air, biota in the Ban PhaTe that resident adults 

could impact upon. It also identifies the various exposure pathways by which resident 

adult in the Ban PhaTe area are exposed to Cadmium. The human health effect of 

Cadmium was evaluated for resident adults in study. 

 

Equation for each exposure path way follows :(5) 

 

1. Ingestion of Cadmium from Drinking Water 

 CDI = 
))((

))()()((
ATBW

EDEFIRCW  

 2. Dermal Contact with Cadmium in Water 

  AD = 
))((

))()()()()()((
ATBW

CFEDEFETPCSACW  
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3. Inhalation of Airborne (Vapor Phase) Cadmium 

  CDI = 
))((

))()()()((
ATBW

EDEFETIRCA  

 4. Ingestion of Contaminated Fish and Shellfish 

  CDI = 
))((

))()()()((
ATBW

EDEFFIIRCF  

 5. Ingestion of Contaminated Fruits and Vegetables 

  CDI = 
))((

))()()()((
ATBW

EDEFFIIRCF  

 6. Dermal Contact with Cadmium in Soil 

  AD = 
))((

))()()()()()((
ATBW

EDEFABSAFSACFCS  

 
Where ABS = absorption factor for soil contaminant (unit less) 

AD = absorbed dose (in mg.kg-1.day-1) 

AF = soil-to-skin adherence factor (in mg.cm-2) 

AT = averaging time (in days) 

BW = body weight (in kg) 

CA = contaminant concentration in air (in mg.m-3) 

CDI = chronic daily intake (in mg.kg-1.day-1) 

CF = volumetric conversion factor for water = 1 L.1000cm-3 

     = conversion factor for soil = 10-6 kg.mg-1 

CR = contact rate (in L.h-1) 

CS = chemical concentration in soil (in mg.kg-1) 

CW = chemical concentration in water (in mg.L-1) 

ED = exposure duration (in year) 

EF = exposure frequency (in day.year-1or events.year-1) 

ET = exposure time (h.day-1 or h.event-1) 

FI = fraction ingested (unit less) 

IR = ingestion rate (in L.day-1 or mg.soil.day-1 or kg.meal-1) 

    = inhalation rate (in m3.h-1) 

PC = chemical-specific dermal permeability constant (in cm.h-1) 

SA = skin surface area available for contact (in cm2) 
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-Toxicity Assessment 

There are toxicity data of Cadmium that may be present at this site. Detailed 

review of the toxicity of cadmium is contained in recent Agency for Toxic Substances 

and Disease Registry’s Toxicity Profile for Cadmium, USEPA Integrated Risk 

Information System, USEPA Report to Cogress, 1997. 

-Risk Characterization 

Non-cancer health risk is expressed as hazard indices rather than as 

probabilities. A hazard index compares the estimated daily exposure dose of Cadmium 

to the oral reference dose derived by the US EPA. According to US EPA (1980), 

hazard index is calculated using the equation: 

 

 Hazard Index = Intake [mg/kg-day)/RfD (mg/kg-day)] 

 

4.2 System Analysis 

The main objectives of the project were to help user in creating convenience 

and efficiency in their working processes as well as to help reducing complication in 

the database system. Detail of working processes are presented in the form of data 

flow diagram (DFD). 

 

Data flow Diagram 

The data flow diagram of health risk assessment model show functional 

dependency of the system including the identification of the input and output data. It 

uses to represent a system or software at any level of abstraction. In fact, DFD may be 

partitioned into levels that represent increasing information flow and function flow 

detail. 
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 4.2.1Context Diagram 
 
 

 
 

Figure 4.2 Context Diagram of Health Risk Assessment Model 
 

General user can retrieve Cadmium data from database application only but the 

administrator can check data source before add new data, edit data or delete data after 

must type username and password for management data. 

 

4.2.2 Level 1: Dataflow diagram present data source which consists of 4 child 

process: 

 

- Hazard identification 

- Dose-Response assessment 

- Exposure assessment 

- Risk characterization 
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Figure 4.3 Dataflow diagram: Health Risk Assessment Model 
 

4.2.3 Level 2: Each process of level 1 consists of several insignificant processes. 

4.2.3.1 Level 2: The data editing process consists of 3 child processes: 

- inserting data. 

- Editing data. 

- deleting data.  
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Figure 4.4 Dataflow diagram: The data editing process 
 

 4.2.3.2 Level 2: The selection menu process consists of 3 child processes: 

  - Selected cadmium data 

  - Selected model data  

  - Display data 

 
User Administrator

Selected 
Cadmium data

Selected Model 
data 

Display 
data

Keyword

Cadmium data Model data

Concentration of 
cadmium in zone 

of selected

Value in Table 
parameter  of 

model 

Search 
display result

Search 
display result

 
Figure 4.5 Dataflow diagram: The selection menu process 

 
4.3 System Design 
 

In this step provide database design and application design. 
 
E-R Diagram 
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The Relational Database system is designed by using normalization standard at 

a level of 2NF after an analysis of the new operating system. All of table under 

webbase application part will be designed under the name “cadmium” database tables 

under MySQL database are as following; 

 

The model database with model analysis and results of calculate system try to 

design in relational database that show in Figure 4.6 

 

Drink_water

Drink_age
Demal_water

Body_suf

Body_age
Body_sex
Body_value

inhalation

Id_inhal
Inhal_age
Inhal_sex
Type_work
Inhal_value

Other_para

Id_other
Other_name
Other_value

man

U_name
P_name

zone

Id_zone
Zone_name
X_co
Y_co
Det_zone

Suf_water

Id_suf_water
Suf_zone
Cd_suf_water
Day_suf_water
Season_suf_water

soil

Id_soil
Soil_zone
Cd_soil
Day_soil
Season_soil

rice

Id_rice
Rice_zone
Cd_rice
Type_rice
Day_rice
Season_rice

Sub_water

Id_sub_water
Sub_zone
Cd_sub_water
Day_sub_water
Season_sub_water

air

Id_air
Air_zone
Cd_air
Day_air
Season_air

Fish_shell

Id_fish
Fish_zone
Type_fish

Position_fish
Fish_or_shell

Cd_fish
Day_fish

Season_fish

Soil_zone
Id_zone

Suf_zone

Id_zone

Sub_zone

Id_zone

Rice_zone

Id_zone

Air_zone

Id_zone

Id_zone

Fish_zone

 
 

Figure4.6 ER-Diagram Health Risk Assessment Model for Cadmium 
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Data dictionary 

The detail of structure database is shown in Appendix A (Data Dictionary). 

 

 Database security 

Administrator can manipulate the data two ways; manipulate through the 

RDBMS and web database application. The security database system requires the 

username and password each administrator can get into the database system. 

Administrator is authorized to do everything to the data such as insert, edit and delete 

data. 

 Design User interface 

Input and output screens were user friendly with GUI (Graphic User Interface) 

using PHP and HTML tags. Most of input and out screens were made from hyper 

reference, buttons, textboxes and labels. The results of Design User interface are 

presented below: (Figure 4.7 – 4.10)  
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Figure 4.7 Screen of main program 

 
 
 
 
 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Inf. Man. on Env. and Res.) / 49 

 
 

 
Figure 4.8 Screen of data input  

 
 

 
 
 

Figure 4.9 Screen of Administrator page  
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Figure 4.10 Screen of User Authentication 
 
  

 

 

Work Flow Design. 

 Work Flow was designed using flow chart. It showed the step of work between 

modules within a system and also the easy understanding graphics. There was a flow 

chart for represent the system. 
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Figure 4.11 Proposed Flow Chart for User of Health Risk Assessment Model for 
Cadmium application system. 
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Figure 4.12 Proposed flow chart for admin of Health Risk Assessment Model for 

Cadmium application system. 
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Use case diagram 

A use case diagram is quite simple in nature and depicts two types of elements: 

one representing the business roles and the other representing the business processes. 

Let us take a closer look at use at what elements constitute a use case diagram. 

 

 
 

Figure 4.13 Use Case Diagram of Health Risk Assessment Model for 

Cadmium application system. 

 
 

4.4 Development 

This system can be developed based on information in system design phrase 

above. This application use MySQL as database. PHP is server side programming. 

Apache is Web server.  

 

 4.4.1 Create Database 

  After the relational database was designed, the database was created for 

web-base system later. 
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Figure 4.14 Showing Database by PhpMyAdmin. 
 
 4.4.2 Program Coding 

  The application for retrieval from web browser used the same database 

and HTML was used for displaying on the browser. PHP was used as an interface 

between web server, database and user. The web server used Apache to connect the 

database server to database. 

 

4.5 System testing 

The developed system was tested to ensure that it could work successfully. 

4.5.1 Unit testing 

 This test was focused on the each unit of the information retrieval system and 

the data management system. The user interacted with system through the developed 

forms so that the function of each command button on each page was tested. 

 4.5.2 System testing 

 After all of the units were tested, the overall system testing would be done to 

ensure that the system work successfully. The information retrieval system and the 

data management system might fail to work together, the researcher tested the system. 
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The testing began with the insertion of new data through the data management system, 

after edition and deletion of the data in database was tested. The data has to improve; 

it must be able to show in the retrieval system. The system must precisely link to each 

part. 

 

4.6 User Manual 

This user manual is separately created for the administrator. For the 

administrator, it is provide to support for system maintenance and the register system 

management as show in Appendix B. 

 

4.7 System Evaluation 

 

 4.7.1Test User 

 The evaluation result of model was gained by questionnaires and analyzing 

based on mean of data in each question. This evaluation was divided into 5 levels: 

Excellent, Good, moderate, Poor and Improvement (as see the questionnaire on 

Appendix C). The following are the results of evaluation. 

 

Table 4.1 The results of User evaluation. 

 
Question Excellent Good Moderate Poor Improvement 
1.Input of the system 35 33.3 31.7     
-Screen layout 30 40 30     
-Font color and font size 40 20 40     
-Convenience of data 50 30 20     
-information sortion 30 40 30     
-Usage Information 30 40 30     
-Design User Interface 30 30 40     
2. Data Processing of the 
system 55 30 15     
-Speed of data searching 50 30 20     
-Reduction of steps of Model 60 30 10     
3. Output of system 50 33.3 16.7     
-Display result 30 30 40     
-Appropriate of Model  60 40      
-Accuracy 60 30 10     
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According to table 4.1 the overall of input of the system, 35% of the users felt 

that it was excellent, 33.3% of the users felt that it was good, 31.7% of the users felt it 

was moderate. For the satisfaction is as follow: 

• For screen layout, 30% of the users felt that it was excellent, 40% of the 

users felt that it was good, 30% of the users felt it was moderate. 

• For Font color and font size, 40% of the users felt that it was excellent, 

20% of the users felt that it was good, 40% of the users felt it was 

moderate. 

• For Convenience of data, 50% of the users felt that it was excellent, 

30% of the users felt that it was good, 20% of the users felt it was 

moderate. 

• For Information sorting, 30% of the users felt that it was excellent, 40% 

of the users felt that it was good, 30% of the users felt it was moderate. 

• For Usage Information, 30% of the users felt that it was excellent, 40% 

of the users felt that it was good, 30% of the users felt it was moderate. 

• For Design User Interface, 30% of the users felt that it was excellent, 

30% of the users felt that it was good, 40% of the users felt it was 

moderate. 

Data Processing of the system, 55% of the users felt that it was excellent, 30% 

of the users felt that it was good, 15% of the users felt it was moderate. For the 

satisfaction is as follow: 

• For Speed of data searching, 50% of the users felt that it was excellent, 

30% of the users felt that it was good, 20% of the users felt it was 

moderate. 

• For Reduction of steps of Model, 60% of the users felt that it was 

excellent, 30% of the users felt that it was good, 10% of the users felt it 

was moderate. 
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Output of system, 50% of the users felt that it was excellent, 33.3% of the users 

felt that it was good, 16.7% of the users felt it was moderate. For the satisfaction is as 

follow: 

• For Display result, 30% of the users felt that it was excellent, 30% of 

the users felt that it was good, 40% of the users felt it was moderate. 

• For Appropriate of model, 60% of the users felt that it was excellent, 

40% of the users felt that it was good. 

• For Accuracy, 60% of the users felt that it was excellent, 30% of the 

users felt that it was good, 10% of the users felt it was moderate. 

 4.7.2 Test Health Risk Assessment Model for Cadmium 

The first step in evaluating exposure is the development of model. The basic 

elements of model are described in USEPA(5). The goal of developing the model is to 

characterize the site with respect to its physical characteristics as well as those of the 

human populations the study area. The output of this step is a qualitative evaluation of 

the site populations with respect to those characteristics that influence exposure. All 

information gathered during this step will support the identification of complete 

plausible exposure pathways. In addition, the information on the potentially exposed 

populations is used to determine the values of some intake variables.   

 

Objectives 

The study aimed to determine the presence and extent of adverse health and 

environmental effects of exposure to Cadmium compounds, the possible risk factors 

associated with these adverse effects and to determine the levels and speciation of the 

Cadmium compounds in biological and environmental samples. The purpose of the 

step is to determine the potential health risk associated with chronic exposure to 

cadmium contaminated. And evaluate the relative importance of different exposure 

pathways. 
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Study design 

The health assessment was conducted using an administered validated 

interview questionnaire translated into the local dialect to document demographic data, 

medical histories and health practices. And using GIS mapping based on cadmium 

concentration in soil and rice provided by MOA/IWMI research team, Collaborative 

Project 1998-2003. Data of Body weight used are from Fourth National Food and 

Nutrition Status Survey Report; Thai Ministry of Public Health (1995). And data of 

daily rice intake are from National Food and Nutrition Plan of the 8th National 

Economic and Social Development Plan, 1998.  

 

Study population 

The subjects were stratified into two major groups. The first group is children. 

The second group is adult. In the study population, there were 448 adults, 222 males 

and 226 females with ages ranging from 15 to 59 years. Children of the 219female 

adult subjects were included in the study. 0ne hundred three of the children were 

males and 116 were females, with ages ranging from below 1 years to 14 years.  

 

Risk Calculations: The estimated non-cancer health risk for human exposed to 

cadmium in study area is summarized in table below: 

 

Table 4.2 Calculation of chronic daily intake for multiple exposure pathways. 

  Children Adults 
  4-5 year 14 year 20-29 year 30-39 year 40-49 year 
Body weigth(kg) 16.2 42.4 56.2 57.8 59.3 
surface water ingestion            
maximum concentration  2.85x10-3 1.089x10-3 8.22x10-4 1.14x10-3 1.11x10-3 

minimum concentration 4.32x10-4 1.65x10-4 1.25x10-4 1.73x10-4 1.69x10-4 

ground water ingestion           
maximum concentration  2.32x10-3 8.85x10-4 6.68x10-4 9.27x10-4 9.03x10-4 
minimum concentration 5.19x10-4 1.98x10-4 1.50x10-4 2.07x10-4 2.02x10-4 
fish ingestion            
maximum concentration  2.50x10-2 8.38x10-3 6.32x10-3 6.15x10-3 5.99x10-3 
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Table 4.2 Calculation of chronic daily intake for multiple exposure pathways.(cont.) 

 Children Adults 
 4-5 year 14 year 20-29 year 30-39 year 40-49 year 
minimum concentration 6.83x10-3 2.29x10-3 1.72x10-3 1.62x10-3 1.97x10-3 
Rice ingestion 5.49x10-4 0.039 0.029 0.029 0.028 
soybean ingestion 8.54x10-3 2.86x10-3 2.16x10-3 2.09x10-3 2.04x10-3 
Inhalation           
maximum concentration            
male 0.083 0.043 0.033 0.0316 0.0317 
female 0.0827 0.0346 0.0261 0.0254 0.0254 
minimum concentration           
male 0.014 8.49x10-3 6.40x10-3 6.22x10-3 6.07x10-3 
female 0.014 6.79x10-3 5.12x10-3 4.98x10-3 4.85x10-3 
sediment dermal contact           
maximum concentration            
male 4.42x10-12 3.03 x10-12 2.98 x10-12 2.90 x10-12 2.82 x10-12 
female 4.32 x10-12 3.01 x10-12 2.59 x10-12 2.52 x10-12 2.46 x10-12 
minimum concentration           
male 2.76 x10-13 2.16 x10-13 2.12 x10-13 2.06 x10-13 2.01 x10-13 
female 2.69 x10-13 2.14 x10-13 1.84 x10-13 1.79 x10-13 1.75 x10-13 
surface water dermal contact           
maximum concentration            
male 3.75x10-3 2.57 x10-3 2.52 x10-3 2.45 x10-3 2.39 x10-3 
female 3.66 x10-3 2.55 x10-3 2.20 x10-3 2.14 x10-3 2.08 x10-3 
minimum concentration           
male 5.61 x10-4 4.39 x10-4 4.31 x10-4 4.19 x10-4 4.09 x10-4 
female 5.48 x10-4 4.36 x10-4 3.75 x10-4 3.65 x10-4 3.56 x10-4 
maximum concentration            
male 0.082 0.043 0.032 0.0317 0.0317 
female 0.082 0.034 0.026 0.0254 0.0254 
minimum concentration           
male 0.014 8.49 x10-3 6.40 x10-3 6.22 x10-3 6.07 x10-3 
female 0.014 6.79 x10-3 5.12 x10-3 4.98 x10-3 4.85 x10-3 
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Figure 4.13 Cadmium intake dose via the surface water ingestion route. 
 

Surface water Ingestion 

For calculated using the maximum concentration of the cadmium in surface 

water of 2.93 x10-2 mg/l, minimum concentration of the cadmium in surface water of 5 

x10-3 mg/l. In drinking water ingestion exposure, the levels for children are higher 

than adults. Potential exposure of cadmium via drinking water by children and adults 

is 2.85 x10-3 and 1.11 x10-3 mg/ (kg.day), respectively.  

 

 
 

Figure 4.14 Cadmium intake dose via the ground water Ingestion route. 
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Ground water Ingestion 

For calculated using the maximum concentration of the cadmium in ground 

water of 2.02 x10-2 mg/l, minimum concentration of the cadmium in ground water of 6 

x10-3 mg/l. In drinking water ingestion exposure, the levels for children are higher 

than adults. Potential exposure of cadmium via drinking water by children and adults 

is 2.31 x10-3 and 9.03 x10-4 mg/ (kg.day), respectively.  

 

 
 

Figure 4.15 Cadmium intake dose via the Soil dermal contact route. 
 

Soil Dermal contact 

Fig, 4.15 indicate that the soil dermal contact for adults, children age group 

have risk of 2.82 x10-12 - 4.42 x10-12mg/ (kg.day), respectively. For children age 

groups values are higher than that of adult. Male values are higher than that of female. 
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Figure 4.16 Cadmium intake dose via the Water dermal contact route. 
 

Water Dermal contact 

 Figure 4.16 indicate that the water dermal contact for adults, children age 

group have risk of 3.75 x10-3 – 2.39 x10-3 mg/(kg.day),respectively. For children age 

groups values are higher than that of adult. Male values are higher than that of female. 

 

 
 

Figure 4.17 Cadmium intake dose via the Fish ingestion route. 
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Fish Ingestion 

 For risk assessment purposes, fish samples were collected in rainy season 2003 

and analyzed for total content of   cadmium using the atomic absorption spectrometric 

method. Using the maximum concentration of the cadmium in fish muscles from study 

area was 2.20 mg/l. Cadmium concentrations in fish muscles are known to be affected 

by age, length, and weight. For children age groups values are higher than that of 

adults. Potential exposure of cadmium via Channa stiata ingestion by children and 

adults is 2.50 x10-2 and 5.99 x10-3 mg/(kg.day), respectively. 

 

 
 

Figure 4.18 Cadmium intake dose via the inhalation route. 
 

Inhalation 

The daily exposure concentration can be estimated from model and associated 

with age group-specific. The maximum concentration of inhalation exposure are 

estimated to be 1.02x10-2 mg/m3 during rainy season 2003, The minimum 

concentration of inhalation exposure are estimated to be 2 x10-3  mg/m3 during 

summer season 2003,In inhalation exposure, the levels for children are higher than 

adults (8.27 x10-2 – 3.17 x10-2 mg/(kg.day))respectively. 
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Figure 4.19 Cadmium intake dose via the Rice ingestion route. 
 

Rice Ingestion  

Rice grain samples were collected in summer season 2003.Using the maximum 

concentration of the cadmium in rice grain of 1.86 mg/kg. For adults age groups 

values are higher than that of children. Potential exposure of cadmium via rice grain 

ingestion by children and adults is 3.43 x10-2 and 2.81 x10-2 mg/(kg.day), respectively. 

 

 
 

Figure 4.20 Cadmium intake dose via the Soybean ingestion route. 
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Soybean Ingestion  

Soybean samples were collected in summer season 2003.Using the maximum 

concentration of the cadmium in soybean of 2.54 mg/kg. For adult age groups values 

are higher than that of children. Potential exposure of cadmium via soybean ingestion 

by children and adults is 7.49 x10-3 and 2.05 x10-3 mg/ (kg.day), respectively. 

 
Table 4.3 Summary of intake and risk values. 
 
Pathways\risk index CDI HI 
surface water ingestion  1.40 x10-3 2.807
ground water ingestion 1.13 x10-3 2.279
fish ingestion  1.03 x10-2 20.751
Daily Rice intake 0.032 64.185
soybean ingestion 3.33 x10-3 6.668
Inhalation 
-male 4.44 x10-2 88.899
-female 3.88 x10-2 77.739
sediment dermal contact 
-male 3.23012 x10-12 6.46 x10-9

-female 2.98127 x10-12 5.96 x10-9

surface water dermal contact 
-male 2.74 x10-3 5.485186
-female 2.53 x10-3 5.062606
 
Human health risk assessment summary 

Table 4.2 and 4.3 present intake and risk values for the ingestion, dermal and 

inhalation routes of exposure to cadmium. To evaluate daily intakes this provides 

estimates for the potential risks posed by site contamination. A hazard index greater 

than 1.0, according to US EPA risk assessment guidelines means that the probability 

for the adverse health effects associated with exposure to such chemical is very high. 

Hence, the resident adults are prone to the following sicknesses associated with 

chronic exposure to cadmium: lose bone mass, the kidneys lose their function to 

remove acids from the blood in proximal renal tubular dysfunction. Potential 

noncancer risks for exposure to cadmium at the contaminated site were evaluated by 

comparison of the estimated contaminant intakes from each exposure route (ingestion, 

dermal, inhalation) with the RfD to produce the HI.  
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A total exposure hazard index (HI) is calculated, by summing the individual 

pathways. The HI represents the hazard posed by exposure to cadmium from all routes 

of exposure. From Table 4.3 show that exposure pathway had above 1. For rice daily 

intake (CDI= 3.20 x10-2) hazard index values are higher than that of other pathway 

(HI= 64.185).  

 

Data derived from Cadmium Contamination among Pa dae Villagers 

  Data derived from Cadmium contamination among Pa dae targeted 

villagers are collected from their blood sample data. Result findings suggested 

Cadmium trace presented in the bodies of 2 villagers out of 60 villagers above the 

standard level. Based on the method of Communicable Disease Control, the survey of 

over 10% of patients is conducted by asking data on the patients’ ages, weights, and 

residential times living in the areas, living conditions, occupations, work locations and 

consumption. Data is taken for analysis with model for risk assessment developed by 

the researcher. It is done by comparing with household members who had been 

exposed to Cadmium without blood check in order to analyze the risk that may occur. 

Data from 12 households are show in Appendix D.   

   

Table 4.4 Comparison of hazard index among patient and household. 

 

House No. urinary cadmium HI of patient HI of household 
1 12.06 2.37 2.63 
2 8.02 3.87 3.23 
3 5.67 2.84 3.35 
4 5.34 0.057 0.016 
5 6.12 1.99 2.15 
6 5.28 5.61x10-7 5.23x10-7 
7 5.24 0.11 0.043 
8 17.98 0.0027 0.0091 
9 11.91 0.206 0.087 

10 22.58 6.22x10-4 5.33x10-4 
11 5.93 2.88 4.21x10-5 
12 11.51 0.076 0.082 

 

The researchers assigned and calculated the hazard index as show in Table 4.4. 

The results showed that 5 of household member had hazard index value higher than 
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patient.  The maximum hazard index  of household member is 3.35 from house no.3. 

The minimum hazard index of household member is 5.23x10-7 from house no.6. The 

maximum hazard index of patient (urinary cadmium is 8.02 ug/g creatinine) is 3.87 

from house no.2. The minimum hazard index of patient (urinary cadmium is 5.28 ug/g 

creatinine) is 5.61x10-7 from house no.6. 

 

Data analysis from the model suggested the behavioral differences among 

villagers from consuming vegetables, rice and aquatic animals had given each family 

difference volume of Cadmium. Furthermore, findings from the analysis indicated 

some family that stayed in the area affected less than family stayed since birth. 

However, consumption behavior of the family that has just moved in but consumed 

shells made the amount of Cadmium in their bodies higher than normal and over than 

regular standard. Besides, data on weight comparison between the patient and the 

compared sample suggested the under weight person, including person under poor 

nourishment, weak or sick person would receive more Cadmium than normal people. 

 

Obviously House No. 9 where the patient is only 23 years old, having Anemia, 

frail body and consumed rice that grown at Ban Pa dae has increased major risk. But 

household member even with the same behavior has lower risk and no illness.  

Therefore, it can be stated that consumption behavior and Heath of residence of Ban 

Pa dae may indicate differences of being exposed to Cadmium from developed health 

risk assessment model to support behavioral data in daily living and health 

consumption to be applied with the analysis. 

 

4.8 Discussions 

 

Result findings from using model for health risk assessment suggested the 

design to back up the 2groups. The user is the administrator and the general user. After 

conducting data analysis and entering results in the model, it appeared that the user 

must have some health knowledge to complete the model because entering incorrect 

value may create risk error and analyze wrong results. Users are divided into 3 groups 

as follows:  
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  Administrator is an officer who looks after program and database.  

  User 1 is the combination of doctors and diseases experts with required 

data to choose from. 

User 2 is the authorized individual to access calculation from database 

only without permission to fill in specific information in other parts. This is done to 

prevent the misinterpretation of risk value from the actual.  

  From the study of operational system at Mae Sod Hospital, findings 

suggested database system of MySQL used by the Hospital which was quite dissimilar 

to the design in this research. However, such problems may be solved through the 

application of code sql. In developing this database for the hospital, program code in 

data recalling of PHP must be corrected to make program workable with the other 

existing operational systems.   

As for changing stored data for applying with risk assessment in other 

events, changes can be done immediately at the program or database as well as making 

change in RfD of element needed to assess toxic substances and concentration in the 

area. However, the system can support only expected analyzed toxin at a time.     

  After applying with the operation, it had been discovered that PHP and 

database system could display values and results from the calculations for risk 

assessment through the application of SDLC as similar as the method of Kamol 

Sinsuataen which enabled PHP and MySQL to apply with business. It is also 

coincided with the Phapivat Phatarathiyanon and Mingmit Rakathamwang which has 

been adapted for use with the risk assessment.  

 

Results from the conclusion indicated that analysis outcomes on individual 

health risk assessment from cadmium contamination through the construction of risk 

model had no association with the amount of cadmium individual exposed to which 

could be detected during the examination at Mae Sod Hospital. Data on cadmium 

toxicology and cadmium amount subjected to contamination in the study were also 

applied in this analysis. 

 

 During the study, there was the limitation on adapting database from the 

research of U.S. EPA to improve rational data derived from the study in the input 
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design and data flow program. As for testing input, findings suggested that data on 

volume and quality of data could not be arranged. Therefore, problems occurred 

during the translation of cadmium result as compared to standard value. Besides, some 

facts that may effect the translation of cadmium exposure had not been collected for 

analysis in the study. For example, losing iron and cadmium replacement during the 

female menstruation cycle as well as smoking should increase cadmium amount in the 

body. 

 

 However, this model can reveal results analysis in age, gender of the risky 

group and high volume of cadmium separated for supporting the program’s function 

by extracting data from constructed database which was suitable for assessing 

exposure pathway of cadmium contamination. Therefore, this model should be used in 

the prevention of cadmium contamination by separating analysis based on the 

exposure pathway and risky group. 

 

 This constructed model is intended for being instrument to aid decision-making 

only. It should not be meant for representing all health risk management. So, the 

researcher is not recommended the use of this model alone. In health risk assessment, 

the decision maker should analyze and apply the most agreeable method with chemical 

data and situation.   

      

Regarding the developed program, it can analyze result of health risk 

assessment in fine details in age and gender. This method is more workable than the 

method of Szu-Chich Chich Chen that has separated only age group but not gender 

even though it is one of important factors towards toxic exposure. Furthermore, data 

collection in the concentration of Cadmium as being separated by exposure pathways 

as similar as the method of S.Obiri,D.K. Dodoo that involved with risk assessment of  

Cyanide. Therefore, data outcomes can be analyzed as well as recalling input data for 

the model.  
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CHAPTER V 

CONCLUSION AND RECOMMENDATIONS 
 

 

Design and development of cadmium Health Risk Assessment Model use 

many tools to indicate the result including the internet, system analyses, design and 

development application software PHP to enable users to manage information easily 

and efficiently. The Model application system is not only able to solve problems, but 

also helps familiarly users to use the system. 

 

5.1 Conclusion 

5.1.1 Techniques used in the system 

This system use PHP (Professional Home Page) language and the 

features in Editplus that make it easy. It assumes the developer is already familiar with 

using the PHP server behaviors to interact with a MySQL database. The PHP server 

model in Editplus bring a new group of people to building dynamic web site. MySQL 

is used as database, which is manipulated information of Cadmium data and Model 

data via the internet by browser or program phpMyAdmin. Apache and internet 

Explorer used as web server and web browser program respectively.The developed 

information system was tested, debugged until it gives the following satisfactions: 

 

- The application can support the users to retrieve and access the Cadmium 

Health Risk Assessment Model database. 

- The authorized users can manipulate the data by two ways; manipulate 

through the RDBMS and web database application. The security database 

system requires the username and password each user can get into the 

database system. 

- The application can easily use by typing or selecting the words, buttons, 

and hypertext link. The users can learn how to use the application by 

themselves. 
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- The new design database supports data of Health Risk Assessment Model 

for Cadmium  

- The interface of the application is designed for friendly use and meets the 

user requirements. 

5.1.2 Cadmium Health Risk Assessment Model 

Health risk assessment model from Cadmium contamination are 

evaluated in research using exposure and toxicology information previously discussed. 

The risk characterization is presented in a quantitative and qualitative format. Risk 

estimation methods used in this study were based on USEPA guidelines. Potentially 

complete exposure pathways for this analysis include direct and indirect contact with 

pathway that may become contaminated over time. The methods used to evaluate 

exposure and toxicity is conservative and tends to overestimate risk. 

The resulting HI is a unitless number that represents the ratio of the 

estimated dose from exposure at the site to the RfD, which is assumed to be without 

adverse health impacts. The HI is not a probability of harm and HI= 0.01 does not 

mean that there is a one in one hundred chance of the adverse effect occurring. 

Likewise, HI> 1 one does mean that adverse effects will or have occurred, but that 

adverse effects would be expected based on the exposure scenario and toxicity data 

presented. Inherent in any HI are several uncertainties that should be evaluated prior to 

making a definitive conclusion. Since the HI’s < 1 for each pathway, except finfish 

ingestion, adverse health effects are not expected to result from the exposures 

described in the assessment. Actual exposure from each pathway will probably be less 

than that estimated. Because the HI for the adult is approximately unity, no adverse 

health effects are expected to result from the total exposures estimated in view of the 

conservative assumptions. Like the HI, the HI is a unitless number that is not a 

probability of harm. The HI should not be interpreted as a bright line standard below 

which no effects will occur and above which effects will occur. The HI should be 

examined in light of the uncertainties and assumptions in the entire risk assessment. 
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5.2 Recommendations 

 The Cadmium Health Risk Assessment Model had developed in this study. The 

development can be used and facilitated in information of cadmium data and Health 

Risk Assessment Model data. However, the application needs to be improved in 

further study. The following recommendations are obtained from programmer and 

questionnaire. 

The following issues should be addressed in future research: 

- Model improvements in Health Risk Assessment Model, such as the inclusion 

of a Bioavailability module, are needed. 

- An uncertainty analysis should be performed to operationally data uncertainty 

in the computation of toxicity potentials and to focus further research on parameters 

which contribute dominantly to the uncertainty in toxicity potentials. 

- The HI should not be interpreted as a bright line standard below which no 

effects will occur and above which effects will occur. The HI should be examined in 

light of the uncertainties and assumptions in the entire risk assessment. 

- The program should include Mapserver into model because MapServer was 

selected as the map rendering tool. MapServer played to the strengths of the IT 

department because it’s open source and possesses a PHP API. Additionally, it can 

interoperate with MySQL and supports the required dynamic capabilities. 

- Data of body weight, exposure duration, exposure frequency and average 

daily intake should collect from Questionnaire. 

- Finally, we much using Risk management is performed to decide the 

magnitude of risk that is tolerable in specific circumstances. This is a policy decision 

that weighs the results of the risk assessment against the costs of risk reduction 

techniques and benefits of risk reduction as well as the public acceptance. The risk 

manager recognizes that if a very high certainty in avoiding risk is required, the costs 

in achieving low concentration of the contaminant are likely to be high. To reduce 

risk, the risk manager’s options fall into three categories: change the environment, 

modify the exposure, or compensate for the effects. Frequently, the final choice is a 

blend of the option. These include modifying the environment by reducing the 

concentration of the compounds(C) through engineering measures and modifying the 

exposure by limiting the intake of compounds (CR) by providing warnings and dietary 
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restrictions, or restricting access to contaminated environments and thus reducing the 

exposure time (EFD). The risk manager uses a benefit-cost analysis to choose the 

remedy.  
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APPENDIX A 

Data dictionary 
1. ขอมูลรายละเอียดพื้นท่ี  ตารางช่ือ Zone โดยมีรายละเอียดดังนี้ 
 

Field Type Length Description 

id_zone int 10 รหัสพื้นที่ 

zone_name char 20 ชื่อพื้นที่ 

det_zone char 100 รายละเอียดของพื้นท่ี 

x_co int 6 คาพิกัด x 

y_co int 7 คาพิกัด y 

 
2. ขอมูลปริมาณแคดเมียมในนํ้าผิวดิน ตารางช่ือ suf_water โดยมีรายละเอียดดังนี้ 
 

Field Type Length Description 

id_suf_water(Pk) int 5 รหัสน้ําผิวดิน 

suf_zone char 10 รหัสพื้นที่ 

day_suf_water  date Dd/mm/yyyy วันที่เก็บน้ําผิวดิน 

cd_suf_water decimal 7,6 ปริมาณแคดเม่ียมในนํ้าผิวดิน 

season_suf_water  char 15 ฤดูกาลท่ีเก็บน้ําผิวดิน 
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3. ขอมูลปริมาณแคดเมียมในนํ้าใตดิน ตารางช่ือ sub_water มีรายละเอียดของขอมูลดังนี้ 
 

Field Type Length Description 

id_sub_water  int 5 รหัสน้ําใตดิน 

sub_zone char 10 รหัสพื้นที่ 

day_sub_water date Dd/mm/yyyy วันที่เก็บน้ําใตดิน 

cd_sub_water decimal 7,6 ปริมาณแคดเมียมในนํ้าใตดิน 

season_sub_water char 15 ฤดูกาลท่ีเก็บน้ําใตดิน 

 
4. ขอมูลปริมาณแคดเมียมในดิน ตารางช่ือ soil มีรายละเอียดของขอมูลดังนี้ 
 

Field Type Length Description 

id_soil int 5 รหัสดิน 

soil_zone char 10 รหัสพื้นที่ 

day_soil  date Dd/mm/yyyy วันที่เก็บดิน 

cd_soil  decimal 7,6 ปริมาณแคดเมียมในดิน 

season_soil char 15 ฤดูกาลท่ีเก็บดิน 
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5. ขอมูลปริมาณแคดเมียมในพืชและผักท่ีรับประทาน ตารางช่ือ rice มีรายละเอียดของ
ฐานขอมูล ดังนี้ 
 

Field Type Length Description 

id_rice int 5 รหัสพืช 

rice_zone char 10 รหัสพื้นที่ปลูกพืช 

day_rice date Dd/mm/yyyy วันที่เก็บขอมูลพืช 

cd_rice decimal 7,6 ปริมาณแคดเมียมในพืช 

type_rice char 100 ชนิดของพืช 

season_rice char 15 ฤดูที่เก็บพืช 

 
6. ขอมูลปริมาณแคดเมียมในสัตวน้ํา ตาราง fish_shell โดยมีรายละเอียดของขอมูลดังนี้ 
 

Field Type Length Description 

id_fish  int 5 รหัสสัตว 

fish_zone  char 10 พื้นที่เก็บขอมูลสัตว 

day_fish  date Dd/mm/yyyy วันที่เก็บขอมูลสัตว 

cd_fish decimal 7,6 ปริมาณแคดเมียมในสัตว 

type_fish char 15 ชนิดของสัตวน้ํา 

position_fish  char 8 สวนของสัตวที่รับประทาน 

season_fish  char 15 ฤดูที่เก็บสัตว 
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7. ขอมูลปริมาณแคดเมียมในอากาศ ตาราง air โดยมีรายละเอียดของขอมูลในตารางดังนี้ 
 

Field Type Length Description 

id_air  int 5 รหัสอากาศ 

air_zone char 10 พื้นที่เก็บขอมูลอากาศ 

day_air   date Dd/mm/yyyy วันที่เก็บอากาศ 

cd_air  decimal 7,6 ปริมาณแคดเมียมในอากาศ 

season_air  char 15 ฤดูที่เก็บขอมูล 

 
8. ขอมูลอัตราการดื่มน้ํา ตาราง drink_water โดยมีรายละเอียดของขอมูลดังนี้ 
 

Field Type Length Description 

demal_water  decimal 4,3 ปริมาณการดื่มน้ํา 

drink_age  int 2 ชวงอายุที่ดื่ม 

 
9. ขอมูลอัตราการหายใจ ตาราง inhalation ซ่ึงโครงสรางของฐานขอมูลประกอบดวย 
 

Field Type Length Description 

id_inhal  int 5 รหัสการหายใจ 

inhal_age  int 2 ชวงอายุการหายใจ 

inhal_sex char 6 เพศของผูหายใจ 

type_work char 15 ชนิดการทํางาน 

inhal_value  decimal 4,3 ปริมาณการหายใจเขา 
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10. ช่ือผูใชงานและรหัสผานเขาใชงาน ตาราง auth โครงสรางของฐานขอมูลประกอบดวย 
 

Field Type Length Description 

name varchar 10 ชื่อผูใชงาน 

pass varchar 30 รหัสผาน 

 
11. คามาตรฐานของแคดเมียมที่ตองใชในแบบจําลอง ตาราง other_para ซ่ึงโครงสรางของ
ฐานขอมูลประกอบดวย 
 

Field Type Length Description 

Id_other char 5 รหัสของช่ือมาตรฐาน 

Other_name char 100 ช่ือของมาตรฐาน 

Other_value decimal 7,6 คามาตรฐาน 

det_para char 200 รายละเอียดของมาตรฐาน 

 
12. ขอมูลขนาดของพ้ืนท่ีผิวรางกาย ตาราง body_suf ซ่ึงมีโครงสรางของฐานขอมูล
ประกอบดวย 
 

Field Type Length Description 

body_age int 2 อายุ 

body_sex varchar 6 เพศ 

body_value decimal 4,3 คาของพื้นท่ีผิว 
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APPENDIX B 

 
คูมือการใชงาน 

แบบจําลองการประเมินความเส่ียงดานสุขภาพของชุมชนจากการไดรับสารแคดเมียม: กรณีศึกษา 
บานพะเดะ ตําบลพระธาตุผาแดง อําเภอแมสอด จังหวัดตาก 

จากขอมูลท่ีทําการจัดเก็บไวขอมูลดังกลาวขางตน ทําการพัฒนาระบบเพ่ือการจัดการ
ฐานขอมูล  ใหสามารถทําการสืบคน แกไขและเพิ่มเติมขอมูลตางๆ ในฐานขอมูล รวมถึงเผยแพร
ขอมูลพื้นฐานของแบบจําลอง และความรูเกี่ยวกับแนวคิดและวิธีการประเมินความเส่ียงตอสุขภาพ
ได   ระบบดังกลาวไดถูกพัฒนาข้ึนมาในลักษณะท่ีเปน stand alone ใชงานเฉพาะภายในเครื่องท่ี
ติดต้ังเทานั้น  มีรายละเอียดของระบบฐานขอมูลเพื่อการประเมินความเส่ียงตอสุขภาพจากการไดรับ
สารแคดเมียม ดังนี้  

1. หนาจอหลัก 
สวนของหนาจอหลักประกอบดวยสวนสําคัญ 2 สวน คือ เมนูบาร และหนาจอ

ดําเนินงาน ดังรูป 
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รูปท่ี 1 แสดงหนาจอหลักเม่ือเขาใชงาน 
การรักษาความปลอดภัยระบบฐานขอมูล โดยการกําหนดระดับของผูใชงานฐานขอมูล  

ผูใชงานท่ัวไปไมสามารถเขาสูระบบในสวนของการจัดการฐานขอมูลได เม่ือผูใชงานท่ัวไปเขาสู
ระบบแลว จะปรากฏหนาจอเตือนการเขาใช ดังรูป 

 

 
 

รูปท่ี 2 แสดงหนาจอเม่ือกดเขาท่ีปุม administrator 
 

 
 

รูปท่ี 2 แสดงหนาจอเม่ือกรอก password ผิด หรือไมไดกรอก 
2. การเขาใชงานระบบ (Login)  

การเขาใชงานระบบ (Login)  แบงการเขาใชงานเปน 2 สวน ไดแก  
2.1 การเขาใชงานระบบ (Login)  โดยผูใชงานท่ัวไป 
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  เม่ือเปดโปรแกรมระบบฐานขอมูล จะปรากฏหนาจอ เพื่อเขาใชงานระบบ  เม่ือกด
เลือกวิธีการวิเคราะห ก็จะเขาไปยังหนาจอของการวิเคราะหในแตละรูปแบบได ดังรูป 

 

 
รูปท่ี 3 แสดงหนาจอเม่ือกรอก password ถูกตอง 

 
2.2 การเขาใชงานระบบ (Login)  โดยผูจัดการระบบ 

 เม่ือเปดโปรแกรมระบบฐานขอมูล จะปรากฏหนาจอใหทําการ log in เพื่อเขาใชงาน
ระบบ  ผูท่ีมีหนาท่ีในการบริหารจัดการระบบ กรอก  Username และ password ในการ log in เขาใช
งานระบบ  คลิกปุม “เขาสูระบบ” เพื่อเขาใชงานระบบฐานขอมูลได  ดังรูป 
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3. การแสดงขอมูล  
 การแสดงขอมูล มีรายละเอียดขอมูลเกี่ยวกับ ปริมาณแคดเมียมในน้ํา โดยแยกเปนน้ํา

ผิวดิน น้ําใตดิน ปริมาณแคดเมียมในดิน ปริมาณแคดเมียมในอากาศ ปริมาณแคดเมียมในพืชผัก 
ปริมาณแคดเมียมในส่ิงมีชีวิต คาการวิเคราะห คาท่ีจําเปนสําหรับแบบจําลอง ขอมูลรายละเอียด
พื้นท่ีของการเก็บขอมูล  การแสดงขอมูลแนวคิดและวิธีการในการประเมินความเส่ียงตอสุขภาพ  
และการแสดงผลระดับปริมาณแคดเมียมท่ีจะรับได โดยมีรายละเอียดการแสดงผล ดังนี้ 

3.1 การแสดงขอมูลพื้นฐานของพื้นท่ี  
การแสดงขอมูลพื้นฐานของพ้ืนท่ี สามารถทําไดโดยคลิกเลือกท่ีเมนูบารในสวน

ของเมนูหลัก “ขอมูลพื้นท่ี” จะปรากฏเมนูยอยตางๆ ใหเลือก มีรายละเอียดของแตละเมนูยอย ดังนี้  
 

 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc.(Inf. Man. on Env. and Res.) / 87 

1. รหัสพื้นท่ี 
2. ช่ือของพื้นท่ี 
3. รายละเอียดของพื้นท่ี 
4. คาพิกัดภูมิศาสตร 
5. รูปภาพแสดงของพ้ืนท่ี 

 

 
 

หนาจอของการคํานวณในแบบจําลองการประเมินความเส่ียงตอสุขภาพตอการไดรับสารแคดเมียม 
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รูปหนาจอของการประเมินการสัมผัสในPath way ตางๆ 
 

 
รูปแสดงการวเิคราะหการประเมินการสัมผัสจากการดื่มน้าํ 

 
 จากรูปจะสังเกตพบวามีเคร่ืองหมายหลัง ขอมูลในเร่ือง อายุ น้ําหนัก อัตราการดื่มน้ํา ท่ีตอง
มาจากขอมูลของบุคคลท่ีจะประเมิน 
 สีท่ีแสดงใหเหน็ถึงความแตตางในเร่ืองของการใสขอมูลเพื่อปองกันการใสขอมูลผิดชอง 
และเปนการอธิบายท่ีมาของขอมูลได 
 ตัวเลขท่ีถูกกําหนดเปนคาพืน้ฐานของขอมูลในเร่ืองระยะเวลาท่ีใชเฉล่ียสามารถเปล่ียนแปลง
ไดหากพบวาไมเปนไปตามท่ีกําหนดไว 
 ขอมูลท่ีจะเรียกมาจากฐานขอมูลคืออัตราการดื่มน้ําท่ีมีการวิเคราะหมาจากขอมูลชวงอาย ุ
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รูปแสดงการสัมผัสจากการสัมผัสทางผิวหนังทางนํ้า 

 
 ขอมูลท่ีจะถูกเรียกมาจากฐานขอมูลคือ คาพื้นท่ีผิวของรางกาย ท่ีมาจากการวิเคราะหดวย
ขอมูลจากกาเลือก อายุ และ เพศ ของผูถูกประเมินความเส่ียง  
 คาคงท่ีจําเพาะของสารเคมีนั้นเรียกมาจากฐานขอมูลเทานั้น 
 สีท่ีแสดง หมายถึงลักษณะและท่ีมาของขอมูลเพื่อปองกันการสับสน 
 คาคงท่ีในเร่ืองระยะเวลาท่ีใชเฉล่ียในพืน้ท่ี สามารถเปล่ียนแปลงไดหากพบวาไมตรงกับ
ขอมูลของผูปวย 
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รูปแสดงการคํานวณการสัมผัสของดินทางผิวหนัง 

 
 ขอมูลท่ีจะถูกเรียกมาจากฐานขอมูลคือ คาพื้นท่ีผิวกายท่ีสัมผัส ท่ีมาจากการวิเคราะหดวย
ขอมูลจากกาเลือก อายุ และ เพศ ของผูถูกประเมินความเส่ียง  
 สําหรับคา ปจจัยการติดผิวหนังของดิน และคาปจัยการดดูซึมของแคดเมียม มาจากขอมูลจาก
ฐานขอมูลเทานั้น 

สีท่ีแสดงในรูปแบบตารางนัน้ หมายถึงลักษณะและท่ีมาของขอมูลเพื่อปองกันการสับสน  
 คาคงท่ีในเร่ืองระยะเวลาท่ีใชเฉล่ียในพืน้ท่ี สามารถเปล่ียนแปลงไดหากพบวาไมตรงกับ
ขอมูลของผูปวย 
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รูปแสดงการคํานวณปริมาณส่ิงคุกคามจากการรับประทานสัตวน้ํา 

 
 ขอมูลท่ีสามารถเรียกมาจากฐานขอมูลไดคือ อัตราการรับประทานสัตวน้ํา แตในการ
วิเคราะหนั้น ขอมูลท่ีแสดงใหเห็นเปนสีเดียวกับ น้ําหนักรางกาย จึงแสดงใหเห็นวา ควรมา
จากการสอบถามจากผูถูกประเมิน จึงจะทําใหไดขอมูลที่ดี 
 รายละเอียดของขอมูลท่ีตองกรอกลงไปในแบบจําลอง จะใชสีเปนตัวแยกรูปแบบของ
ขอมูลท่ีจะตองกรอกเพื่อใหงายและมีความถูกตองในการกรอกขอมูล 
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รูปแสดงการคํานวณปริมาณแคดเมียมจากการรับประทานพืชและผัก 

 
 ขอมูลท่ีสามารถเรียกมาจากฐานขอมูลไดคือ อัตราการรับประทาน แตในการวิเคราะห
นั้น ขอมูลท่ีแสดงใหเห็นเปนสีเดียวกับ น้ําหนักรางกาย จึงแสดงใหเห็นวา ควรมาจากการ
สอบถามจากผูถูกประเมิน จึงจะทําใหไดขอมูลที่ดี 
 รายละเอียดของขอมูลท่ีตองกรอกลงไปในแบบจําลอง จะใชสีเปนตัวแยกรูปแบบของ
ขอมูลท่ีจะตองกรอกเพื่อใหงายและมีความถูกตองในการกรอกขอมูล 
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รูปแสดงการคํานวณปริมาณส่ิงคุกคามทางการหายใจ 

 
 ขอมูลท่ีจําเปนหากตองมีการเรียกขอมูลมาจากฐานขอมูลคือ อายุ เพศ และลักษณะของ
การทํางานในพ้ืนที่ ท่ีจะเปนตัวกําหนดการเรียกขอมูลในเร่ืองอัตราการหายใจ ข้ึนมาเพ่ือ
คํานวณในแบบจําลอง 
 รายละเอียดของขอมูลท่ีตองกรอกลงไปในแบบจําลอง จะใชสีเปนตัวแยกรูปแบบของ
ขอมูลท่ีจะตองกรอกเพื่อใหงายและมีความถูกตองในการกรอกขอมูล 
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รูปแสดง การวิเคราะหขอมูล ดัชนีส่ิงคุกคามของ Cadmium 

 
4. หนาจอเมนูชวยเหลือ 
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1. เปนการอธิบายวิธีการประเมิณความเส่ียงตอสุขภาพตามข้ันตอนตางๆท่ีตองใช 
2. เปนการแสดงวิธีการคํานวณและคาตางๆท่ีใชในแบบจําลอง 
3. แสดงคาParameter ท่ีใชในการคํานวณ เพื่อใหเขาใจในเรื่องหนวยของขอมูล 
4. เปนหนาจอท่ีใชในการDownload  ขอมูลท่ีจําเปนตองใช 
5. Website map คือสวนท่ีเปนการเช่ือมโยงขอมูลตามโครงสรางของ โปรแกรม 
 
4. การติดตั้งระบบ 

 กระบวนการดําเนินการเพื่อทําการติดต้ังระบบ มีรายละเอียดดังนี้ 
1. ติดต้ังระบบปฏิบัติการ (Operating System: OS) พรอมท้ังติดต้ัง driver ของ

อุปกรณตอพวงตาง ๆ เชน Printer 
2. ติดต้ังโปรแกรมบริการฐานขอมูล (Database Server) ไดแก MySQL Server 
3. สรางฐานขอมูลโดยทําการ attach database จากแผนโปรแกรม  
4. ทําการติดตั้งโปรแกรมโดยการ install program จากแผน  program 
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APPENDIX C 

 
แบบประเมินผูใชระบบ 

เร่ือง การพัฒนาแบบจําลองการประเมินความเส่ียงดานสุขภาพของชุมชน 
จากการไดรับสารแคดเมียม 

: กรณีศึกษา บานพะเดะ ตําบลพระธาตุผาแดง อําเภอแมสอด จังหวัดตาก 
DEVELOPMENT OF HEALTH RISK ASSESSMENT FROM CADMIUM 

CONTAMINATION IN THE COMMUNITY : CASE STUDY BAN PA DAE, 
TAMBON PRATATPADANG, MAE-SOD DISTRICT, TAK PROVINCE 

 
 

สวนท่ี  1    ขอมูลเก่ียวกับผูกรอกแบบสอบถาม  
 

1. เพศ      ชาย        หญิง 

2. อายุ ....................ป 

3. ระดับการศึกษา .................................................... 2. อายุ ....................ป 

การใชงานแบบจําลองการประเมินความเส่ียงตอสุขภาพ        เคย   ไมเคย 4. 
 

สวนท่ี  2  ความคิดเห็นเก่ียวกับการใชงานระบบ 
โปรดทําเคร่ือง     ลงในชองวางความคิดเห็นของทาน 
 

ระดับความคดิเห็น  

มาก
ท่ีสุด 

มาก ปาน
กลาง 

นอย นอย
ท่ีสุด 

1 ความคิดเหน็เกี่ยวกบัการออกแบบหนาจอ      
- รูปแบบหนาจอเหมาะสมกับการใชงาน      
- ขนาดและรูปแบบตัวอักษรท่ีใช

เหมาะสม 
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- สะดวกในการเขาถึงขอมูล      
- การเรียงลําดับขอมูลมีความเหมาะสม      
- ขอมูลท่ีมีตรงตามความตองการของ

ผูใช 
     

- การออกแบบเมนูทํางาน      
2. ความคิดเหน็เกี่ยวกบัการทํางานของระบบ      

- คนหาขอมูลไดรวดเร็วตามความ
ตองการ 

     

- ลดข้ันตอนการทํางานของModel      

3. ความคิดเหน็เกี่ยวกบัประโยชนท่ีไดรับ      

- สามารถตอบสนองการคนหาขอมูล      

- ความเหมาะสมของวิเคราะห
แบบจําลอง 

     

- ขอมูลมีความถูกตอง      

 
สวนท่ี 3 วิจารณและขอเสนอแนะ 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
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APPENDIX D 

 
Data derived from Cadmium Contamination among Pa dae Villagers 

 

House No.1:  

Data derived from 59 years old female patient, weight 50 kilos who has been 

living in the area since birth and the owner of paddy field at Ban Pa dae. As for data 

of household member for comparison, it is derived from 23 years old female, weight 

45 kilograms who has been living in the area since birth also and unemployed. 

Resident of this household has used village water supply for drinking. Rice and 

vegetables are brought in from other areas for nearly 2 years as well. Edible 

vegetable, such as Diplazium esculentum(Retz.)Swartz is occasionally consumed. As 

for fishes, they are brought in from outside areas also. Calculated patient risk values 

are equaled to 2.37 and 2.63 represented the risk of household member. The compared 

sample is riskier than the patient because factors effecting body weight area available 

less However, the work of household member who worked in the field has created 

less impact with the risk while the impact from consuming rice is more obvious. 

 

House No. 2: 

Cadmium trace is found in the body of 50 years old female, weight 46 kilos 

who has been living in the area since birth and being paddy farmers. Data of 

household member for comparison is gathered from 20 years old male, weight 55 

kilograms and lived in the area since birth and currently studying. Resident of this 

household has used village water supply for both drinking and household 

consumption. Rice and vegetables are brought in from other areas and homegrown as 

well. Edible vegetables are brought in entirely from other areas. They do not consume 

local vegetables. As for fishes, they have been brought in from outside areas, without 

local catch. Calculated risk values are being shown in the patient risk as equaled as 

3.87 and 3.23 represented the risk of household member. Results analysis with model 

suggested the compared sample has lower risk than the patient resulted which may 

result from less body weight and the work has no involvement with Cadmium. 

Somehow, the risk has been increased from growing own rice for consumption. 
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House No. 3: 

Data derived from 67 years old female patient, weight 66 kilos who has been 

living in the area since birth and working as a farmer at Ban Mae Taw Mai area for 8 

hours a day. As for data of household member for comparison, it is derived from 26 

years old female, weight 56 kilograms who has been living in the area since birth also 

and being farmer with own paddy field at Ban Mae Taw Mai and worked 8 hours a 

day. Resident of this household has used village water supply for drinking and 

consumed rice from own paddy field.  Local edible vegetables are consumed, such as 

Diplazium esculentum(Retz.)Swartz and Coccinia grandis oigt 2 or 3 times per month. 

As for fish consumption, it is done once or twice monthly. Fishes are caught mainly in 

striped snake-head fish and snake skin gourami. After analyzed those data with the 

model, calculated patient risk values are equaled to 2.84 and 3.35 represented the risk 

of household member. Member of this household has higher risk than patient found 

with Cadmium because of less weight. Consumed rice and fishes from Ban Padea area 

can cause mush higher risk. 

 

House No. 4: 

Data derived from 46 years old female patient, weight 35 kilograms who has 

been living in the area since birth and working in the field at Doi Jae area for  8 hours 

a day. As for data of household member for comparison, it is derived from 18 years 

old male, weight 45 kilograms who has been living in the area since birth also and 

working in the field for 8 hours a day also. Resident of this household has used village 

water supply for drinking and consumption. Consumed rice grown locally at the 

outside areas, but vegetables are brought in from the outside areas.  They have 

stopped consuming local vegetables for nearly 4 years. As for fish consumption, local 

fishes are no longer available. After analyzed those data with the model, calculated 

patient risk values are equaled to 0.057 and 0.016 represented the risk of household 

member. Patient has higher risk than the compared one with younger age. Besides, 

patient with less weight tends to be easily exposed to Cadmium. Since residence in 

this household has stopped consuming rice grown in the area for sometimes, the risk 

tends to be lower. 
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House No.5: 

Data derived from 43 years old male patient, weight 54 kilos who has been 

living in the area since birth and also working 8 hours a day in the field. As for data of 

household member for comparison, it is derived from 46 years old male, weight 50 

kilograms who has been living in the area for 25 years and working in the field at 

Huay Mae Taw area for 8 hours a day .Resident of this household has used village 

water supply for drinking household consumption and bought drinking water. 

Consumed rice and vegetables brought in from the outside areas.  As for fish 

consumption, it is done 3 to 4 times monthly. After analyzed those data with the 

model, calculated patient risk values are equaled to 1.99 and 2.15 represented the risk 

of household member. Data of compared sample is closer to the patient in age and 

weight with minor difference in gender which effected body size as elated to touching 

soil during work. Amount of Cadmium found in the soil is also low. The compared 

sample is also living into the area for only 25 years which made lower risk of 

cadmium contamination for people who worked in the field. However, household 

members had eaten shells with higher cadmium than fishes, the risk value tended to 

increase higher. 

 

House No.6: 

Data derived from 20 years old male patient, weight 55 kilos who has been 

living in the area for 20 years and working as a farmer with own paddy field near the 

mine for 8 hours a day. As for data of household member for comparison, it is derived 

from 14 years old female, weight 45 kilograms who has been living in the area since 

birth also and being farmer with own paddy field near the mine Resident of this 

household has used village water supply for drinking and consumed rice and 

vegetables brought in from the outside areas.  As for fish consumption, local fishes 

are no longer available. After analyzed those data with the model, calculated patient 

risk values are equaled to 5.61x10-7 and 5.23x10-7represented the risk of household 

member. Patients and samples comparison are young. However, household members 

have been working near the mine with high Cadmium contents in the soil. Risk values 

perhaps came from working duration. However, results still indicated risk at mush 

lower level which may caused by touching only the ground during work. 
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House No.7:  

Data derived from 65 years old male patient, weight 46 kilos who has been 

living in the area for 20 years since birth and working as a farmer at Ban Mae Ku 

area. As for data of household member for comparison, it is derived from 34years old 

male, weight 55 kilograms who has been living in the area for 7 years and working as 

a farmer for 8 hours a day. Resident of this household has used village water supply 

for drinking and consumed rice brought in from the outside areas.  Vegetables 

consumed are consisted of Pak Nam. As for fish consumption, local fishes are no 

longer available. After analyzed those data with the model, calculated patient risk 

values are equaled to 0.11 and 0.043 represented the risk of household member. This 

case is explicitly seen from residential duration at Ban Padae because the compared 

sample moved into the area for only 6 years as compared to the 67 years old patient 

who has been living there since birth which caused higher risk.  

 

House No.8: 

Data derived from 35 years old male patient, weight 13 kilograms who has 

been living in the area for 13 years and working in the orchard at Ban Mae Ku for 8 

hours a day. As for data of household member for comparison, it is derived from 20 

years old female, weight 50 kilograms who has been living in the area since birth and 

currently attending school. Resident of this household has used village water supply 

for drinking and daily consumption and occasionally used rainfall supply. They have 

bought rice from outside areas. They have not consumed local vegetables for more 

than 2 years. As for fish consumption, it is done once or twice monthly. Fishes are 

caught mainly as snake skin gourami. After analyzed those data with the model, 

calculated patient risk values are equaled to 0.0027 and 0.0091 represented the risk of 

household member. Even though people in this house moved into the area recently, 

findings from questioning that they have consumed vegetables and fishes in the area. 

This may be the reason for high volume of Cadmium remained in the body. However, 

the found risk is very little due to short residential duration. 
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House No.9: 

Data derived from 23 years old male patient, weight 25 kilograms who has 

been living in the area since birth and working in the field at Ban Pa dae for 8 hours a 

day. As for data of household member for comparison, it is derived from 45 years old 

female, weight 30 kilograms who has been living in the area since birth also and 

working in the field with own paddy field at Ban Pa dae. Resident of this household 

has used village water supply for drinking and consumed rice from own paddy field. 

Vegetables consumed area brought in from the outside areas. Local edible vegetables 

are occasionally consumed, such as Diplazium esculentum(Retz.)Swartz. As for fish 

consumption, no local fishes are available for consuming. After analyzed those data 

with the model, calculated patient risk values are equaled to 0.206 and 0.087 

represented the risk of household member. In this case, the patient is diagnosed with 

anemic. The body is frail and having less weight which increasing chance of receiving 

Cadmium at higher level than usual. Moreover, household member consumed home 

grown rice at Ban Padae. The patient then received Cadmium at higher volume as 

compared to the sample with lower risk that the patient. This has given the indication 

that patient with less weight who received high Cadmium has more chances to be 

exposed to Cadmium than normal people with the same behavior.  

 

House No.10: 

Data derived from 48 years old male patient, weight 58 kilograms who has 

been living in the area since birth and working in the field at Ban Pa dae for 8 hours a 

day. As for data of household member for comparison, it is derived from 50 years old 

male, weight 65 kilograms who has been living in the area since birth and working in 

own paddy field owned at Ban Pa dae for 8 hours a day. Resident of this household 

has used village water supply for drinking and consumed rice brought from outside 

areas. Local edible vegetables are occasionally consumed, such as kake. As for fish 

consumption, it is done once a month by catching local fishes, mainly snake-head fish 

and snake skin gourami from Huay Mae Taw. After analyzed those data with, 

calculated patient risk values are equaled to 6.22 x10-4 0.206 and 5.33 x10-4 

represented the risk of household member. Risk analyzed from the model indicated 

lower risk for this house than normal standard resulted from household member stop 
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consuming staples grown in the area. Even with fish consumption caught within the 

area, the Cadmium amount is rather low as well as higher body weight cause lower 

risk. Patient with high Cadmium volume may receive Cadmium abruptly. 

 

House No.11: 

Data derived from 35 years old male patient, weight 51 kilograms who has 

been living in the area since birth and working in the paddy field at Ban Padae for 8 

hours a day. As for data of household member for comparison, it is derived from 26 

years old female, weight 47 kilograms who has been living in the area for 8 years and 

working as weaver at home. Resident of this household has used village water supply 

for drinking and consumption and occasionally bought water for consumption. Rice 

and edible vegetables are brought in from outside areas. As for fish consumption, no 

local fishes are available for consuming. After analyzed those data with, calculated 

patient risk values are equaled to 2.88 x10-5 and 4.21 x10-5 represented the risk of 

household member. In this case where body weight and consuming foods grown in 

the area affected more on the exposure to Cadmium by looking at the compared 

sample as weaver worked at home without touching Cadmium still found high trace 

of Cadmium. Perhaps it is resulted from eating vegetables in the area as well as 

having less body weight than the patient even though the compare sample is only 

living in the area for 8 years.    

 

House No.12: 

 Data derived from 58 years old male patient, weight 40 kilograms who has 

been living in the area since birth and working in the paddy field near the mine for 8 

hours a day. As for data of household member for comparison, it is derived from 

57years old female, weight 38 kilograms who has been living in the area since birth 

and working near the mine also at 8 hours a day. Resident of this household has used 

village water supply for drinking and consumption and occasionally bought water for 

consumption. Rice for consumption is grown near the mine and rice and edible 

vegetables are brought in from outside areas. As for fish consumption, no local fishes 

are available for consuming. After analyzed those data with, calculated patient risk 

values are equaled to 0.076 and 0.082 represented the risk of household member. Risk 
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in this house came from eating rice that has grown in the area. Therefore, it is 

discovered that risk from the model is higher than standard as well as having data of 

compared sample with lower weight. Then, the risk of receiving Cadmium is lower. 
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