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(3) DEVELOPMENT OF WATER QUALITY INDEX OF EX-MINING PONDS IN MALAYSIA. ABSTRACT. Assessment of the water quality of ex-mining ponds for its proper utilization is pertinent considering the metal pollutants, and lack of proper environmental measures associated. ay. a. with the mining operations. Water samples from selected lakes in the Central Region of Peninsular Malaysia (Selangor and Negeri Sembilan) and Malacca from the Southern. al. part were analysed in-situ for pH, DO, SS, EC, BOD, AN, and TDS; while metal. M. elements including As, Cd, Pb, Mn, Fe, Na, Mg, and Ca were analysed off-site using inductively coupled plasma mass spectrometry and verified via certified reference. of. materials. The variations in these water quality parameters were explored with. ty. chemometric techniques. The results from the principal component analysis, factor analysis and hierarchical cluster analysis suggested that in addition to the degree of. si. contamination, the variations in heavy metal concentrations were mainly attributed to. ve r. the ex-mining activities, whereas deviations in BOD, TDS, AN, and EC were subjected to the current domestic inputs. The linear discriminant analysis showed that water. ni. samples from the ex-mining ponds were highly associated with the concentrations of. U. Mn, Cd, Ca and As; the model constructed with the training set gave a precise prediction with R2 = 1.000, with no misclassification shown with the validation set. In. Klang Valley, ex-mining ponds generally show low pH compared to the other lakes; the As and Cd levels recorded in most of the ex-mining ponds surpassed the limits of the Malaysian Water Quality Standard which make them unfit for domestic uses. A study of man-made lakes in Melaka and Negeri Sembilan revealed basic pH and low metal concentrations (below the reference values) in which As, Mn, and Mg were associated with ex-mining ponds while pH and Na were associated with other lakes. In this case, iii. 

(4) the high positive loadings of pH, DO, Ca, and TDS on principal component 1 suggests the absence of significant anthropogenic input. Overall, the differences in geology and domestic inputs into the ex-mining ponds significantly affect the water quality and results in variation in the levels of metals and physical-chemical parameters. The associated health risk via ingestion and dermal contacts were also modelled using Monte Carlo simulation and the estimated carcinogenic and non-carcinogenic risks for. a. both adult and children were compared with their benchmarks. Water quality index was. ay. then formulated based on the Malaysian Water Quality Standard and results from chemometric analyses were applied in the parameter selection so as to minimize. al. subjectivity; consequently, As, Cd, Pb, pH, DO, BOD and AN were chosen. The index. M. was applied for the evaluation of water quality of the above mentioned lakes where. of. most of the ex-mining ponds in Klang Valley were classified as very polluted, while those in Melaka and Negeri Sembilan were rated as excellent.. U. ni. ve r. si. ty. Keywords: Water quality, Ex-mining ponds, Lake, Chemometrics, Metals.. iv. 

(5) INDEKS KUALITI AIR BEKAS KOLAM PENAMBANGAN DI MALAYSIA. ABSTRAK Penilaian kualiti air kolam bekas lombong untuk kegunaan yang bersesuaian adalah penting memandangkan wujudnya pencemaran logam dan kurangnya langkah-langkah mesra alam berkaitan dengan operasi perlombongan. Sampel air dari tasik terpilih di. a. Wilayah Tengah Semenanjung Malaysia (Selangor dan Negeri Sembilan) serta Melaka. ay. dari bahagian selatan dianalisis secara in-situ untuk pH, DO, SS, EC, BOD, AN, dan. al. TDS. Analisis unsur logam termasuk As, Cd, Pb, Mn, Fe, Na, Mg, dan Ca dilakukan di makmal dengan menggunakan alat plasma gandingan induktif-spektrometri jisim dan. M. disahkan dengan bahan rujukan yang diperakui. Variasi dalam parameter kualiti air. of. tersebut diteroka menggunakan pelbagai teknik kimometrik. Keputusan daripada analisis komponen utama dan analisis kelompok hierarki menunjukkan bahawa selain. ty. daripada tahap pencemaran, variasi dalam kepekatan logam berat juga berlaku. si. disebabkan oleh aktiviti bekas perlombongan, manakala sisihan dalam BOD, TDS, AN,. ve r. dan EC pula tertakluk kepada input domestik semasa. Analisis diskriminan linear pula menunjukkan bahawa sampel air dari kolam bekas lombong mempunyai korelasi. ni. dengan kepekatan Mn, Cd, Ca, dan As; model yang dibina dengan set latihan memberi. U. ramalan tepat dengan R2 = 1.000, tanpa sebarang kesalahan klasifikasi berdasarkan set pengesahan. Di Lembah Klang, secara umumnya kolam bekas lombong menunjukkan pH rendah berbanding dengan tasik lain; tahap As dan Cd yang terekod di kebanyakan kolam bekas lombong tersebut melepasi had Piawai Kualiti Air Malaysia, yang menjadikannya tidak sesuai untuk kegunaan domestik. Kajian tasik buatan manusia di Melaka dan Negeri Sembilan pula mendedahkan pH bes dan kepekatan logam yang rendah (bawah nilai rujukan) di mana kepekatan As, Mn, dan Mg dapat dikaitkan dengan kolam bekas lombong manakala pH dan Na dikaitkan dengan tasik yang lain.. v. 

(6) Dalam kes ini, muatan positif tinggi pH, DO, Ca, dan TDS ke atas komponen utama 1 menggambarkan ketiadaan input antropogenik yang ketara. Secara keseluruhannya, perbezaan dalam geologi dan input domestik ke atas kolam bekas lombong memberi kesan yang ketara terdahap kualiti air dan menyebabkan perubahan dalam tahap logam dan parameter fiziko-kimia. Risiko kesihatan susulan dari pengambilan dan sentuhan kulit dimodelkan dengan simulasi Monte Carlo dan anggaran risiko karsinogenik dan. a. bukan karsinogenik untuk kumpulan dewasa dan kanak-kanak dibanding dengan. ay. penanda aras masing-masing. Indeks kualiti air kemudiannya dirumuskan berdasarkan piawaian Kualiti Air Malaysia, dan berdasarkan penemuan di atas, pendekatan. al. kimometrik telah digunakan dalam pemilihan parameter supaya dapat mengurangkan. M. subjektiviti di mana As, Cd, Pb, pH, DO, BOD dan AN telah dipilih. Indeks ini telah. of. digunakan untuk penilaian tasik yang dinyatakan di atas di mana sebahagian besar kualiti air kolam bekas lombong di Lembah Klang telah dikelaskan sebagai sangat. si. ty. tercemar, manakala kualiti air di Melaka dan Negeri Sembilan adalah sangat baik.. U. ni. ve r. Kata kunci: Kualiti air, Kolam penambangan, Tasik, Kimometrik, Logam.. vi. 
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(20) CHAPTER 1: INTRODUCTION. Water quality illustrates the state or condition of water incorporating physical, chemical and biological characteristics, with respect to its acceptability for a specific purpose (WHO, 2011). Good quality drinking water has become a scarce commodity due to rapid growth in industrialization and continuous increase in population. The environmental status of lakes depends upon the type of the lake and its exposure to. ay. a. various factors in the environment. Hence, the quality of surface water depends not only on natural environmental processes such as weathering, erosion and precipitation, but. al. also on the influence of anthropogenic activities including urban, agricultural and. M. industrial activities (Papatheodorou et al., 2006).. of. Industrial activities like mineral and ore processing generate pollutants into the environment. Accumulation of the pollutants in water bodies is a threat to humans,. ty. plants and animals (Nazir et al., 2015). The impairment of water quality and pollution. si. of adjacent rivers and lakes with heavy metals as the environmental effect of mining has. ve r. been reported in many countries among which are Malaysia, Serbia, Spain, and Kenya (Ashraf et al., 2011b; Atanacković et al., 2013; Navarro et al., 2008; Ngure et al., 2014).. ni. The absence of environmental protection laws in Malaysia’s mineral exploration. U. industry leads to the destruction of natural habitat. Introduction of the mining enactment act in the year 1934 enforces some environmental standards; such as the law that required the tin mining companies to conduct rehabilitation of the mined excavated land (Balamurugan, 1991). But still there are hundreds of abandoned ex-mining ponds in Malaysia with large volume of water which quality and safety is of much concern. The. extent of water contamination with respect to water quality determinants can be established using multivariate statistical analysis and parameter responsible for the. 1. 

(21) deterioration of water quality can be identified, and the level of the pollutants compared to Malaysia’s interim national water quality standards (INWQS).. 1.1. Mining in Malaysia. Mining is the selective removal or extraction of precious minerals from the earth’s crust usually from their ores (Norgate & Haque, 2010). Tin mining was mostly practiced in Malaysia by the 19th century, particularly in Selangor which accounted for a. a. large portion of the total country’s output. The common ore mined was cassiterite. ay. (SnO2) (Balamurugan, 1991). The tin mining had dominated Malaysia’s mineral. al. industry with an output of 61,404 tons in 1980 estimated at hundreds of million dollars,. M. thus the major foreign exchange earner for the country (Ashraf et al., 2015). The booming mining operation contributed positively to the economic development of. of. Malaysia as one of the world’s largest tin producer. However, mining activity results in environmental degradation and consequently left abandoned mines characterized by. ty. large holes or man-made lakes (Yaacob et al., 2009). Western peninsular Malaysia was. si. known to experience the extensive mining operation (Takaijudin et al., 2012a). The. ve r. existence of hundreds of abandoned ex-mining ponds, mostly in Selangor is one of the consequences of extensive and uncontrolled mining operation during the 19th century.. ni. There are about 442 ex-mining ponds in Bestari Jaya, many are spread in Puchong, and. U. Kelana Jaya in Selangor with 13,667 hectares of mining land (Balamurugan, 1991; DMG, 2003; Yap et al., 2005). Consequently Selangor and Melaka states of the western. part of peninsular Malaysia were selected as the case study in this research.. 1.1.1. Water Pollution in Ex-mining Ponds. Malaysia has the world’s largest reserve of tin and other heavy metal ores which are consequently released to the environment, specifically the water bodies (Murcott, 2012).. 2. 

(22) The increasing public outcry that mining has left derelict sites, huge post-mining lands appear to be a serious obstacle to sustainable development in many countries of the world which had mining industries. After the commencement of mining operation in Malaysia, the authorities could not focus on the environmental hazards especially heavy metal pollution. The enactment of the mining code of Negeri Sembilan (1895) imposed that slime and sand obtained from hydraulic mining be retained or dumped in old. a. mining holes, and only fine slimes could be discharged into rivers without giving due. ay. consideration to the metal pollutants introduced. The Selangor mining act no. 19 (1901) directed that water used for mining must be free from sand, gravel, sludge, dirt, and. al. tailing before being discharged to the environment, yet no attention was given to the. M. heavy metal contents.. of. Water pollution due to mining operation later received much attention, mainly related to the widespread contamination due to improper mining management (Kemp et. ty. al., 2010). The extensive pollution witnessed in the areas with mining and ore extraction. si. industry often appears not to have a contemporary origin, but a consequence of previous. ve r. activities (Paulo, 2005). Abandoned mining sites cause substantial impairment to water quality worldwide (Fields, 2003). After mining operations had ceased, oxygen-rich. ni. groundwater floods abandoned mining areas and can promote oxidation of pyrite (FeS2) and other metal sulfide minerals, producing acidity and releasing co-occurring trace. U. metals (Younger et al., 2002a). The acid mine drainage (AMD) containing harmful pollutants (heavy metals) formed during and after the mining operation is a major threat to the environment (Akcil & Koldas, 2006). The heavy metals associated with exmining water are As, Pb, Cd, Mn, Cu and Zn; other physical-chemical parameters are. pH (high or low depending on the geology of the mines), high electrical conductivity (EC), total dissolve solid (TDS), and low dissolved oxygen (DO) (Ashraf et al., 2010; Iavazzo et al., 2012). Arsenic (As) was found to coexist with tin ore in the mining areas. 3. 

(23) of Malaysia (Ismail, 1973). As concentration was reported in high concentration near the mining sites, abandoned mining ponds therefore pose a threat and contribute to high arsenic concentration in drinking water (Murcott, 2012). High As concentrations was detected in a well water near a tin mining area in Malaysia where 3 cases of cutaneous lesions related to arsenical poisoning were discovered (Jidon, 1993). Most of the ex-mining ponds in Malaysia are used for recreational activities, flood. a. retention or to receive domestic effluent from the surrounding residences (Ghani et al.,. ay. 2008; Takaijudin et al., 2012a; Yap et al., 2005). The activities around the catchments will also influence variations in water quality of the ponds (Boyd, 2015). The. al. concentration of the metals in ex-mining ponds can increase (due to evaporation and. M. concentration, and flow of industrial wastes or effluents) or decrease (due to dewatering,. of. flow of rain water “flood retention” and domestic effluents). It is therefore of most importance to carefully study the activities around the ex-mining ponds.. ty. Malaysia has adequate rainfall and abundant water resources, but yet facing water. si. quality problems and shortages (Aini et al., 2007). The increasing demand for a. ve r. sufficient water supply, especially in drought season lead to a search for alternative water resources, and a suggestion was made by the Selangor authority to utilize water. ni. from ex-mining ponds for human consumption and domestic purposes through conventional water treatment processes (LUAS, 2008, 2012). This resulted in arguments. U. and media hype on the safety of ex-mining water considering the metal pollutants associated with mining operations (Low et al., 2016), especially considering its potential to retain the metals at elevated levels for centuries or even millennia after the closure of the mine (Younger & Wolkersdorfer, 2004). The ex-mining water was used in the year 2014 in Kuala Lumpur as an additional water source without giving due consideration to the health risks associated with the exposures (Daniel & Kawasaki, 2016), as at high exposure level even low metal concentrations could pose a health threat to humans. And. 4. 

(24) exposure levels of some heavy metals, especially Cd were found to be below what was previously expected (Chen et al., 2014; Järup, 2003). A new project, “Hybrid off-river augmentation system (HORAS)” has commenced on a small scale in Selangor which drain water from ex-mining ponds into the river, and to the water treatment plant to support the additional raw water supply and to meet up with the increasing demand of 2670 million liters per day (Kusin et al., 2016). Similarly,. a. the government authorities in Melaka identified an ex-mining pond “Tasik Biru Chin. ay. Chin” to be utilized and meet up with the daily water supply of 500 million liters by the year 2017 (Azzlan et al., 2016). This became necessary due to the very low water level. al. at the two major sources of water supply in Melaka, the Jus reservoir and Tasik Durian. M. Tunggal. Therefore the need arises to carefully and intensively analyze and confirm the. of. levels of metals in the ex-mining ponds and evaluate the health risks before its. Water Quality Index (WQI). si. 1.2. ty. utilization for beneficial purposes.. ve r. The index approach in the assessment of water quality is regarded as a simple and concise means to express water quality, taking into consideration numerous key water. ni. quality parameters that are aggregated to represent the overall quality of a water body (Tyagi et al., 2013). WQI is a concept which allows for reporting of water quality by a. U. single numerical index, with respect to the use for which the water is intended. It reduces a sizable amount of data of numerous water quality parameters to only one number in an easy, objective and consistent manner. The index approach permits for significant spatial and temporal trends to be established and incorporate the effects of the different pollutants present. Hence water quality index not only presents a point of reference for water quality, but can also show the effect of the possible changes on water use of the aquatic ecosystem.. 5. 

(25) WQI creates a standard, and water quality standard plays an extremely important role in water resource management framework. There may be differences in the goal, approaches, legal framework, and methodology, nevertheless, the ultimate aim of the entire water quality standard is to ensure the water resources are being protected in a sustainable manner (MERC, 2012). WQI is a means to convey information on the status of water quality to the consumers and policy makers for the evaluation and management. a. of surface water (Udom et al., 2016). The Malaysia Department of Environment (DOE). ay. applies WQI to assess the water quality status of rivers, but the index can not accommodate lakes and ex-mining ponds. Considering that lakes are few, and most. al. lakes in Malaysia are ex-mining ponds that are mostly polluted with high concentration. M. of toxic heavy metals especially As (Ashraf et al., 2011b; Ashraf et al., 2010; Ashraf et. of. al., 2015; Chang et al., 2008; Orji et al., 2014; Sharip & Zakaria, 2007), there is a need to develop an index that accommodates the heavy metals in order to adequately monitor. ty. ex-mining ponds and other existing lakes for effective management and possible. Risk Assessment. ve r. 1.3. si. utilization.. Risk assessment is a systematic quantitative identification and evaluation of variables. ni. that have potential risks associated with a projected activity, involving an understanding. U. of the sources, pathways and the target (Yilmaz, 2011). The information on risk assessment is essential for decision makers to create policies and protect the health of the population (Sobus et al., 2011). The concept of risk assessment is mostly applied in studies related to environmental pollution. The risks in pollution of the environment beside natural sources could be from anthropogenic origin, such as mining (Muhammad et al., 2011). Metal contamination due to mining can affect public health through water,. and soil, thus there is a need for strict environmental regulation and risk analysis (Béjaoui et al., 2016; Ezekwe et al., 2012). Ex-mining water pollute underground water 6. 

(26) and gets into nearby rivers and streams thereby posing a health threat (Ban et al., 2015; Li, 2016). Heavy metal contaminants, especially As, Pb and Cd are the main focus in risk assessment studies due to their high toxicity to humans and animal; these metals are highly lethal and can cause dysfunction in humans. The risk of As toxicity is of high concern due to its high bioavailability in aqueous phase comparable to solid medium.. a. As is related to diseases such as skin cancer, bladder, and kidney impairment (Palmer et. ay. al., 2016). Dermal contact and ingestion of Pb in contaminated water and soil causes respiratory and Dermato-generic complications (Nevárez et al., 2015; Yang et al.,. al. 2016a). Exposure to Cd causes cancer, hypertension and kidney dysfunction (Woo et. M. al., 2015). Considering the health complications associated with these metals, it is. of. pertinent to fully analyze the risks associated with exposures in water from ex-mining. Human Health Risk Assessment Techniques. si. 1.3.1. ty. ponds.. ve r. These are techniques aimed at assessing and estimating the chances or probability and the nature of the adverse health effect in humans that may be exposed to toxic. ni. chemical in a polluted environment, now or in the future. It is applied to identify and characterize the type and magnitude of health risks to humans. Therefore, risk. U. assessment techniques are decision making requirements that could provide a fast and vital decision making support on environmental safety (Rebelo et al., 2014). Generally,. all human health risk assessment techniques of toxic substances involve hazard identification, exposure assessment, risk estimation, and risk characterization (Figure 1.1).. 7. 

(27) Identify the hazardous pollutant by detailed chemical analysis. Identify who is at risk Review. al. ay. a. Identify the exposure level by ingestion and/or dermal. Risk Characterization. M. Toxicity Assessment. ty. of. Figure 1.1: The human health risk analysis process. si. 1.3.1.1 Hazard Identification. ve r. Hazard identification is one of the important aspects of health risk assessment which involves the determination of possible conditions of human exposure to hazardous. ni. substances. It is the first step in a risk assessment procedure which comprises of a. U. qualitative evaluation of the hazards that might exist in the medium under study. Sufficient evidence must be established to classify a substance as the cause of adverse health effects. In this phase of risk assessment, data collection and analysis of a particular chemical substance of concern is carried out based on past researches. The general overview of the toxic metals of concern is highlighted in chapter two of this study.. 8. 

(28) 1.3.1.2 Exposure Assessment. The essence of exposure assessment is to measure and quantify the amount, frequency and duration of exposure to a chemical substance among the population exposed. The quantitative exposure assessment presents an estimate of the rates at which the toxic metals are ingested or absorbed using mathematical equations. The exposure assessment evaluates the source of the toxic metals as well as the pathways. ay. a. and routes of individual exposure (USEPA, 1992).. In light of this, a detailed and a standard chemical analysis of the toxic metals of. al. interest are of utmost priority, so as to ensure data quality and reliability. In this study, a. M. standard experimental procedure is applied with quality control measures including. 1.3.1.3 Toxicity Assessment. of. certified reference materials for proper validation.. ty. This is one of the major aspects of risk assessment that is concerned with. si. establishing the relationship between the selected contaminants (toxic metals) and the. ve r. receptor (humans). It involves the numerical evaluation of toxicity information and detailed characterization of the exposure-response relationship. The data involved in the. ni. dose-response analysis is analyzed to identify the toxicity and the risk involved. U. (USEPA, 1987). Therefore, effort must be made to establish a link between the toxic metals ingested or received and human health effect. Health risk assessment is achieved by deriving vital information from toxicological references and profiles such as the Agency for Toxic Substances and Disease Registry (ATSDR) and the United States Environmental Protection Agency (USEPA).. 9. 

(29) 1.3.1.4 Risk Characterization. The main goal of risk characterization is to present an idea on the type and magnitude of the adverse health effect that a particular toxic metal can have in an environment. Risk characterization is the final step in the health risk assessment process which explains the description of the public health risks related to toxic substances. The information on the exposure assessment is compared to the toxicity assessment to. a. conclude on the likelihood that the toxic metals could cause harm to individuals and the. ay. population. Generally, site-specific data and assumptions are applied in the formula to compute cancer risks and non-cancer hazards of the toxic substances (USEPA, 1989).. al. The hazard index (HI), hazard quotient (HQ), and carcinogenic risk are employed in this. M. study to explain the potential cancer risk and non-carcinogenic hazards associated with. of. exposure to the toxic metals in ex-mining ponds based on USEPA formulation. The carcinogenic risk is estimated using exposures and slope factor for the specific metals of. Chemometrics. si. 1.4. ty. interest.. ve r. Analytical chemists apply statistics to solve chemical problems by analyzing the. chemical data and gain ideas about the chemical system. It involves the use of. ni. multivariate statistical methods to explain the observations and characteristics of. U. complex data. In achieving a meaningful result, the use of specific statistical techniques is highly essential for an objective exploratory assessment. Chemometrics is therefore the best approach for the classification and monitoring of environmental data.. The environmental data is usually characterized by high variability due to various natural and anthropogenic influences, and chemometric methods are thus continuously utilized in identifying and managing the possible sources of pollution (Wu & Kuo, 2012). Treatment of environmental data using multivariate approach characterizes and. 10. 

(30) evaluates the surface water quality. The interpretation of the environmental data has the advantage of visualizing and treating large quantity of raw analytical measurement, and extracting useful information. Principal component analysis (PCA), Factor analysis (FA), Hierarchical cluster analysis (HCA) and Linear discriminant analysis (LDA) are the techniques mostly employed in the literature related to water quality interpretation using multivariate data analysis, classification and modelling (Bouguerne et al., 2016;. a. Iscen et al., 2008; Li et al., 2015; Noori et al., 2010; Shrestha & Kazama, 2007; Singh et. Research Aims and Objectives. al. 1.5. ay. al., 2007; Varol et al., 2012; Wallace et al., 2016).. M. The general aim of this study is to assess and investigate the suitability of water from ex-mining ponds for consumption and recreational activities, by analyzing the presence. of. of toxic heavy metals associated with mining operations. The research focuses on Selangor state that had extensive mining activity from central Malaysia, and Melaka. ty. state from southern region of Malaysia was included in this study due to its recent water. ve r. si. crises. The central objectives of this research are;. A) To determine the levels and variations of heavy metal pollutants and general. ni. water quality parameters in ex-mining ponds, with a view to utilize it as an alternative. U. source of water for consumption and recreational activities.. B) To discriminate ex-mining ponds from lakes that had no mining operation with a. view to sort out the targeted toxic heavy metals using chemometric tools.. C) To ascertain the health risks associated with exposures to water from ex-mining ponds by ingestion and dermal contacts.. D) To develop the water quality index of water from ex-mining ponds using the relevant selected parameters. 11. 

(31) 1.6. Thesis Outline. The general background of the research and related subject areas are provided in the first two chapters which forms the introduction and literature review. Chapter 1 points out the aims and objectives of this research work. Chapter 2 presents the literature review on the development of water quality index, risk assessment on exposure to hazardous metal pollutants, and multivariate statistical techniques.. ay. a. Chapter 3 discusses the methods and methodology applied in analyzing water quality parameters. The instrumentation, preservation, and analysis of water samples are. al. discussed. It discusses the climate, geology, and activities around the studied sites.. M. Chapter 4 evaluates the details related to the trend in variation of heavy metal. of. concentrations and physical-chemical parameters in ex-mining ponds and lakes in comparison to INWQS. It discusses levels of pollutants, sources and influence on water. ty. quality. Activities around the sample locations are also examined to monitor their. si. influences. The chapter discusses and examines the results of variations and. ve r. characterization of the studied parameters using PCA, HCA, FA and LDA. It explains the risks associated with exposure to the ex-mining water and lakes by ingestion and. ni. dermal routes, and finally the development and application of WQI in the classification. U. of ex-mining and lake waters is discussed.. Chapter 5 presents the overall conclusion of the thesis based on the findings. obtained.. 12. 

(32) CHAPTER 2: LITERATURE REVIEW. This chapter analyzes different WQI models used to assess the surface water quality of lakes and rivers. The WQI models and their applications are examined in section 2.1, and section 2.2 studied health risk assessment of exposure to ex-mining water. Section 2.3 focuses on multivariate statistical techniques and its application in lake water quality. Water Quality Index Models. ay. 2.1. a. assessment in Malaysia.. Various models of WQI have been efficiently utilized in pollution evaluation of. al. water resources, and their application depends on the purpose and objectives to which. M. they are intended for. Besides pollution monitoring of water resources, the development. of. of WQI may cover trend analysis and enforcement of standards. The health risk evaluation of exposures to hazardous substance in water is an integral part of water. ty. quality monitoring and assessment. The parameters involved in the quantitative. si. evaluation of ingestion and dermal exposures to ex-mining water are key aspects to. ve r. consider. Multivariate statistical models are essential in monitoring environmental influence on surface water quality. Application of a specific chemometric technique. ni. depends on the objectives to be achieved; LDA and PCA are mostly utilized in this. U. study to differentiate the most significant parameters, and to determine the latent variables in ex-mining ponds and lakes respectively.. Horton’s approach to the development of WQI back in 1965 was the first attempt to represent overall water quality using the numerical index system with 10 variables (Coliform density, specific conductance, pH, DO, carbon chloroform extract, temperature, alkalinity and chlorides, sewage treatment, and obvious pollution) and ranges from 0-100 (equation 2.1). Though the formulation of WQI models was faced with challenges from parameter selection to subjectivity in assigning weightages to the 13. 

(33) selected parameters, Horton’s technique is easy to compute and highlights the challenge of the right choice of parameters to represent the overall water quality (Horton, 1965). These are the major advantages of Horton’s approach in water quality assessment. The weaknesses are that index formulation, quality rating, and weightages are highly subjective based on his judgement and few associates. w1 S1 +w2 S2 +w3 S3 +…+wn Sn w1 +w2 +w3 +…+wn. ] m1m2. (2.1). ay. a. WQI = [. where; S = sub index, w = weighting factor (1-4), m1 = correction factor for temperature. al. (0.5 when temperature ˂ 34 C, otherwise 1), m2 = correction of pollution (0.5 or 1).. M. The British Columbia water quality index (BCWQI) was developed in the year 1995. of. by the Canadian ministry of environment for the evaluation of water quality. The formulation of this index is similar to the Canadian Council of Ministers of. ty. Environment (CCME) where the violation of the measured water quality parameters is. si. determined by comparison with the established limit. The number of repeated sampling. ve r. and stations determines the accuracy of the BCWQI. Its major limitation is the deviation in the water quality trend from the standard limit due to maximum percent deviation. ni. used (Salim et al., 2009), also the index is not appropriate for the spatial and temporal. U. trend analysis. Advantage of BCWQI is the sensitivity of the index value to the. parameters incorporated in the calculation and objectives interpretation of the reference condition (Zandbergen & Hall, 1998). The final index value is calculated using equation. 2.2;. 2. √. BCWQI = 100 –. F12 +F22 + F3 ⁄ 2 3. (2.2). 1.453. (. ). 14. 

(34) where F1 is the percentage of variables above the guideline, F2 is the frequency by which the objectives are not met, and F3 is the range to which the failed tests are above the guideline. 1.453 in the formula is the scaling factor of 0-100. In the year 1990, Smith’s Index was developed which serves as a hybrid based on expert opinion as well as water quality standards. Its major advantage is the index addresses four types of water use including contact and non-contact uses (water supply,. ay. a. fish spawning, general, and regular public bathing). Delphi method was applied in parameter selection, developing sub-indices, and assigning weightages. The final index. al. score was calculated using minimum operator technique as displayed in equation 2.3. M. below;. (2.3). of. Imin = ∑ min (Isub1, Isub2,.…..….. Isubn). ty. where Imin equals the lowest sub index value (D. G. Smith, 1990).. si. This approach utilizes additional rounds of questionnaire beside the usual Delphi steps.. ve r. This is aimed to arrive at a greater convergence of opinion (Abbasi & Abbasi, 2012). Smith’s approach was considered more prudent and slight deviation from the standard. ni. Delphi procedure that discouraged discussion among the panel members on the. U. assumption that such discussion may influence the decision of others. Unlike indices with relative weighting, advantage of smith index is introducing or omitting new determinant at a later stage without affecting the index formulation. Also eclipsing effect of multiple over few determinants is reduced to barest minimum.. The creation of national sanitation foundation water quality index (NSFWQI) based on a nationwide survey of water quality experts and application of the Delphi technique addressed the problem of parameter choice in a more consensual manner. The NSFWQI. 15. 

(35) accommodates 9 parameters (BOD, DO, turbidity, total solids, nitrate, phosphate, temperature, pH, fecal coliform). The multiplicative version of NSFWQI (equation 2.5) was considered a more superior formulation compared to the additive (equation 2.4) which lacks the sensitivity with respect to the effect of a single bad parameter on the WQI (MERC, 2012). n. WQI = ∑ wi qi. (𝟐. 𝟒). ay. a. i=1. n wi. WQI = ∏ qi. M. al. i=1. (𝟐. 𝟓). where; w = weighting factor (0-1), q = water quality rating curves (0-100%), n =. of. number of parameters. The advantages of NSFWQI are providing useful insights into temporal water quality trends, the index value relates to potential water use, and. ty. evaluation between areas and identifying changes in the water quality. Its limitation. si. involves losing vital information during data processing, and lack of dealing with. ve r. uncertainty and subjectivity present in complex environmental issues (Gopaul et al.,. ni. 2009; Tyagi et al., 2013).. Canadian council of ministers water quality index (CCME-WQI) is a modification of. U. BCWQI, it comprises of three factors each of which is scaled between 0 and 100. The factors are; scope, frequency, amplitude (equation 2.6).. F12 +F22 +F32. CCME-WQI = 100 – (√. 1.732. ). (2.6). F1 is the scope which assesses the extent of water quality guideline over the period of interest, F2 represent percentage of individual tests that do not meet the objectives, and F3 illustrate the amount by which the failed test values met their objectives. The value 16. 

(36) of 1.732 is the correction factor of the overall index (CCME, 2001). CCME-WQI is best suited for use in continuous monitoring of water quality. The advantages of CCMEWQI are utilizing many variables, easy to calculate, and tolerance to missing data. The major weakness is the insensitivity of a particular parameter in the process of aggregation where the same importance is given to all variables (Tyagi et al., 2013).. Several indices were developed either on the basis of Hortons or NSFWQI, among. ay. a. which are the stream monitoring, Oregon, and universal WQI (Boyacioglu, 2007; Cude, 2001; Hallock, 2002; Liebman, 1969) as shown in Table 2.1. The indices formulated. al. encompass physical, biological and chemical parameters and different priority was. M. given in terms of quality rating and weightage to suit the desired objectives.. of. The Malaysian water quality index (DOE-WQI) is also a derivative of NSFWQI developed to monitor river water quality based on 6 parameters only (pH, DO, BOD,. ty. COD, SS, and AN) as given by equation 2.7 below;. ve r. si. WQI = 0.22*SIDO + 0.19*SIBOD + 0.16*SICOD + 0.15*SIAN + 0.16*SISS + 0.12*SIpH (2.7). where SIDO = sub index DO, SIBOD = sub index BOD, SICOD = sub index COD,. ni. SIAN = sub index AN, SISS = sub index SS, SIpH = sub index pH. 0≤WQI≤100. The WQI model utilized by Malaysia DOE (equation 2.7) is the only existing and. U. functioning tool to monitor river water quality in Malaysia (Naubi et al., 2016). It exclusively contains physical-chemical parameters hence cannot be used to assess the water quality of ex-mining ponds and lakes that are mostly polluted with heavy metals. (Low et al., 2016). In this study, toxic heavy metals associated with mining operation such as As, Cd, and Pb (Acheampong et al., 2013; Low et al., 2016; Martha et al., 2011; Popa et al., 2013; Schaider et al., 2014) are selected in the formulation of the WQI of ex-mining ponds considering geological and other environmental factors. The. 17. 

(37) Malaysian DOE-WQI was used to assess water quality status of ex-mining ponds in Bestari Jaya (Kusin et al., 2016). However, it has been confirmed that river WQI cannot be used to assess ex-mining ponds and lakes due to its inability to accommodate the toxic metals especially As and Cd (Low et al., 2016).. The weakness of the pioneer indices and its derived models (DOE-WQI inclusive) is its formulation based on the Delphi method with much subjectivity due to difference in. ay. a. opinion of the experts on the perceived parameter importance to water quality (Singh et al., 2007; Tarantola, 2000). Notwithstanding this, the class IIA standard parameter. al. values of Malaysian INWQS were used in this study to assign weightage to the selected. M. parameters; this qualifies the WQI model developed to have a direct evaluation of the status of ex-mining water in Malaysia especially in its consideration for consumption. of. and domestic uses. Furthermore, the index developed in this study utilizes validated primary data obtained from standard experimental procedures, unlike the existing. ty. Malaysian DOE-WQI which only exploited secondary data obtained from different. si. water monitoring stations with different equipments and calibrations. It has been. ve r. established that data from secondary sources may be unreliable (Sullivan et al., 2003); this qualifies the new WQI of ex-mining ponds to be more dependable and specific in. ni. addressing this research problems. The indices developed, including the Malaysia DOE-. U. WQI did not recognize and integrate the status of the water for different functions and uses such as drinking water supply, recreation and irrigation. It only classifies the waters based on pollution with no recommendation for its future utilization (Low et al., 2016). In this study, recommendations are made on uses of the ex-mining ponds and lakes for human consumption and/or recreational activities.. 18. 

(38) Table 2.1: Selected WQI of surface water Scale 0-100. 0-100. 0-100. ay. National Sanitation Foundation Index (NSFWQI) Oregon WQI. Parameters DO, pH, sewage treatment, coliform density, specific conductance, carbon chloroform extract, alkalinity, chlorides, temperature and obvious pollution. BOD, DO, total solid, turbidity, nitrates, phosphates, temperature, fecal coliform. BOD, DO, temp, AN, pH, Total phosphorus, total solid, and fecal coliform, Nitrate, BOD, DO, As, Fluoride, Total phosphorous, Hg, Se, CN, Cd, total Coliforms, and pH. Relevant water quality parameters with corresponding standards. BOD, COD, DO, SS, AN, and pH. Total phosphorous, DO, fecal coliform, turbidity, and specific conductivity. DO, BOD, AN, SS, turbidity, temp, fecal coliform, pH, Pb, Cu, Cd, Cr and Zn. DO, temp, pH, fecal coliform. a. Index Horton’s Index. al. Universal WQI. ty. River Status Index. of. M. Canadian WQI (CCME WQI) DOE-WQI General WQI. 0-100 0-100 0-3 1-10. 0-100. ve r. si. Stream Monitoring WQI. 0-100. Risk Assessment Models. ni. 2.2. U. Several human health risk assessment techniques involve the use of formulation. developed by the United States Environmental Protection Agency and the Agency for Toxic Substances, Diseases and Registry (ATSDR, 1993; USEPA, 1992, 1999, 2005). The models utilized in the risk assessment studies (equations 2.8 and 2.9) include the exposures due to ingestion and skin surface (Alkarkhi et al., 2009; Gupta et al., 2015; Igwe et al., 2014; Iqbal & Shah, 2013; Low et al., 2016; Li et al., 2013; Man et al., 2010). The indices uses USEPA default values for volume of water ingested (2.2 L/day), and body weight (70 kg and 15 kg for adult and child respectively).. 19. 

(39) Consideration was not given to the differences in water consumption and the weight of individuals in a particular region or country of study (WHO, 2009). It has been established that different country has dissimilar average weights and daily water consumption due to differences in dietary, climate, social and economic status (Eveleth & Tanner, 1976; Michaelsen, 2015). In Malaysia, the average weight for an adult and child are 63.69 ± 11.42 kg and 32.89 ± 8.95 kg respectively (Azmi et al., 2009; Gan et. a. al., 2011; Zaini et al., 2005). The skin surface area exposed on the other hand are 5700. ay. and 2800 cm2/day, respectively for adult and children (Sany et al., 2014). The average volume of water consumed by Malaysian adult and children is 1.7 and 1.2 L/day,. al. respectively (MDG, 2013; Mohamad, 2016), and average lifetime exposure (AT) of. M. Malaysians is 74.7 years (27265 days) in 2016 (DOS, 2016). The exposures due to. of. ingestion and dermal contacts are evaluated using equation 2.8 and 2.9 below. Cwater *IR*EF*ED BW*AT. (2.8). ty. ExpIx =. si. Cwater *SA*Kp *ET*EF*ED*CF BW*AT. (2.9). ve r. ExpDx =. where; ExpIx and ExpDx are exposure doses due to ingestion of water and skin surface. ni. (µg/kg/d) respectively, Cwater is the concentration of metal in water (µg/L), IR water. U. ingestion rate (2.2 L/day) and Child (1.0 L/day), EF exposure frequency (360 days/year), ED exposure duration (30 years), BW adult average body weight (70 kg) and Child (15 kg), AT average time (25550 days), SA exposed skin area (28000. cm2/day), ET exposure time (0.6 hr/day), CF unit conversion factor (0.001 L/cm3), and Kp is dermal permeability coefficient for specific metal (cm/h) (Smith, 1994; USEPA, 1989).. 20. 

(40) Most risk assessment studies in Malaysia also used hypothetical weights or measurements obtained from few selected respondents in the hazard evaluation (Ashraf et al., 2011a; Dzulfakar et al., 2011; Qaiyum et al., 2011). Similar approach was applied in the risk analysis of exposure to ex-mining water (Alshaebi et al., 2009). In this study, the existing models were modified where exposure at different human weights, volume of the water consumed, average exposure time, and skin surface area exposed were. a. altered so as to give a more accurate health risks evaluation. This shows a new trend in. ay. the risk analysis and specificity of the modified models in determining the health risk. Statistical Modelling/Chemometric. M. 2.3. al. associated with utilizing ex-mining water in Malaysia.. It is a process of predicting from the observed data sets with a view to extract. of. information on the relationship between variables. The specified mathematical equations used are the statistical models that relate one or more variables; it is therefore. ty. a formal presentation of a theory. The choice and application of the appropriate. si. statistical technique are recommended for the hypothesis test, interpretation of data and. ve r. to arrive at logical assumption. The validity of the data can be evaluated or examined using descriptive statistics, plots and graphs which gives an exploratory idea of the. ni. relationship between model variables. There are myriad of modelling and statistical. U. analysis techniques, the choice of which depends on the data type and objectives.. 2.3.1. Linear Regression Model (LRM). Regression analysis is the most widely used statistical technique for investigating and modelling the relationship between variables (Montgomery et al., 2015). Linear regression modelling has been applied in environmental researches and applied sciences to establish correlation among variables. This modelling approach explains the relationship between a dependent (response) variable and independent (explanatory). 21. 

(41) variable. A dependent variable of interest is modelled as a linear combination of one predictor variable. Linear regression analysis yields an approximate b parameter of the linear equation as given in equation 2.10 below; y = a + bx. (2.10). where a is the intercept, y is the predicted score of the dependent variable (response), b. a. represent the slope and the contribution of the independent variable x to the prediction. ay. of y.. al. The relationship between variables of interest should first be studied before a linear. M. model is assumed suitable using the observed data. This does not certainly indicate that one variable influences the other, but there is notable association between the two. of. variables. The validity of the scatter plot can be used to identify the relationship. ty. between the variables (Montgomery et al., 2012).. si. Linear regression analysis has been universally applied in studies related to. ve r. modelling of water quality, treatment and management including development of rating curves for WQI of surface and underground water (Buytaert et al., 2016; Lermontov et. ni. al., 2009).. Multivariate Statistical Models (MSM). U. 2.3.2. The relationship between multiple parameters can be analyzed using MSM, also. known as chemometric or environmetric techniques. It was hypothesized that a desirable response in some researches is often determined or influenced by more than one variable and therefore gives a better and more reliable data evaluation (Varmuza & Filzmoser, 2016). MSM is used for the classification of temporal and spatial data, and characterization of different environmental samples. The most widely utilized MSM in environmental research are the principal component analysis (PCA), factor analysis 22. 

(42) (FA), hierarchical cluster analysis (HCA) and linear discriminant analysis (LDA) (Chow et al., 2016; Gasmi et al., 2016; Juahir et al., 2008; Juahir et al., 2010; Juahir et al., 2011; Krishna et al., 2009; Muangthong & Shrestha, 2015; Simeonov et al., 2002; Varol et al., 2012; Zhao et al., 2012).. PCA (also called eigenvector analysis) is mostly utilized as data reduction and modelling technique. It determines the degree or extent to which variables are related.. ay. a. Large data of many variables are unavoidably superfluous and overlap, the use of correlation matrix generally quantifies these anomalies by extracting the eigenvalues. al. and eigenvectors from the square matrix originated by multiplying the data matrix. PCA. M. introduces uncorrelated linear functions of the standardized variables called principal components (Simeonov et al., 2002). In FA, the varimax rotation is applied on the. of. significant principal components to produce new class of variables named varimax factors. The loadings of a variable (positive or negative) determine its importance and. ty. contribution to the variation. HCA uses Euclidean distance, which is generally a reliable. si. measure of similarity between the sites. A suitable linkage algorithm (Ward’s, single,. ve r. centroid, or average) is established to link the cluster (group) of sites or objects with similar distances and to isolate those clusters located at large distances (Simeonov et al.,. ni. 2002). The correct interpretation of the clusters is a crucial task and allows a good. U. explanation of justifications leading to the type of clustering. LDA determines the variables that distinguish one group from another by constructing discriminant function (DF) for each group. LDA establish a DF for each group given various independent variables and dependent variables (Juahir et al., 2010). The forward, backward, and stepwise approaches are used to construct the DFs to evaluate the differences between groups. The stepwise method has been widely applied in the environmental data analysis. Four of the MSM are utilized in this study and comprehensively discussed in chapter 4. 23. 
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