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Environmental Impact of Golf Course: Sediment Studies 

Rodzilan bin Raie 

Resource Chemistry 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

Abstract 

Sediment analysis is well known as a tool for monitoring environmental impact not only from golf 

course but also from other development sources. Sediment analysis can be done in river, pond and 

lake. From this research approximately 5 ponds has been selected as a sampling site at Sarawak Club 

Golf Resort and 3 different tests has been done for each sample. Grab sampling method was carried out 

using grab instrument to grab sediment sample from the bottom of the pond. After that the sediment 

sample were dried at room temperature and were ground to 2mm in diameter for sample analysis. The 

tests conducted were organic matter by loss of ignition (LOl) method, metals concentration by atomic 
absorption spectrometry (AAS), and total phosphorus (TP) by ion chromatography (lC) method. 

Besides that, this study also determined the quality of sediment at Sarawak Club Golf Resort by 

comparing the results from this study with the international standards. This research also identified the 

major pollutant from Sarawak Club Golf Resort and put forward some suggestion way to treat or 

reduce it to save our environment in general. 

Keywords: GolfCourses, Sediment Analysis, Organic Matter, Metals, Total Phosphorus. 

Abstrak 

Analisa mendapan merupakan satu medium yang diketahui umum sebagai radas untuk memantau 
kesan daripada pembangunan padang golf dan sumber yang lain terhadap alam sekitar. Analisa 
mendapan holeh dilakukan di sungai, tasik mahupun di kolam tadahan air. Untuk kajian ini, 5 kolam 
tadahan air di Sarawak Club Golf Resort lelah dipilih sebagai tapak kajian dan 3 ujian yang berbeza 
telah dija/ankan ke alas semua sampel mendapan. "Grab sampler" digunakan unluk mengambil 
sampel mendapan dari dasar kolam. Selepas itu, sampel mendapan dibiarkan mengering pada suhu 
bilik dan dihancurkan kepada molekul bersaiz 2mm untuk keputusan ana lisa yang lebih jitu. Antara 
ujian yang telah dijalankan ialah kandungan organik melalui kaedah "loss of ignition " (LOJ), 
kepekalan logam melalui"atomic absorption spectrometry"( AAS) dan kandungan fosforus melalui 
kaedah "jon chromatography " (IC). Selain itu. Kajian ini juga dijalankan unluk mementukan kulaili 

mendapan yang terdapat di Sarawak Club Golf Resort dengan menbandingkan keputusan kajian ini 
dengan standard piawaian antarabangsa. Kajian ini juga unluk menenlukan pencemaran yang 
terhasil daripada Sarawak Club Golf resort dan mencadangkan beberapa cara bagi mengurangkan 
pencemaran tersebut untuk menyelamalkan alam sekilar secara keseluruhannya. 

Kalfl kunci: Padang Golf, Analisa Mendapan, Kandungan Organik, Logam, Fosfurus. 



Chapter 1 

1.1 Introduction 

Sediment is a very important compartment in the marine ecosystem. Anthropogenic 

compounds enter the aquatic environment via riverine or atmospheric input. Depending on 

their physical and chemical properties, some substances remain dissolved in the water 

phase whilst others bind onto particles, sink to the ground and become part of the sediment. In 

this way, an accumulation of many hydrophobic in strongly adsorbing compounds takes place. 

Therefore ediments are assumed to represent a sink for special kinds of pollutants. Due to 

resuspension processes the compounds can be remobilized again, so that sediments can as well 

act as a source for contaminants. 

Environmental impact from golf courses has increase rapidly with the growing of 

popularity for the sport and continuous building of new golf courses around the world. This 

matter has become a worldwide issue and receives a lot of criticism from the NOOs, scientist 

and public for its damage to the environment during building and also during maintenance. 

The bui lding and maintenance has shown to cause a high level of environmental damage and 

degradation such as lost of nature, pollution of nearby water system and extinction of some 

species. The reasons for these are chemical pesticides, fertilizers and amount of water used 

during daily maintenance. The entire chemical brings an impact towards the environment. 

(Melton, 2005). Li el aI. , (2004) describe that the destruction of wetland and other biomes 

during construction raise concerns from pUblic. Their awareness mainly focuses on the impact 

of golf course on the animal and biodiversity of the surrounding area. 
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Nowadays, Malaysia has some 200 golf courses and Sarawak has more than 8 golf 

courses, (Tucker, 2009). In Singapore, there is approximately one golf course every ten square 

miles and in England, there is approximately one golf course for every twenty seven square 

miles. (Melton, 2005). About 0.0014 % of the earth ' s land mass is dedicated to golf courses 

and about 1 % of earth population plays golf. Rapid increases in number of golf courses around 

the world make this study valuable to be done. This study hoped to help in monitoring the 

level of pollutant from golf courses towards biodiversity. An average golf course in a tropical 

country such as Thailand and Malaysia needs 1500kg of chemical fertilizers, pesticides and 

herbicides per year and uses as much water as 60,000 rural villagers, (Tucker, 2009). The 

entire chemical used will be absorbed by soil and flow to the nearby ponds and settled down 

as sediments. 

With knowing that all wastes and pollutants from golf courses will flow directly to the 

wetland system (ponds) near them and being absorbs directly by sediment (Winter, 2005) and 

sedimentation is a process where particles accumulate at the sediment-water interface 

(DiTorio,2001), sediments analysis can be deve'lop as a tool for monitoring pollutant in golf 

courses. It's true that soil and water analysis is another option in monitoring level of pollutant. 

But not all elements can be absorbed by soil or water. In the other hand, sediments are 

combination between solid and liquid phase of elements and exist in a layer between soil and 

water. Sediment always tends to have mix content of organic matter, metals, phosphorus and 

nitrogen which directly come from pesticides and fertilizer used during maintenances process. 

All this elements can lead to eutrophication process of wetland system. 
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With knowing that there is still no proper research were conducted about sediment 

quality for sediment from Sarawak Club Golf Resort, its make this study valuable to be 

conducted. Rapid eutrophication process which can be observed clearly at some pond at that 

placed also the reason for this study to be conducted. For his study, analysis such as organic 

matter metals, and total phosphorus were conducted. 

1.2 Objective 

Three main objective of this study were to ; 

I. Determine the quality of sediment around golf course. 

2. Identify and estimate major pollutants from golf course. 

3. Asses the suitability of using sediment analysis in monitoring impact of golf course. 

4 
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Chapter 2: Literature review 

2.1 Sediment 

To perform this study, we need to understand the environmental impact of golf courses and 

sediment analysis. According to Juracek (2009), Sediment is a primary concern as related to 

several important issues including water quality, aquatic habitat, and reservoir water-storage 

capacity. He also stated that Sedimentation analysis involves the study of sediments and the 

mechanisms by which they are transported, eroded, and deposited. But for this study, the main 

focus is given of composition of organic matter, metal, total phosphorus (TP) and Total 

Kjeldahl nitrogen (TKN). 

Wang et.a/ (2009) describes the characteristic of sediments that can absorb and 

accumulate pollutants and act as a contamination source even long after the pollution has been 

abated. They stated that exposure of pollutants contained in sediments to aquatic organisms is 

very much affected by the physio-chemical characteristics of the sediment and the 

bioavailability of pollutants. A study in India by Jumbe and Nandini (2009) state that 

sediments are integral and inseparable parts of the aquatic environment. They added that 

sediments play a very important role in physiochemical and ecological dynamics and 

sediments analysis can determine the scale of contamination of a chemical species. Ling et.a/ 

(2009) in her study at Semariang Batu River shows that sediment oxygen demand values were 

significantly correlated with organic carbon, clay content, total phosphorus and total nitrogen 

of sediment. DiTorio (200 I) in his book state that organic matter in sediment originates from 

the soil, plant and directly discharged particles that are deposited. He also stated that the most 
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common quantification of the composition is to determine the organic carbon, nitrogen, 

phosphorus and also sulfur content of the particles. 

1.1 Sediment analysis as environmental monitoring tools. 

Although environmental monitoring via sediment analysis is still rarely been applied around 

the world because of high cost during analysis (Tan, 2007), many researcher around the world 

still using it because of it accuracy in result and effect of sediment contamination which can 

influence the aquatic ecosystem. Tan (2007) also has proved that sediment analysis can be 

used as environmental monitoring tools in her degree dissertation which entitled analysis and 

assessment of sediment quality in typical Malaysian river. That dissertation focused on content 

of metal, nutrients (total phosphorus) and carbon content (loss of ignition) in the sediment 

sample from Malaysian river. 

Jumbee et. al (2009) has used sediment analysis in monitoring contain of metal during 

their study at Bangalore area. They analyses the concentration of 9 metals elements in 17 

stations which covered three vaUeys in the Bangalore area and compared the result with 

international standard and normal metal concentration in earth crust. Olubumi et. al (2010) 

also analyses ten metal elements in sediment sample form Agbabu Bitumen Deposited area, 

Nigeria during dry and wet season. This research to compare the metal concentration during 

two different seasons and determined the sediment quality at that particular area for 

environmental monitoring. 

pivakov et. al (J 999) has used phosphorus analysis in monitoring env,ironmental 

qu ily especially from water and sediment sample. They also proposed few phosphorus 
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analysis techniques for sediment sample. They method are simple and easily can be applied in 

all type of sediment sample (dry or wet sample). Boyd (1995) in the other hand focusing on 

organic element contain for environmental monitoring purposed. In his book, he clearly 

describes all the techniques and finding possibilities for organic matter contain in sediment. 

He also included all the factors that might influence the content of organic matter in sediment. 

2.3 Organic matter (OM) 

Organic Matter analysis will investigate the content of organic element (carbon) in the sample. 

In principle, the sediment were ignited at 150°C for 48 hours and continuously at 350°C for 8 

hours and will be resulting in weight loss that mainly caused by the oxidation of organic 

matter to carbon dioxide and water. The temperature must not exceed 350 °C to prevent the 

lost of water from clay minerals and the decomposition of calcium carbonate to calcium oxide 

and carbon dioxide. (Boyd, 1995). 

2.4 Metals 

Sediments playa very important role in physicochemical and ecological dynamics, any change 

in toxic concentrations of heavy metal residues on the sediments will affect the natural aquatic 

life support systems (Jumbee et.aI2009). Excess amount of metals in the sediment will disturb 

the aquatic life system. Four elements that will be investigated in this anallysis are Arsenic 

(AS), Cadmium (Cd), Cupper (Cu) and Chromium (Cr). 
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2.5 Total Phosphorus (TP) 

The basic fundamental goal of soil P testing has always been to identify the optimum level of 

P concentration required for plant growth. However, in this study the goal of TP testing is to 

assess the potential environmental impact of sediment P. with that reason, a thorough re

analysis of each step in the sediment testing process, from sample collection to interpretation 

of results will be conducted. 

2.6 Golf courses 

According to winter (2005), regular application of fertilizers for turf grass in golf courses 

establishment and maintenance may result in nutrient loading to nearby streams and lakes. The 

majority of the fertilizers used by golf courses contain nitrogen and phosphorus (Melton, 

2005). While the benefit of these compounds on golf courses can be beneficial, they are 

damaging to the surround environment through a process called eutrophication (Li et.al, 

2004). With golf courses that are built in the proximity of a water source, such as a river, lake 

or ocean traces of the fertilizers from the golf course can be found in the water sources. If it 

rains or the golf course is watered after it has been fertilized, the nutrients and chemicals in the 

fertilizers are dissolved and then the dissolved compounds are carried along with the flow of 

the water, which usually end in some water source (Li et.al, 2004). These elements will all end 

up as sediment in any nearby lake, pond or any water system. 

8 




A study has been done by Tanner, (2003) and Winter (2005) show that golf courses 

contribute to sediment pollutant and affect the local biodiversity. The study of sediment is 

important as sediment is a sink for organic materials and other contaminants such as heavy 

metals and pesticides. These contaminants could affect the quality of water which is in contact 

with sediments. Sediment analysis has been prove as a tool for monitoring pollutant in 

Semariang Batu River (Ling et.ai, 2009) and it is also can be a tool for monitoring pollutant 

from golf courses as sediment analysis will be analyses the content of sediment such as 

organic matter, metals, and Total Phosphorus(TP). 

With previous study in sediment shows that sediment contains organic matter, 

phosphorus, metals, nitrogen and many more elements and study also showed that golf courses 

contribute in increasing the level of poHutant, we can develop sediment analysis as a tool for 

monitoring level of pollutant from golf courses. 
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Chapter 3: Methodology 

For sediment sampling, grab sampler was used as describe by PSWQAT, (1997). The 

sediment samples were analysed for their organic matter, heavy metal and total phosphorus 

contents. Organic matter analysis was done according to LOI method (Boyd, 1995), metals 

analysis by using Thermo Scientific AAS ICE 3000 Series (LeFevre, 1991), and Total 

Phosphorus by using Ion Chromatography (IC) (Metrohm, 2000) 

3. 1. Materials 

Reagents used in this study were purchased from J.T. Baker, Mallinckdrodt Chemicals 

and Analar BOH. They were used without the purification, the reagents were: 

Reagent Manufactured 

I. Concentrated Hydrochloric Acid (HCL) Mallinckdrodt Chemicals 

2. Sodium Hydrogen Carbonate (NahC03) J. T. Baker 

3. Sodium Carbonate (Na2C03) J. T. Baker 

4. Concentrated sulfuric acid (H2S04) J. T. Baker 

5. concentrated Nitric Acid (HN03) J. T. Baker 

6. Perchloric Acid, 70% (HCI04) Analar BOH 

7. Ultra Pure Water (UPW) 

10 




3.2. Site description 

Sarawak Club Golf Resort is newly establishing golf course. Their developments 

complete in the year of 2008 and open to public in the same year. With average area is 

150 hectares or 1.5 krn2 and approximately 60 hectares is for golf field while the rest is 

pond, small river and small forest. Grass that used in these golf courses is seashore 

paspa/um which have strong protection against drought and need less fertilizer. 

Fertilizer distribution in these golf courses is approximately 12 times per year. Two 

major diseases for grass in these golf courses are fungus and worm . The golf courses 

management tends to use pesticides type Energy 505 and Safari which can disrupt the 

life cycle of these pests. The fertilizer used, have high contain of phosphate, nitrogen 

and potassium. All these elements, lead to eutrophication process at almost all ponds in 

golf courses area. Five ponds have been selected as a sampling site. They were labeled 

as station A, B, C, 0 and E. 
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Figure 1: site map of Sarawak Club Golf Resort and location for each sampling station. 

Station A was located in the middle between holes number 4, 6, 7 and 8. 

Station B was located in between hole number 3 and hole number 4 and also located 

near the Sarawak Club Golf Resort main building. Station C was located near the hole 

number II and at the middle of the golf course. Station 0 was located near hole 16 and 

not far from maintenance shed. The last station was station E which is located near 

hole 14. 

12 




samples were placed in a muffle furnace at 350°C for 8 hour. Then, the sample 

13 

3.3. Sediment Sampling and Preparation 

Sediments samples have been collected by using grab sampler. Method from 

PSWQAT, (1997) was used during sampling process. Sediment samples were placed 

in plastic bags and brought back to the laboratory for drying process. Sediment sample 

were left in a tray under room temperature for approximately seven (7) days to ensure 

that samples were completely dried. The dried samples were ground by using pastel 

and mortar to obtain a smaller particle size (±O.2mm). Sediment samples were 

separated into three portions for each station. There were a total of 15 samples which 

labeled as SA I, SA2, SA3 for sample from station A. SB I, SB2, SB3 for sample from 

station B. SC I, SC2, SC3 for sample from station C. SO I, S02, S03, for sample from 

station 0 and SO I, S02, S03 for sample from station D. SE I ,SE2,SE3 for sample 

from station E. 

3.4. Sample analysis 

3. 4. 1. Organic matter 

Organic Matter (OM) analysis was done using loss of ignition (LOI) method as 

proposed by Boyd (1995). Clean crucibles were weight and about 2 g of dried 

sediment were added into the crucible. Sediment sample with crucible were 

placed in an oven at 105°C for 48 hour. After that, the sample were removed 

and cooled in desiccators. Weight of sample and crucible were taken. Next, the 



were removed from furnace, cool in desiccators and reweigh. Organic matter 

concentration was calculated by using the following formula: 

Where OM= organic matter concentration (%) 


WT=weight of crucible (g) 


WTS= weight of crucible and oven dry soil (g) 


WF= weight of crucible and soil after ashing (g) 


This formula was proposed by Boyd (1995). 

3. 4. 2. Metals 

Metals analysis has been conducted according to method that proposed by 

LeFevre (1991) and lumbe et.al, (2009) by using Thermo Scientific AAS ICE 

3000 Series. Digestion process was done by using Anton Paar Multiwave 3000 

(Microwave Sample Preparation System). 0.5 gram of dried sediment was 

added to the linear tube and mix with 4.5 ml Hydrochloric Acid (HCI), 1.5 ml 

Nitric Acid (HN03). The light brown solution will be filtered through fluted 

filter paper placed in a glass funnel directly into the 50 mL volumetric flask. 

Filtrates are diluted to the line on the volumetric flask with water and cap. The 

clear and yellow solutions are mixed together and analyzed by using Thermo 
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