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Abstract 

Phytochemical study on leaves of Murraya paniculata have yielded four coumarins of auraptene (1), trans-gleinadiene (2), 
5,7-dimethoxy-8-(3-methyl-2-oxo-butyl)coumarin (3) and toddalenone (4). The compounds were isolated using 
chromatographic methods and identified using spectroscopic techniques. Antimicrobial activity evaluation on the crude 
extracts and pure compounds indicated chloroform extracts of the leaves exhibited moderate activity and only gleinadiene (2) 
showed moderate activity against Bacillus cereus. trans- Isomer of Gleinadiene (2) has never been reported from this plant 
previously. 
 
Keywords : Murraya paniculata; auraptene; gleinadiene; antimicrobial 

 
Abstrak 

Kajian fitokimia terhadap daun Murraya paniculata telah menemui empat koumarin; auraptena (1), trans-gleinadiena (2), 
5,7-dimetoksi-8-(3-metil-2-oks-butil)koumarin (3) dan toddalenon (4). Semua sebatian ini telah dipencilkan melalui kaedah 
kromatografi dan dikenalpasti melalui teknik spektroskopi. Penilaian aktiviti anti-mikrob terhadap ekstrak dan sebatian tulen 
menunjukkan bahawa ekstrak kloroform memperlihatkan aktiviti yang rendah dan hanya gleinadiena (2) menunjukkan 
aktiviti yang lemah terhadap Bacillus cereus. Isomer-trans bagi gleinadiena masih belum pernah dilaporkan daripada 
tumbuhan ini sebelum ini.  
 
Katakunci : Murraya paniculata; auraptena; gleinadiena; antimikrob 

 
Introduction 

Rutaceae is a large family of trees, shrubs and climbers recognized easily from aromatic or lime-like smell of 
the broken twigs or fruits or of the crushed leaves. Some constituents of essential oils, such as citronella and 
bergamot, are obtained by distillation from plants of this family, and many species are used in native medicine. 
There are 16 from 161 genera and 60 from 1700 species occur in Malaysia, mostly found in lowland areas. 
Murraya paniculata which belong to Rutaceae family is one of the two genus species that can be found in West 
Malaysia.The plant which also well known as “kemuning” or orange jasmine also known as Chinese box in 
America and Canada [1]. The leaves are rather lather and dark shiny green. Their root bark is used as an 
anodyne or local anesthetic for the treatment of gout, contusion and bone ache [2]. 
 
The ground bark of Murraya paniculata is used in mixture of a drink and as antidote in snake bites and rubbed 
on the bitten limb. The ground bark of the root is eaten and rubbed on body to cure body ache. The powdered 
leaves is used as an application to fresh cuts, and decoction of the leaves is drunk in dropsy. They possess 
antibiotic activity against Mycococcus pyogenes and Escherichia coli [3, 4]. Both leaves and roots of the plant 
are used in folk medicine for the treatment of stomachache, toothache and gout [5], and treatment of diarrhea, 
dysentery and useful against rheumatism, cough and hysteria [3, 6, 7]. It is also reported that it is used to treat 
cuts, joint pain, body aches [8], and venereal disease [9]. Previous studies have reported several flavonoids and 
coumarins from the leaves and roots of M. paniculata [9, 10, 11]. Here we report the isolation and structural 
determination of coumarins from the leaf extracts of M. paniculata and their antimicrobial properties. The 
isolation of trans-isomer of gleinadiene from M. paniculata has never been reported previously. 
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Experimental 

General procedure 

Melting points were determined with Kofhler hot stage apparatus and were uncorrected. Infrared spectra were 
recorded with Perkin Elmer FTIR model 1725X spectrophotometer using KBr discs. Mass spectra were 
recorded on a Finnigen Mat SSQ710 spectrometer. 1H-NMR spectra were obtained using 500 MHz JEOL 
spectrophotometer in CDCl3. 13C-NMR spectra were determined in CDCl3 operating at 125 MHz. TMS was 
used for internal standard while chemical shifts were reported in ppm. Vacuum column chromatography was 
employed by using silica gel Merck Kieselgel PF254. Preparative thin layer chromatography utilized Merck 
silica gel PF254. Analytical TLC was performed on commercially available TLC plastic sheets precoated with 
Kieselgel 60 F254 (0.2 mm thickness). 
 

Plant material 

The plant sample was collected from Ipoh, Perak (Malaysia). A voucher specimen (No. RK 2954-96) was 
deposited in the Herbarium of the Department of Biology, Universiti Putra Malaysia. 
 

Extraction and isolation of compounds 

The leaves of Murraya paniculata were air-dried, ground to powder (1.5 kg) and extracted successively with 
petroleum ether, chloroform and methanol. The extracts were concentrated to produce semi solids weighed 21.6, 
64.2 and 20.5 g of extracts respectively. The petroleum ether extract (19.6 g) was fractionated on a vacuum 
column chromatography of silica gel eluted with mixtures of petroleum ether, petroleum ether/chloroform and 
chloroform/methanol. A total  of 50 fractions of 250 ml each were collected. Fraction 36 was rotary-evaporated, 
and the remaining solid was washed using ether and recrystallised with petroleum ether to yield auraptene (1); 
colourless crystals (65.2 mg), C19H22O3, m.p. 64-65°C (Lit. [12] m.p. 67-68°C). MS m/z (% intensity): 298 (M+, 
1), 163 (47), 162 (75), 136 (40), 93 (28), 81 (56), 69 (100), 41 (68). 1H- and 13C-NMR data are in good 
agreement with the published data [12]. 
 

The chloroform extract (30.0 g) was chromatographed over a vacuum column chromatography on silica gel. 
The column was eluted with solvent mixtures of increasingly polarity (petroleum ether, petroleum 
ether/chloroform, chloroform, chloroform/methanol) and 89 fractions of 250 ml each were collected. Solid 
obtained from fraction 29 upon washing with ether was recrystallised with methanol and gave gleinadiene (5,7-
dimethoxy-8-[(E)-3’-methylbuta-1’,3’-dienyl]coumarin) (2); yellow needles (261.3 mg), C16H16O4, m.p. 138-
141°C (Lit. [13] m.p. 120-121°C). IR νmax (cm-1, KBr disc); 2948, 1640, 1618, 1456, 1328, 1266, 1206, 1144, 
1060, 992, 888, 746, 656. MS m/z, (% intensity); 272 (M+, 100), 257 (14), 241 (95), 226 (16), 213 (60), 198 
(22), 182 (21), 155 (13), 141 (21), 128 (25), 115 (70), 91 (19); 77 (25), 63 (22), 51 (18). The 1H-NMR and 13C-
NMR data are summarized in Table 1. Solid product of fractions 34-38 from chloroform extract was washed 
with ether and recrystallised with methanol to give 5,7-dimethoxy-8-(3-methyl-2-oxo-butyl)coumarin (3); 
colourless needles (32.5 mg), C16H18O5, m.p. 124-126°C (Lit. [14] m.p.121-122°C). MS m/z (% intensity) 290 
(M+, 12), 272 (1), 219 (100), 205 (2), 176 (3), 161 (30), 133 (6), 118 (6), 89 (4), 77 (5), 51 (3). 1H- and 13C-
NMR data are in good agreement with the published data [14]. 
 
Fractions 58-59 from chloroform extract were rotary evaporated to give solid which was washed with ether and 
recrystallised with ethanol to give toddalenone (4); yellow needles (22.4 mg), C15H14O5, m.p. 225-229°C 
(Lit.[12], m.p. 244-246°C). MS m/z (% intensity): 274 (M+, 34), 259 (52), 243 (100), 231 (31), 216 (35), 215 
(9), 188 (29), 173 (43), 160 (6), 145 (18), 117 (10), 115 (21), 89 (18), 77 (12), 63 (21), 51 (12). 1H- and 13C-
NMR are in good agreement with the published data [12]. 
 

Antimicrobial assay 

Crude extracts and isolated compounds from Murraya paniculata were tested  against one gram positive 
bacteria (Bacillus cereus) and 4 fungi (Saccharomyces cerevisiae, Candida lypolytica, Saccharomyces 
lypolytica and Aspergillus ochraceous) using the disc diffusion assay as described previously [15]. 

 
Result and Discussion 

Extraction followed by chromatographic fractionation on the extracts of leaves of Murraya paniculata  have 
yielded four coumarins; auraptene (1), gleinadiene (2), 5,7-dimethoxy-8-(3-methyl-2-oxo-butyl)coumarin (3) 
and toddalenone (4). The structures of the compounds were elucidated based on similarities of their spectral and 
physical data with the literature values. Out of four coumarins isolated, only compound (2) has not been 
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reported previously from this plant species. The characterization of compound (2) are described here besides the 
antimicrobial activity of the plant extracts.   
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Figure 1. Structure of coumarins isolated from Murraya paniculata 

 

The IR spectrum of (2) showed peak at 1728 cm-1 assigned as C=O group, while signal at 1618 cm-1 was due to 
the presence of double bonds. The MS showed the presence of a molecular ion at m/z 272 corresponding to the 
molecular formula C16H16O4. 
 
The integration of the 1H NMR spectrum of (2) indicated the presence of 16 protons. A pair of doublets at δ 
7.98 (J  =  9.7 Hz) and 6.16 (J  =  9.7 Hz) were characteristic of H-4 and H-3 in a coumarin nucleus, while 
another pair of doublets at δ 6.81 (J  = 16.3 Hz) and 7.37 (J = 16.3 Hz) were assigned to H-2’ and H-1’, 
respectively. Coupling constant 16.3 Hz indicates that the structure has trans configuration. A methyl group 
signal at δ 2.02 and a two doublets due to two methylene protons at δ 5.16 and 5.07  (H-4’) indicated that the 
coumarin contained  a 3’-methylbuta-1’,3’-dienyl side chain. The aromatic proton at H-6 occurs as a singlet at δ 
6.32 to the upfield because of shielding effect of two methoxyl groups. The singlets at δ 3.96 and 3.94 were due 
to the presence of two methoxy groups at C-5 and C-7 in the aromatic ring respectively.  
 
The assignments of 1H- and 13C-NMR data were confirmed by HMQC spectrum. The HMBC spectrum revealed 
H-4 at δ 7.98 correlated with carbon signal for C-2 (161.2 ppm) and C-5 (153.5 ppm). The proton signal at δ 
7.37 (H-1’) showed cross-peak with carbon signals at 103.8 ppm (C-8), 117.1 ppm (C-2’) and 143.3 ppm (C-3’). 
H-2’ at δ 6.81 found to correlate with C-1’ (135.7 ppm) and C-3’ (143.3 ppm). The proton signal at δ 6.32 (H-6) 
showed cross-peak with carbon signals at 161.1 ppm (C-7), 103.8 ppm (C-8) and 107.2 ppm (C-10). In addition, 
proton signal at δ 6.16 (H-3) correlated with carbon signal at 155.6 ppm (C-9) and 107.2 ppm (C-10). The 
complete NMR data of the compound (2) are displayed in Table 1. The structure of this compound was 
established based on the similarity of its spectral and physical data to those of gleinadiene previously isolated 
from M. gleinei root as reported by Kumar et al. [13]. However, there were inexplicable differences in the 
melting points for both compounds. The cis isomer of gleinadiene, (5,7-dimethoxy-8-[(Z)-3’-methylbutan-1’,3’-
dienyl]coumarin) which had been isolated from Murraya paniculata by Kinoshita and Firman [16] had coupling 
constant of 12.1 Hz. Our data demonstrated a larger value (16.3 Hz) which we suggest corresponds to trans- 
isomer of the compound.  The melting point of toddalenone (4) in the present report was also found to be rather 
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far from the reported value [14]. The difference in melting points of several diastereoisomers of coumarins 
isolated from Murraya species are rather common phenomena [13]. 
 
 

Table 1: 1H- and 13C-NMR Chemical Shifts (δ) and Coupling Patterns of the Protons and Correlations  
in HMBC Techniques of Compound (2) 

 
Carbon no. 

13C (ppm) 
(CDCl3, 67.9 MHz) 

1H (ppm) 
(CDCl3, 500 MHz) 

HMBC 

Correlation 
2 161.2 - - 
3 110.9 6.16, d C-9, C-10 
4 138.7 7.98, d C-5, C-2 
5 153.5 - - 
6 90.3 6.32, s C-7, C-8, C-10 
7 161.1 - - 
8 103.8 - - 
9 155.6 - - 

10 107.2 - - 
1’ 135.7 7.37, d C-8, C-2’, C-3’ 
2’ 117.1 6.81, d C-1’, C-3’ 
3’ 143.3 - - 
4’ 117.0 5.16, d 

5.07, d 
- 

5’ 18.3 2.02, s - 
5-OCH3 56.0 3.96, s - 
7-OCH3 55.9 3.94, s - 

 

All of the extracts and pure compounds were tested against gram positive bacteria and fungi. The  chloroform 
extract of the leaves of Murraya paniculata demonstrated weak activity against Bacillus cereus and 
Saccharomyces cerevisiae with inhibition zone of 9 and 8 mm. respectively. No activity was observed against 
other microbes. In addition, all other extracts of the plant were found to be non active against all the microbes 
used in the test. Of all the isolated compounds, only compound (2)  exhibited weak antimicrobial activity 
against Bacillus cereus (8 mm inhibition zone). Thus, the antibacterial activity  of the chloroform extract may 
be due to the synergistic effect of compound (2) since compounds (1), (2) and (3) were isolated from 
chloroform whereas (1) was obtained from petroleum ether extract. 
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Abstract 
Spermacoce articularis and Spermacoce exilis are weeds commonly growing in wastelands but widely used as traditional 
medicines. The separation works on the two plant species had been carried out using various solvents and chromatographic 
methods. The structures of the isolated compounds were determined by using spectroscopic methods such as IR, MS, 1H 
NMR, 13C NMR, 2D-NMR and by comparison with the data reported previously. Extracts from Spermacoce articularis 
gave two compounds, identified as ursolic acid (1) and stigmasterol, while extracts from Spermacoce exilis yielded four 
compounds, ursolic acid (1), benzo[g]isoquinoline-5,10-dione (2), stigmasterol and hexadecanoic acid (3). There was no 
previous phytochemical investigation on Spermacoce exilis. 
 
Keywords : weed; Spermacoce; Rubiaceae; ursolic acid 

 
Abstrak 

Spermacoce articularis dan Spermacoce exilis adalah rerumput yang selalunya tumbuh di tanah terbiar tetapi banyak 
digunakan meluas sebagai ubatan tradisional. Proses pemisahan telah dijalankan ke atas dua spesies tumbuhan tersebut  
menggunakan pelbagai pelarut dan kaedah kromatografi. Struktur sebatian yang telah dipencilkan ditentukan dengan kaedah 
spektroskopi seperti IM, JS, RMN 1H,  RMN 13C, RMN-2D serta membandingkan dengan data yang dilaporkan 
sebelumnya. Ekstrak daripada Spermacoce articularis memberikan dua sebatian, dikenali sebagai asid ursolik (1) dan 
stigmasterol. manakala ekstrak daripada Spermacoce exilis memberikan empat sebatian, asid ursolik (1), 
benzo[g]isokuinolin-5,10-dion (2), stigmasterol and asid heksadekanoik (3). Tiada siasatan mengenai fitokimia bagi spesies 
Spermacoce exilis dilaporkan selama ini.       
 
Katakunci:  rerumput; Spermacoce; Rubiaceae; asid  ursolik 

 
Introduction 

Rubiaceae is one of the larger plant families and comprises of some 650 genera and 10,500 species. Most of the 
members are mainly distributed in the tropical and subtropical regions, with a few exceptions in temperate 
regions. There are 80 genera and 555 species in the Malay Peninsular. Several famous members of this family 
of economic importance are coffee (Coffea) and quinine (Cinchona), as well as Gardenia, cultivated for its 
fragrant flowers. Spermacoce is a relatively large genus of herbs or half-shrubby plants. This genus consists of 
about 100 species distributed throughout the tropics. Several of them are united with Borreria, so that some of 
the Malayan species have synonyms [1]. 
 
Spermacoce articularis (shaggy button weed) is a diffused herb found in tropical Asia and Peninsular Malaysia. 
It is commonly seen growing in sandy wastelands often in the coastal areas. A poultice of this plant is used to 
heal leg ulcers, wounds, headaches, toothaches and found to be highly antioxidative [2]. Previous 
phytochemical studies on S. articularis originated from India indicated the presence of flavonoids [3], 
triterpenoids [4] and ursolic acid [5]. Spermacoce exilis is also found throughout Peninsular Malaysia. It 
commonly grows in wastelands and garden paths. It is used to treat headache, fever and ulcers. This herb 
contains coumarins and is used in Java for poultice. Despite all the applications in the medicinal plant practices, 
the chemical constituents of this plant have never been investigated. Thus, here we report the phytochemical 
studies on Spermacoce articularis and Spermacoce exilis. 
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Experimental 
General 
Melting points were determined using Kohfler melting points apparatus and were uncorrected. The IR spectra 
were recorded using KBr discs on Perkin Elmer FTIR spectrophotometer 1650. 1H and 13C NMR spectra were 
obtained on JEOL spectrometer at 400 and 100 MHz, respectively with tetramethylsilane (TMS) as internal 
standard. Mass spectra were recorded on an AE1-MS12 spectrometer. Separation by column chromatography 
was carried out using silica gel (Merck 7749 and 9385), while silica gel 60PF254 was used for TLC analysis.  
 
Plant material 
Both Spermacoce articularis and Spermacoce exilis were collected from Sungkai Reverse Forest in Perak in 
2005 and identified by Mr. Shamsul Khamis, Institute of Bioscience (IBS), Universiti Putra Malaysia and 
voucher specimens were deposited at the IBS Herbarium. The voucher specimen numbers of Spermacoce 
articularis is SK 607/03 while Spermacoce exilis is SK 608/03. 
 
Extraction and isolation 
The finely ground air-dried Spermacoce articularis (600 g) was extracted with 90% ethanol for 72 hours to give 
30.5 g of crude extract. The extract was partitioned with various solvents and concentrated under reduced 
pressure to give hexane (12.5 g), dichloromethane (3.75 g) and ethyl acetate (12.6 g) extracts. Ten gram of 
hexane extract was subjected to column chromatography eluted with mixtures of hexane, ethyl acetate and 
ethanol as eluents to give 25 fractions. Purification by trituration with MeOH of fraction 8  and fraction 12 gave 
stigmasterol (18 mg) and compound 1 (1.45 g), respectively. While the finely ground air-dried Spermacoce 
exilis (600 g) was similarly extracted with 90% ethanol for 72 hours to give 21.1 g of crude extract. The extract 
was partitioned with various solvents and concentrated under reduced pressure to give hexane (1.1 g), 
dichloromethane (4.5 g) and ethyl acetate (0.98 g) extracts. One gram of hexane extract was subjected to 
column chromatography eluted with mixtures of hexane, ethyl acetate and ethanol as eluents to give 41 
fractions. Fraction 4 was futher purified by using smaller scale column chromatography to give compound 2 (8 
mg) and stigmasterol (23 mg). Recrystalization of solid obtained from fraction 7 gave compound 3 (15 mg). 
Further isolation work on 4 gram of dichloromethane extract gave compound 1 (0.30 g). 
 
Ursolic acid  (1); colourless crystals, C30H48O3, m.p 270-272 °C (lit. [6], m.p. 276-279 °C). IR (cm-1, KBr) υmax 
: 3446, 2392, 1698, 1456, 1382, 1244, 1036, 998, 664. 1H NMR (400 MHz, DMSO) δ : 5.14 (1H, m, H-12), 
3.05 (1H, dd, J=11.0, 4.6 Hz, H-3), 2.11 (1H, d, J=11.9 Hz, H-18), 1.94 (1H, m, H-16α), 1.85 (2H, m, H-11), 
1.83 (1H, m, H-15α), 1.59 (1H, m, H-22), 1.53 (1H, m, H-16β), 1.50 (2H, m, H-2), 1.49 (1H, m, H-6α), 1.47 
(1H, m, H-9), 1.45 (1H, m, H-7α), 1.44 (1H, m, H-21α), 1.36 (1H, m, H-21β), 1.30 (1H, m, H-19), 1.27 (1H, m, 
H-6β), 1.26 (1H, m, H-7β), 1.03 (3H, s, H-27), 0.93 (1H, m, H-15β), 0.92 (1H, m, H-20), 0.88 (2H, m, H-1), 
0.88 (3H, d, J=6.4 Hz, H-30), 0.87 (3H, s, H-23), 0.86 (3H, s, H-25), 0.83 (3H, d, J=6.4 Hz, H-29), 0.76 (3H, s, 
H-26), 0.69 (3H, s, H-24), 0.69 (1H, d, J=6.4 Hz, H-5). 13C NMR, (100 MHz, DMSO) δ : 181.7 (C-28), 139.6 
(C-13), 126.9 (C-12), 79.7 (C-3), 56.7 (C-5), 54.4 (C-18), 49.2 (C-9), 48.6 (C-17), 43.2 (C-14), 40.8 (C-8), 40.4 
(C-19), 40.4 (C-20), 40.0 (C-4), 39.8 (C-1), 38.1 (C-10), 38.1 (C-22), 34.3 (C-7), 31.8 (C-21), 29.2 (C-23), 28.8 
(C-15), 27.8 (C-2), 25.3 (C-16), 24.3 (C-27), 24.0 (C-11), 21.6 (C-30), 19.5 (C-6), 17.8 (C-29), 17.7 (C-26), 
16.4 (C-24), 16.0 (C-25). EI-MS m/z (% intensity): 456 (M+, 3), 438 (1), 423 (1), 248 (100), 219 (18), 203 (42).  
 
Benzo[g]isoquinoline-5, 10-dione (2); green needle-shaped crystals, C13H7NO2, m.p 178-180 °C (lit [7], m.p. 
178-179 °C). IR (cm-1, KBr) υmax: 3582, 2920, 2850, 1678, 1578, 1302, 1142, 1022, 946, 922, 858, 792, 702. 1H 
NMR (400 MHz, CDCl3) δ: 9.61 (1H, s, H-1), 9.15 (1H, d, J=7.5 Hz, H-3), 8.37 (1H, m, H-9), 8.37 (1H, m, H-
6), 8.11 (1H, d, J=7.5 Hz, H-4), 7.91 (2H, m, H-7/8). 13C NMR (100 MHz, CDCl3) δ : 182.8 (C-10), 182.8 (C-
5), 155.7 (C-3), 150.0 (C-1), 138.7 (C-4a), 135.3 (C-8), 134.9 (C-7), 133.3 (C-5a), 133.3 (C-9a), 127.7 (C-6), 
127.6 (C-9), 126.6 (C-10a), 119.3 (C-4). EI-MS m/z (% intensity): 209 (M+, 100), 181 (57), 153 (99), 126 (71), 
99 (12). 
 
Hexadecanoic acid (3); white crystal, C16H32O2, m.p 38-40 °C (lit [8], m.p. 38-40 °C). IR (cm-1, KBr) υmax: 
3438, 2920, 2850, 1738, 1468, 1174, 724. 1H NMR (400 MHz, CDCl3): 2.32 (2H, t, J=7.3 Hz, H-2), 1.60 (2H, 
m, H-3), 1.27 (2H, m, H-15), 1.26 (22H, br s, H-4 to H-14), 0.85 (3H, t, J=7.3 Hz, H-16). 13C NMR (100 MHz, 
CDCl3) δ: 179.2 (C-1), 34.0 (C-2), 31.9 (C-14), 29.0-29.7 (C-4 to C-13), 24.7 (C-3), 22.7 (C-15), 14.1 (C-16). 
EI-MS m/z (% intensity): 256 (M+, 44), 242 (2), 227 (88), 185 (22), 129 (67), 85 (42), 55 (100).     
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Results and Discussion 
Extraction and fractionation works on the extracts of Spermacoce articularis and Spermacoce exilis have 
afforded ursolic acid (1) as the major constituent besides benzo[g]isoquinoline-5,10-dione (2), hexadecanoic 
acid (3) and stigmasterol. The structures of the compounds were elucidated using spectroscopic techniques. The 
isolations works on Spermacoce articularis and Spermacoce exilis originated from Perak, Malaysia have never 
been reported previously. 
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The EI-MS spectrum of compound 1 showed molecular ion peak at m/z 456 that corresponds to molecular 
formula C30H48O3. IR spectrum showed the presence of hydroxyl group as broad peak at 3346 cm-1, while peak 
at 1698 cm-1 revealed the existence of carbonyl group. Peak at 1382 cm-1 exhibited the presence of trisubstituted 
olefinic group. The 1H NMR spectrum showed the presence of 48 protons. Higher field signals in the region of 
δ 0.69 to δ 2.11 indicated the characteristic of triterpene skeleton. An olefinic proton peak at δ 5.14 was 
assigned to H-12 which correlated to C-14 in HMBC spectrum. A signal represented H-3 was observed at lower 
field at δ 3.05 due to the attachment of a hydroxyl group to C-3. The COSY spectrum displays that H-15α (δ 
1.83) showed cross peak with H-16α (δ 1.53) while H-15β (δ 0.93) showed cross peak with H-16β (δ 1.94). 
Besides that, the COSY spectrum also showed that H-2 coupled to H-3 and H-18 coupled to H-19. The 13C 
NMR spectrum accounted of 30 carbons. The peaks at δ 181.7 indicated the presence of a carbonyl group, 
assigned as C-28. A pair of sp2 carbon (C-12 and C-13) was indicated at δ 126.9 and 139.6. The prominent 
peaks at higher field of δ 29.2, 16.4, 16.0, 17.7, 24.4, 17.8 and 21.6 were attributed to methyl carbons of C-23, 
C-24, C-25, C-26, C-27, C-29 and C-39, respectively. Some of the important HMBC correlations were shown 
by the cross peak between methyl proton peaks at δ 0.87 (H-23) and δ 0.69 (H-24) with carbon signal at δ 40.0 
(C-4). Proton signals at δ 0.83 (H-29) and δ 0.88 (H-30) also correlated to carbon signal at δ 40.4 (C-19 and C-
20). The complete assignments of NMR data are displayed in Table 1. Thus, compound 1 was determined as 
ursolic acid [5]. Ursolic acid was previously isolated and elucidated from Ilex paraguariensis [9] and also 
reported as the main compound present in apple (Malus domestica) cuticular wax as well as in the leaves [10].  
 
 

Table 1:  NMR spectral data for ursolic acid (1) 

Position, 
13C 1H HMBC COSY 

C (δ) (δ) Correlation Correlation 

1 39.8 0.88, m C-2, C-5  

2 27.9 1.50, m C-10 H-3 
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3 79.7 3.05, dd, J=11.0, 4.6 Hz  H-2 

4 40.0    

5 56.7 0.69, d, J=6.4 Hz   

6 19.5 1.27, m 
1.49 

 

C-10  

7 34.3 1.26, m 
1.45 

 

C-14, C-26  

8 40.8    

9 49.2 1.47, m C-10, C-11, C-14  

10 38.1    

11 24.1 1.85, m C-9, C-13 H-12 

12 126.9 5.14, m C-14 H-11 

13 139.6    

14 43.2    

15 28.8 0.93, m 
1.83 

 

C-13, C-17 H-16 

16 25.3 1.53, m 
1.94 

  

C-14 H-15 

17 48.6    

18 54.4 2.11, d, J=11.9 Hz C-13, C-17, C-19 C-14, C-20 H-19 

19 40.4 1.30, m  H-18 

20 40.4 0.92, m   

21 31.8 1.36, m 
1.44  

 

  

22 38.1 1.59, m   

23 29.2 0.87, s C-3, C-4, C-5, C-24  

24 16.4 0.69, s C-4, C-3, C-5, C-23  

25 16.0 0.86, s C-10, C-5  

26 17.7 0.76, s C-7  

27 24.4 1.03, s C-13  

28 181.7    

29 17.8 0.83, d, J=6.4 Hz C-19, C-18, C-20  

30 21.6 0.88, d, J=6.4 Hz C-20, C-19  
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Compound 2 exhibited a molecular formula of C13H7NO2 from its EI-MS. The IR spectrum exhibited the 
presence of C=O stretching  peak at 1678 cm-1, while 1578 cm-1 was due benzene skeleton ring. Peaks at 1302 
and 1142 cm-1 indicated the presence of C=N and C-N groups. The 1H NMR spectrum exhibited a total of seven 
protons. The aromatic region of the 1H NMR spectrum indicated the presence of an A2B2 system in ring A. 
Multiplets appearing at δ 8.37 and δ 7.91 integrating each for two protons were attributed to H-6/9 and H-7/8, 
respectively. A set of doublet at δ 9.15 (J=7.5 Hz) and δ 8.11 (J=7.5 Hz) were due to ortho-coupled H-3 and H-
4 protons, which also showed correlation in COSY spectrum. In addition, one singlet intregated for one proton 
at δ 9.61 was assigned to H-1. The 13C NMR spectrum gave absorption peaks representing all aromatic and 
carbonyl carbons. The presence of two carbonyl groups were indicated by overlapping peak at δ 182.8 (C-5/10). 
The locations of the C=O were suggested by HMBC correlation between H-4 and H-6 with C-5, and between 
H-9 with C-10. Other aromatic carbons of rings A and C were represented by signals between δ 119.3 and 
155.7. Among the prominent HMBC cross peaks representing 2J correlations were observed between H-6 and 
C-7, C-5a; H-7 and C-6; H-8 and C-9 and between H-9 and C-8, C-9a. The complete NMR data are 
summarized in Table 2. Based on the comparison of these spectral and physical data, compound 2 has thus been 
identified as benzo[g]isoquinoline-5,10-dione, which was previously isolated from Mitracarpus scaber [7]. This 
is the first report on the isolation of the compound from this plant species. 
 
 

Table 2: NMR spectral data for benzo[g]isoquinoline-1,5-dione (2) 

Position, 13C 1H HMBC COSY 

C (δ) (δ) Correlation Correlation 

1 150.0 9.61, s C-10a, C-3, C-4a  

3 155.7 9.15, d, J=7.5 Hz C-4, C-1, C-4a H-4 

4 119.3 8.11, d, J=7.5 Hz C-3, C-5, C-10a H-3 

4a 138.7    

5 182.8    

5a 133.3    

6 127.7 8.37, m C-7, C-5a, C-5, C-8, C-9a H-7 

7 134.9 7.91, m C-6, C-5a, C-9 H-6 

8 135.3 7.91, m C-6, C-9, C-9a H-9 

9 127.6 8.37, m C-8, C-9a, C-7, C-10 H-8 

9a 133.3    

10 182.8    

10a 126.6    

 

The EI-MS spectrum of compound 3 exhibited molecular ion at m/z 256, which corresponds to a molecular 
formula of C16H32O2. The IR spectrum indicated the presence of asymmetric and symmetric methylene 
stretching bonds at 2920 and 2850 cm-1, respectively. Two absorptions at 1738 and 1468 cm-1 represent 
carbonyl and methylene groups, respectively. The 1H NMR spectrum showed the characteristic of aliphatic 
carboxylic acid at region between δ 0.80 to 2.40. The spectrum indicated the presence of a long chain methylene 
protons representing eleven methylene groups overlapped as broad peak at δ 1.26.  The 13C NMR spectrum 
showed the presence of seven peaks. The terminal methyl proton C-16 appeared at δ 14.1 attached to methylene 
carbon C-15 (δ 22.7). Another methylene carbon resonates at δ 31.9 (C-14), while methylene carbons C-14 and C-
13 overlapped at between δ 29.7 – 29.0. The existence of carbonyl signal was observed at δ 179.2. The NMR 
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data are shown in Table 3. The structure of compound 3 was therefore characterized as hexadecanoic acid. This 
fatty acid had been reported as one of constituents that was isolated from Lysimachia fordiana [11].  
 
 

Table 3: NMR spectral data for hexadecanoic acid (3) 

Position, 13C 1H HMBC 

C (δ) (δ) Correlation 

1 179.2   

2 34.0 2.32, t, J=7.3 Hz C-1, C-3, C-4 

3 24.7 1.60, m C-1, C-2, C-4 

4-13 29.0-29.7 1.26, br s  

14 31.9  C-15 

15 22.7 1.27, m C-13, C-14 

16 14.1 0.85, t, J=7.3 Hz  
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Abstract 

This study was performed to estimate surface erosion and suspended yield in the forested catchment of Sungai Anak Bangi using 
USLE and numerical analyses from September-November 2006. . The value of erosion rate, as dominated by Serdang and Prang 
series is moderate at 84.88 tons/ha/yr. Meanwhile, three major data were measured namely the rainfall depth, the suspended 
sediment concentration and river discharge (Q) at two sampling stations along the river. 12 rainfall events were recorded with 
highest rainfall of 36.7 mm was received on October 02, 2006 while the lowest rainfall depth was recorded on October, 08, 2006 
(1.9 mm). Almost all the rainfall events occurred within the short and moderate durations (< 7 hours). Meanwhile, the daily Q 
sampled range from 172.8 m3/day to 6220.8 m3/day or 172, 800 and 6220, 800 L/day. The average suspended sediment 
concentration values recorded for both stations are considered low with 19.47 mg/l and 25.23 mg/l were recorded at Station 1 
and Station 2, respectively. When converted to average suspended sediment yield per day, Sungai Anak Bangi was recorded of 
75.0415 kg/day at Station 1 while at Station 2 was 103.256 kg/day. When converted into per square km, the gross value of 
suspended sediment yield leaved from Sungai Anak Bangi is estimated about 27.907 kg/ km2/day or 10, 186 kg/ km2/yr-1. 
 
Keywords: Suspended sediment concentration, rainfall, river discharge, concentration, Sungai Anak Bangi 

 

Abstrak 

Kajian ini dibuat bagi menganggar hakisan permukaan dan muatan sedimen terampai di kawasan tadahan Sungai Anak Bangi 
menggunakan rumus USLE dan analisis numerical dari bulan September-November 2006. Kadar hakisan yang direkodkan oleh 
tanih jenis Serdang dan Prang ialah sederhana iaitu 84.88 tons/ha/yr. Sementara itu, tiga data utama telah diukur, iaitu kedalaman 
hujan, konsentrasi sedimen terampai dan luahan sungai (Q) di dua stesen pencerapan di sepanjang sungai. 12 kejadian hujan 
telah direkodkan dengan hujan tertinggi ialah 36.7 mm yang diterima pada 2 Oktober, 2006 sementara hujan terendah dicatatkan 
pada 08 Oktober 2006 (1.9 mm). Kebanyakan kejadian hujan berlaku dalam tempoh singkat dan sederhana (< 7 jam). Sementara 
itu, nilai Q harian adalah diantara 172.8 ke 6220.8 m3/hari atau 172, 800 and 6220, 800 L/hari. Purata nilai konsentrasi sedimen 
terampai yang direkodkan bagi kedua-dua stesen adalah rendah, iaitu masing-masing 19.47 mg/l dan 25.23 mg/l yang direkodkan 
bagi Stesen 1 dan 2. Nilai ini bila ditukarkan kepada penghasilan muatan sedimen terampai bagi Sungai Anak Bangi ialah 
75.0415 kg/hari di Stesen 1 manakala di Stesen 2 ialah 103.256 kg/hari. Angka ini jika ditakrifkan kepada setiap kilometer 
persegi menunjukkan anggaran sedimen yang diangkut keluar melalui Sungai Anak Bangi ialah 27.907 kg/ km2/hari atau 10, 186 
kg/ km2/tahun. 
 
Kata kunci: Penghasilan muatan sedimen terampai, hujan, luahan sungai, konsentrasi, Sungai Anak Bangi 

 

Introduction 

In a natural environment, soil erosion is a worldwide issue all over the globe. Soil erosion is a two-phase process, 
consisting of the detachment of individual particles from soil mass and transport by erosive agent such as sediment 
water [1]. It is a natural process, erosion begun before the history of man’s existence on earth. However, disturbance 
from human activities further aggravates the soil erosion process especially at steep slopes. In general most 
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sediment in surface waters derives from surface erosion and comprises a mineral component, arising from the 
erosion of bedrock, and an organic component arising during soil-forming processes. 
 

Surface erosion and sediments play an important role in elemental cycling in the aquatic environment. As studied by 
many researchers [2,3,4,5] sediments are responsible for transporting a significant proportion of many nutrients and 
contaminants. They also mediate their uptake, storage, release and transfer between environmental compartments.  
 
The studies of the surface erosion and subsequent impacts of sediment on alluvial rivers have been explored 
significantly all over the world. Most of the studies concentrate on the impacts of land reclamation on sediment 
concentration at downstream rivers [6,7], agriculture activities and increase in sediment load [8], logging activity in 
hilly forest [9] and sediment-river water quality [10]. Presently, rivers contribute 95 percent of sediments entering 
the ocean [11]. Most of studies agreed that over sediment flux may result changes on water quality and flow regimes 
[12,13,14].   
 
The trend of sediment production may be increase in future times due to rapid economic activities particularly those 
from developing countries. Such activities are land use change, reservoir construction, sediment control 
programmes and mining activity. The main objectives of the research are twofold, namely to estimate surface 
erosion generated by individual rainfall and to calculate suspended sediment yield from Sungai Anak Bangi. 
 

Study Area 

The study was conducted at Sungai Anak Bangi in Bangi Forest Reserve, Selangor (02° 55′ 44.0″ N latitude and 
101° 47′ 12.6″E longitude, Figure 1). The total catchment area for Bangi Forest Reserve is 34 km2, while for Sungai 
Air Anak Bangi is 3.7 km2. A description of the physical and climatic features of the catchments is given in Table 1.  

 
 
 

Table 1: Physical and climatic features of Sungai Anak Bangi 

River catchment detail value 
Physical fectures 
catchment size (km2): Station 1 
                                   : Station 2 
Elevation (m) : Max 
                      : Min 
Catchment length (km) 
Σ stream length (km) 
Stream order 
Drainage density 
Catchment width ratio 
 
Climatic fectures 
Annual rainfall (mm) 
No of raindays 
Relative humidity (%) 
Temperature (oC) : Max 
                             : Min 

 
1.5 
2.2 
200 
100 
2.5 
3.6 
3 

1.29 
0.8 

 
 

2250.7 
158 
85 
33 

24.6 
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Figure 1: Topography and location of sampling points of Sungai Anak Bangi 
 

 

The geology of the area is predominantly of granitic rocks. The soil texture ranges from coarse to fine sandy clay 
with Muchong-Seremban being the major soil series. The land cover of the study area is mostly hill dipterocarp 
forest. This forest has been logged in late 1960s and early 1970s. Towards downstream, the catchment has been 
transformed by oil palm plantations and development of Pekan Bangi Lama (Figure 2) 
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Figure 2: Existing land use surrounding the study catchment 

 

Material and Methods 

Soil erosion, based on tons/ha/yr was estimated using the Universial Soil Loss Equation [15]. (Wischmeier and 
Smith, 1978). The formulae for USLE estimation is,  
   

A= R*K*LS*C*P …………………………………….(1) 

 

where:  A is the computed soil loss 
  R is the rainfall erosivity index 
  K is the soil erodibility index 
  L is the slope length factor 
  S is the slope steepness factor 
  C is the vegetation/cover factor and  
  P is the soil conservation practices factor. 
 
Meanwhile, rainfall was measured using the manual tipping bucket raingauge located at the Hutan Pendidikan 
Alam, UKM (02° 55′ 123.0″ N latitude and 101° 47′ 65.2″E longitude). It consists of a large copper cylinder set into 
the ground with funnel at the top of the cylinder to collects and channels the precipitation. This raingauge was 
installed temporary over two months of study period (September-November 2006).  
 
Observed discharge was measured manually using mean-mid technique [16, 17, 18], at two water sampling points, 
namely the Station 1 and Station 2. Station 1 located at the upper reach of Sungai Anak Bangi while Station 2 is just 
before the river joint with Sungai Bangi. In this study, discharge calculation was estimated using the equation: 
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Q = sum of Qn = W1D1V1 + W2D2V2 + …. WnDnVn ……………(2) 

 

where Wn is the width of the section (m), Dn the depth of the section at the midpoint (m), and Vn mean velocity of 
the section at the midpoint (m/s). Water samples were taken using the grab sampler method during rainy and storm 
events at both stations. Water samples were analysed for suspended concentration following the procedure outlined 
by Rainwater and Thatcher [19] and Morgan [20]. (1995). The residue remaining on the filter paper was oven dried 
at 105°C for 24 hours, cooled in a dessicator and weighed. The total amount of suspended sediment yield in kg/day 
then was calculated by multiplying the weighed suspended sediment with the stream discharge (m3s-1) during 
samplings [21].  

 

Results and Discussion 

Surface erosion 

Calculation of rainfall erosivity index, soil erodibility index, slope length factor, slope steepness factor, 
vegetation/cover factor and soil conservation practices factor based on tons/ha/yr are tabulated in Table 2. 
 

Table 2: Results of Surface erosion 

Symbol Parameter Unit Value 
R rainfall erosivity index (J/ha) 1654.55 
K soil erodibility index (Serdang & Prang series) (t/J) 0.32 

L,S slope length factor % 10.02 
C vegetation/cover factor Index 0.02 
P soil conservation practices Index 

 
0.80 

  A = 84.88 tons/ha/yr 
 

 

The calculation of soil erosion based on USLE model show that Bangi Forest Reserve was 84.88 tons/ha/yr. Most of 
the forested area occurred in the west and northern part of the watershed and most of the human activities occurred 
in the east and southern region. The steepest slopes within the watershed occur to the west and northern part of 
watershed. On the basis of Soil Loss Tolerance Rates in Department of Environment [22], Serdang, and Prang 
Series have moderate rate of soil loss. These Soil Series areas are located under oil palm, rubber and forest area. 
Due to some part of forest area, the value of erosion yield can be considered as moderate.    
 
Sediment Concentration and yields 
The two sampling stations along Sungai Anak Bangi were selected in order to gain some idea of sediment yield 
between upstream and downstream sites. Generally speaking, the sediment productions at Sungai Anak Bangi are 
very much relied to rainfall events. During the study period, 12 rainfall events were recorded with highest rainfall of 
36.7 mm was received on October 02, 2006 while the lowest rainfall depth was recorded on October 08, 2006 (1.9 
mm). Most of the rainfall events occurred within the short and moderate durations (< 7 hours) from 75 to 405 
minutes. The daily rainfall depth pattern during the study period exhibited fairy similar pattern compared with 
average 10 years mean daily rainfall depth recorded at Universiti Kebangsaan Malaysia Rainfall stations (240oN 
101o 44’E) (Figure 3). The relationships when expressed into statistical showing positive significant relationship 
with R2 = 0.5625 (Figure 4). Nevertheless, certain observed days recorded highest than the long term average 
namely day-4, day-5 and day-9, while others recorded less than the long term average rainfall. Detailed of rainfall 
depth and results of individual stations on suspended sediment production is tabulated in Table 3.  
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Figure 3: Daily rainfall depth recorded at study site and UKM rainfall station 
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Figure 4: The relationships between observed rainfall depth and mean daily rainfall depth 
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Table 3: Rainfall duration, rainfall depth and suspended sediment concentration at Sungai Anak Bangi 
 

Rainfall events Rainfall duration Rainfall depth  SSC (mg/l) 
 (minute) (mm) Stnt. 1 Stnt. 2 

18.09.06 125 3.1 8.4 9.2 
22.09.06 140 3.5 12.1 18.5 
23.09.06 45 2.2 2.2 7.1 
25.09.06 120 12.9 13.7 17.5 
28.09.06 210 32.2 34.2 42.5 
30.09.06 240 34.2 32.4 40.3 
02.10.06 300 36.7 43.5 48.1 
08.10.06 75 1.9 8.6 15.8 
16.10.06 103 3.1 12.3 14.1 
31.10.06 90 35.8 10.4 14.2 
17.11.06 18 12.3 1.2 5.5 
19.11.06 405 30.3 54.6 69.8 

Σ 31 hrs 208.2 233.6 302.6 
Average 155.92 17.35 19.47 25.23 

Max 405 36.7 54.6 69.8 
Min 18 1.9 1.2 5.5 

 

 

From the Table 3, weighted suspended sediment concentration (SSC) discharge from the two sampling stations 
varied from minimum 1.2 to maximum 54.6 mg/l (Station 1) and 5.5 to 69.8 mg/l (Station 2). Both maximum SSC 
were recorded during the prolonged rainy day on 19.11.06 while the minimum SSC for both stations were recorded 
on 17.11.06. The average values recorded for both stations were considered low compared with other study areas. 
For example, average SSC recorded for Sungai Air Terjun (CA = 28 km2) was 111.04 mg/l (Wan Ruslan 1996), 
Bebar (CA = 36.2 km2) was 104.2 mg/l [23], while 12.27 mg/l was recorded at Chini River (CA = 4.36 km2) [24]. 
 
The results show that the present of stable density forest canopy of the Bangi Forest Reserve plays an important role 
in minimising surface erosion which is expected as one of a major contributor on sediment yield in rivers. The 
successive layers of the canopy were act as a great filter through interception process [25], and reducing the impact 
from splash erosion by rain drops [26]. Changed in land use from forested to other human activities may lead to 
higher sediment yield particularly during unstable condition. For example, [27] reported that the erosion rate on 
newly constructed was 154.8 t/ha/yr at logging areas while [28], reveals that the transformation from forest to urban 
catchment will leave the soil surface more exposed to erosion.  
 
In the context of catchment physical characteristics, the size of the catchment and topography of the land surface 
also have significant relation to sediment yield production. It is clear from field studies that the dominant response 
mechanisms behind the link, along with the sediment yield itself, was the process of sediment being transported 
from the source to the outlet. This includes the sediment transport modes (wash load, bed load or suspended load), 
sediment properties (size and shape of grain), bedforms (ripple, dunes and antidunes), bed roughness, ks and 
effective shear stress, τb. Combination of these factors with other physical aspects such as basin area scale and 
hydro-meteorological conditions have been shown to influence the sediment yield of many catchment areas as 
studied by [29,30,31,32,33,34] . 
 
The regime of the Sungai Anak Bangi reflects the rainfall events associated with north-east monsoon occurred 
during the study period. Using equation (1), detailed observed discharge (Q) and estimated daily Q calculated for 
each sampling points during water collection were tabulated in Table 4. At Station 1, the daily Q sampled ranged 
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from 172.8 m3/day to 6220.8 m3/day. This when converted to L/day is 172, 800 and 6220, 800 L/day. Meanwhile at 
Station 2, daily Q sample ranged from 432.0 m3/day to 7862.4 m3/day or 432, 000 to 7862, 400 L/ day. All together, 
the mean observed Q and daily Q (m3/day) for Station 1 and Station 2 are 0.024 m3/s, 0.029 m3/s, 2052 m3/day and 
2484 m3/day, respectively.  
 
 

Table 4: Hydrological data for Sungai Anak Bangi 

Date Observed Q  
(m3/s) 

Estimated daily Q (m3/day) Estimated daily Q (L/day) 

 Stnt. 1 Stnt. 2 Stnt. 1 Stnt. 2 Stnt. 1 Stnt. 2 
18.09.06 0.012 0.013 1036.8 1123.2 1036, 800 1123, 200 
22.09.06 0.013 0.013 1123.2 1123.2 1123, 200 1123, 200 
23.09.06 0.004 0.005 345.6 432.0 345, 000 432, 000 
25.09.06 0.013 0.015 1123.2 1296.0 1123, 200 1296, 000 
28.09.06 0.035 0.052 3024.0 4492.8 3024, 000 4492, 800 
30.09.06 0.042 0.043 3628.8 3715.2 3628, 800 3715, 200 
02.10.06 0.051 0.052 4406.4 4492.8 4406, 400 4492, 800 
08.10.06 0.005 0.010 432.0 864.0 432, 000 864, 000 
16.10.06 0.032 0.036 2764.8 3110.4 2764, 800 3110, 400 
31.10.06 0.004 0.010 345.6 864.0 345, 600 864, 000 
17.11.06 0.002 0.005 172.8 432.0 172, 800 432, 000 
19.11.06 0.072 0.091 6220.8 7862.4 6220, 800 7862, 400 

 

 

There are also significant correlations between observed Q and the present of suspended sediment concentration for 
both sampling stations (Figures 5 and 6). At Station 1, observed Q was correlated as positive slope with SSC (R2= 
0.910) showing that the highest the Q will follow with an increase in suspended sediment concentration. Meanwhile 
at Station 2, the measurement of observed Q and SSC showed a statistically significant relationship between both 
variables (R2 = 0.909). 
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Figure 5: Relationship between observed Q and SSC at Station 1 
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Figure 6: Relationship between observed Q and SSC at Station 2 

 

To gain the suspended sediment yield in the river, the daily suspended sediment concentration was calculated.  It is 
the gross amount of suspended sediments carried past the sampling stations over a 24 hour period. The information 
is important because of the fact that sediment yield from the catchments is that portion of the eroded soil which 
leaves the catchment. The result is presented in Table 5. Average suspended sediment yield estimated at Station 1 
was 75.0415 kg/day while at Station 2 was 103.2559 kg/day. As the volume of sediments at Station 1 are flowing to 
Station 2, it can be estimated that gross amount of sediment yields produced at Station 2 (103.2559 minus 75.0415= 
28.21 kg/day) is much lesser than the amount of sediment yield calculated at Station 1. At Station 1, suspended 
sediment yields were recorded between 0.76 kg/day to 339.66 kg/day while at Station 2, suspended sediment yields 
ranged from 2.38 kg/day to 548.79 kg/day, respectively. The large sediment yield on the latter occasion (19.11.06) 
was partly derived from high discharge occurred on that day. Total catchment area for Sungai Anak Bangi is 3.7 
km2. This is the estimated area of which sediment leaved the catchment. When converted into per square km, the 
gross value of suspended sediment yield leaved from Sungai Anak Bangi is estimated about 27.907 kg/ km2/day or 
10, 186 kg/ km2/yr. 

 
Conclusion 

The study shows the importance of forest covers in reducing the surface erosion. The present of Bangi Reserve 
Forest plays a vital role in controlling surface erosion and rainfall interception. At a same time, sediment 
concentration is closely related to rainfall events which increase river regimes especially in terms of river discharge. 
Suspended sediment yields carried out by the Sungai Anak Bangi are much smaller than those reported for other 
rivers in Malaysia. This indicates that erosion although occurred in the study area but still within the acceptable 
value. It is extremely important to preserve the forest as well as Sungai Anak Bangi as one of the best practices in 
controlling over sediment yield in the study area. 
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Table 5: Suspended sediment yield per day in Sungai Anak Bangi 
 

Date Estimated daily Q (L/day) SSC 
(mg/l) 

SSC 
(kg/l) 

SSC yield  
(kg/day) 

 Stnt. 1 Stnt. 2 Stnt. 1 Stnt. 2 Stnt. 1 Stnt. 2 Stnt. 1 Stnt. 2 
18.09.06 1036, 800 1123, 200 8.4 9.2 0.0000084 0.0000092 8. 7091 10.3334 
22.09.06 1123, 200 1123, 200 12.1 18.5 0.0000121 0.0000185 13.5907 20.7792 
23.09.06 345, 000 432, 000 2.2 7.1 0.0000022 0.0000071 0.759 3.0672 
25.09.06 1123, 200 1296, 000 13.7 17.5 0.0000137 0.0000175 15.3878 22.6800 
28.09.06 3024, 000 4492, 800 34.2 42.5 0.0000342 0.0000435 103.4208 195.4368 
30.09.06 3628, 800 3715, 200 32.4 40.3 0.0000324 0.0000403 117.5731 149.7226 
02.10.06 4406, 400 4492, 800 43.5 48.1 0.0000435 0.0000481 191.6784 216.1037 
08.10.06 432, 000 864, 000 8.6 15.8 0.0000086 0.0000158 3.7152 13.6512 
16.10.06 2764, 800 3110, 400 12.3 14.1 0.0000123 0.0000141 34.0070 43.8566 
31.10.06 345, 600 864, 000 10.4 14.2 0.0000104 0.0000142 3.5942 12.2688 
17.11.06 172, 800 432, 000 1.2 5.5 0.0000012 0.0000055 2.074 2.3760 
19.11.06 6220, 800 7862, 400 54.6 69.8 0.0000546 0.0000698 339.6557 548.7955 
Average 258900 1929600 19.5 25.2 0.0000195 0.0000253 75.0415 103.2559 
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Abstract 

Biochemical Oxygen Demand (BOD)  is a typical parameter used in assessing organic pollution strength in surface waters and is 
normally tested over a 5-day period at an incubation temperature of 20°C (BOD5). The accuracy of this constituent, in assessing 
organic contamination under brackish conditions has always been known to be somewhat limited as elevated concentrations of 
chloride (Cl-) disrupts microbial activity from osmotic cellular degradation, causing the bottle decay rate, k1, to be effected. The 
aim of this study was to quantify the effects of induced salinity on k1, with varying levels of sodium chloride (NaCl) 
concentration (5 – 25 ppt), towards six mildly polluted to polluted tropical river water samples. The observed variations ranged 
between 0.10 – 0.25/day of k1 for the stipulated samples using the Thomas graphical method for determination of the k1 rate 
constant. Sg. Rawang depicted the highest quantum of difference in k1, with decrement from 0.754/day (0 ppt) to 0.513/day (25 
ppt), whereas Sg. Klang showed the lowest quantum, from 0.306/day (0 ppt) to 0.265/day (25 ppt).  
 
Keywords : BOD5 saline, brackish, estuarine, bottle decay rate 

 
Abstrak 

Keperluan Oksigen Biokimia (BOD) adalah metodologi biasa yang digunakan untuk menilai kekuatan pencemaran bahan 
organik dalam air dan biasanya diuji dalam jangka masa 5 hari pada suhu inkubasi 20°C (BOD5). Ketepatan BOD5, untuk 
menilai kontaminasi organik dalam air masin sememangnya diketahui agak terhad akibat daripada kandungan klorida (Cl-) tinggi 
yang mengganggu aktiviti mikrob, di mana berlakunya pelupusan sel dari proses osmosis, yang seterusnya menyebabkan 
gangguan terhadap kadar pereputan dalam botol (k1). Tujuan kajian ini adalah untuk menghisab kesan kemasinan terhadap k1, 
dengan meningkatkan kepekatan Natrium Klorida (NaCl) secara berperingkat, antara 5 – 25 bpj, terhadap enam sampel air 
sungai yang diklasifikasikan sebagai sedikit tercemar hingga tercemar. Didapati variasi k1 umumnya berada antara 0.10 – 
0.25/sehari menggunakan metodologi pengukuran grafikal Thomas. Sg. Rawang menunjukkan perbezaan ketara dalam nilai k1, 
dengan kejatuhan daripada 0.754/sehari (0 bpj) ke 0.513/sehari (25 bpj), manakala Sg. Klang pula menunjukkan perbezaan 
paling minima dari 0.306/sehari (0 bpj) ke 0.265/sehari (25 bpj). 
 
Katakunci : BOD5 air masin, pencemaran organik di kawasan kuala sungai, kadar pereputan dalam botol 

 
Introduction 

Biochemical Oxygen Demand (BOD) is a fundamental parameter used in the assessment of organic contaminants 
present in water and wastewater. The parameter was first used in the early 1900s as an indicator of organic 
contamination from sewage sources in the United Kingdom (UK). An incubation time of 5 days at 20°C for testing, 
brought about the acronym BOD5, with the primary justification that the maximum retention time of organic 
pollutants from sewerage sources of rivers in the UK was in accordance to these conditions [1]. The test itself in-
turn, is primarily governed by three things; (1) the amount of biodegradable organic matter present, (2) mix culture 
of microbial population that propagates the degradation and  (3) acceptable dissolved oxygen levels for microbial 
aerobic respiration. The amount of biodegradable organic matter present (left hand side of the Eq. 1.1), is the 
primary constituent of concern measured in the test, as excess amounts of organic matter may contribute towards in-
stream oxygen depletion, commonly referred to as the DO sag [2] ; 
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A universal qualifier used in BOD testing is that, only the carbonaceous fraction (or cBOD), is measured as this 
portion truly reflects the biodegradable organics present. The resulting ammonia, NH3-N, which is a product of the 
degradation, exhibits its own oxygen demand after a few days, during the transformation of NH3-N to NO2-N and 
NO3-N (nitrification). This oxygen demand is referred to as nitrogenous BOD or nBOD. In order to inhibit the 
effects of nBOD, nitrification inhibitors such as TCMP (2-chloro-6-(trichloro-methyl) pyridine) is utilized [3]. 
Throughout the degradation process, there must be sufficient levels of dissolved oxygen (DO) in the BOD test 
bottle, preferably above 2 mg/l. Depletion of DO below this value at any time during the test, will incur anoxic 
conditions, causing stress to the microbial population, hence affecting the BOD readings. If the value falls below 2 
mg/l on the fifth day, the sample will simply be rejected and not considered to be part of the result. This is why 
many analytical references on BOD testing often recommend preparation of serial dilutions of the same sample, 
where incubation is done simultaneously [1]. 
 
The final variable for consideration is the quantity and type of microorganisms present. The microorganisms, which 
drive the degradation process can either be introduced through seeding or assumed to be already present in ambient 
water sample. As an added precautionary measure, seeding is often recommended by analytical references [3]. 
Though being the case, the quantification of the microbial population in the BOD tests remains arbitrary in many 
practices. This does not mean that this variable is unimportant; after all it is the microorganisms that incur DO 
depletion in the test bottle. Any disturbance, whether it is natural or otherwise, to microbial growth, will disrupt the 
first-order reaction kinetics and hence affect the BOD results [4]. 
 

Problem Statement 

The presence of reagents such as chlorine (Cl2), widely used as a disinfectant, in water and wastewater treatment 
plants in many developing countries, is a good example of the disturbances discussed above. Chlorine is effective in 
removing coliform organisms such as Escherichia coli (E. coli) and Enterococcus spp., by incurring osmotic 
cellular protoplasmic decomposition [5]. The effects of these types of disinfectants on microbes are widely 
recognized, though little is known on the implications towards the BOD test itself, when samples due for testing 
contain elevated levels of the constituent. A chlorine check is typically recommended prior to commencement of 
BOD5 analysis [3]. 
 
Another perspective is, to look at this in terms of application of the BOD test for assessment of ambient water 
quality, particularly at the estuarine zone where salinity levels, as a result of chloride (NaCl) is predominant. It has 
been long accepted that BOD, as a parameter of assessment for organic contamination under such conditions is not 
preferable, where Total Organic Carbon (TOC) analysis is more preferred [6]. To what extent the chloride content 
affects the BOD test under brackish conditions, remains ambiguous. TOC analysis though providing a viable, more 
representative alternative is not necessarily a cost-effective solution, due to limited facilities and equipment [7]. 
This is even more so true when a comprehensive monitoring network is already in place. It is on this basis that the 
extent of chloride influences on the BOD5 test, or more specifically the reaction kinetics involved needs to be 
further scrutinized.  

 

Methodology 

Prior to conducting the analysis, suitable locations for grab sample collection were identified. Since the BOD5 test is 
a bio-assay procedure, where the sensitivity of the analysis is directly related to the DO margin between the first and 
fifth day, it was therefore necessary, to choose locations where organic contamination was known to be significant; 
in order to encapsulate the maximum degradation, and hence view clear and distinct variations between runs. This 
was done qualitatively, by correlation to specific land uses. Rivers and streams in the state of Selangor, Peninsular 
Malaysia that receive significant amount of organic contributions, such as from sullage or greywater, sewage and 
industrial sources were the best candidates to collect the grab samples. Based on historical monitoring data, these 
stations were also known to exhibit significant BOD. Five sampling stations were identified; Sg. Rawang (Rawang 
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river), Sg. Serendah (Serendah river), Sg. Klang (Klang river) and Sg. Damansara (Damansara river, 2 stations, 
upstream and downstream). The geographical coordinates of these stations are shown in Table 1 below: 
 
 

Table 1: Location of Sampling Stations 
 

River Basin Description 
Latitude  

(N) 

Longitude 

(E) 

Station 

ID 

Sg. Rawang Sg. 
Selangor 

Predominantly receives sewerage pollution 
input from Rawang town, a tributary of Sg. 
Serendah. 

3° 19’00’’ 101° 4’00’’ S1 

Sg. Serendah Sg. 
Selangor 

Identified as most polluting tributary 
within Sg. Selangor particularly for 
organic contaminants such as BOD, COD 
and NH3-N 

3° 21’00’’ 101° 33’00’’ S2 

Sg. Klang Sg. 
Klang 

Receives input from various types of 
pollution sources in Selangor state, border 
transcends to Kuala Lumpur. 

3° 2’50” 101° 30’43” S3 

Sg. Damansara 
(Upstream) 

Sg. 
Klang 

A tributary of Sg. Klang, station is prior to 
receiving industrial effluent from Shah 
Alam industrial zone, located near TTDI 
Jaya. 

3° 4’25’’ 101° 33’16” S4 

Sg. Damansara 
(Downstream) 

Sg. 
Klang 

Station located after industrial zone input, 
but prior to Sg. Klang confluence. 
Receives treated leachate discharge from 
Waste Transfer Station. 

3° 3’17” 101° 32’56” S5 

 
 
 
All samples collected were incubated at 4°C for about 2 hours, during transit from site to the laboratory. The actual 
BOD5 analysis was conducted in accordance with the American Public Health Association (APHA) Standard 
Methods for the Examination of Water and Wastewater, Method 5210B.  
 
Prior to incubation and analysis, sodium chloride (NaCl) solutions were prepared and mixed with the dilution water. 
This was done with by using gravimetric method, factoring in the solubility limit of the constituent in a 300 ml 
BOD5 test bottle under varying salinity levels from 5 parts per thousand (ppt) to 25 ppt for each of the sample 
collected, at different dilutions. Table 2 below illustrates the amount of NaCl addition required to the achieve the 
desired salinity ; 

 

Table 2: Amount of Sodium Chloride (NaCl) added to 300ml BOD5 Test Bottle 
 

Desired Salinity (ppt) NaCl addition (g) 

5 1.5 
10 3.0 
15 4.5 
20 6.0 
25 7.5 
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Lide [10], showed that the solubility of NaCl, at an incubation temperature of 20°C, based on the above desired 
salinity levels should be close to 100%. DO levels in each of the BOD bottles were monitored daily, to view any 
variation in decay rate, k1 and daily BOD. There are many proposed methodologies pertaining to k1 determination, 
the one employed in this study is the Thomas’ graphical method [8]. This method relies on the following BOD rate 
equation: 
                                                        [ ] 3

0t kt)6/1(1)kt(LBOD −+=                                             (2) 

Rearranging this equation, and taking the cube root of both sides yields ; 
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A plot of (t/BODt)1/3 over time is linear. The intercept and slope are defined as: 
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Finally solving for L0
1/3, in Eq. 3.11 by substitution of Eq. 3.12 yields: 
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To summarize, in calculating the bottle decay rate, k or k1, (t/BODt)1/3 versus time is plotted on an arithmetic graph 
and a best-fit straight line is drawn, after which the intercept (A) and slope (B) from the plot is determined and 
finally k, is calculated based on Eq. 6. 

 
Results and Discussion 

Referring to Figure 1 below, unsurprisingly, there is a noticeable difference for the BOD samples tested with 
varying degrees of salinity. Generally, the bottle decay rate, k1, decreases as salinity increases, which in turn is an 
indicator that the chloride is disrupting microbial activity. This hypothesis has been previously established, what is 
interesting though, is the extent of the effect on the samples tested. After the fifth day, the margin, for Sg. 
Damansara (downstream) and Sg. Klang samples, exhibited the maximum observable deficiency in BOD (ΔBOD), 
between lowest and highest salinity at 8 mg/l each (Sg. Damansara (downstream) ; 0 ppt BOD5 = 15 mg/l, 25 ppt 
BOD5 = 7 mg/l; Sg. Klang; 0 ppt BOD5 = 16 mg/l, 25 ppt BOD5 = 8 mg/l), a reduction of more than 50%. The 
lowest variation was in the Sg. Serendah sample at about 1.5 mg/l (25%) which can be considered negligible as the 
standard error for the BOD test is about 2 mg/l [3]. 
 
It should be noted that not all of samples followed the same inverted BOD-salinity relationship. There were also 
some discrepancies, where higher salinity levels, actually incurred higher BOD (particularly for Sg. Rawang). This 
phenomenon relates back to the fact that the BOD test is a bioassay procedure, and heterogeneous distribution of 
organics and microbial populous, may be the root cause. Further observations are required to determine the root 
cause of the anomaly. 
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Figure 1: BOD5 Analysis Results for Varying Induced Salinity Levels 
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The decay rate analysis, k1, in accordance with the Thomas graphical method was then conducted, the results of 
which are summarized in Table 3 and illustrated in Figure 2: 

 

Table 3: BOD Decay Rate, k1,  Analysis Summary 
 

 BOD Decay Rate, k1 (1/day) 

Salinity (ppt) Sg. Rawang Sg. Serendah Sg. Klang 
Sg. Damansara 

(Upstream) 

Sg. Damansara 

(Downstream) 

0 0.754 0.798 0.306 0.466 0.420 
5 0.719 0.663 0.299 0.444 0.390 

10 0.691 0.533 0.265 0.416 0.390 
15 0.670 0.662 0.257 0.401 0.383 
20 0.577 0.626 0.260 0.440 0.251 
25 0.513 0.626 0.265 0.243 0.234 

Δk1 (k25ppm – k0ppm) 0.241 0.172 0.041 0.223 0.186 
%Δk1/k1(s=0) 31.96% 21.55% 13.39% 47.85% 44.29% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: BOD Decay Rate, k1, Graphical Analysis 
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Again, it is apparent there is a decrement in the bottle decay rate, k1, with regards to increasing salinity. The highest 
quantum was observed in Sg. Rawang at 0.241/day, followed by Sg. Damansara (upstream) at 0.223/day, whereas 
the lowest quantum was observed at Sg. Klang at 0.041/day. At first glance, this may seem anomalous, because, as 
mentioned previously, Sg. Klang and Sg. Damansara (downstream) exhibited the highest reduction in terms of 
overall BOD in the analytical proceedings. What needs to be understood here is that although there seems to be a 
significant reduction in k1, (denoted as Δk1), the influence on the overall in-stream BOD magnitude, still remains 
relative to the overall/original decay rate, vis-à-vis, the ratio Δk1/k1(s=0) is a more indicative contributor of the 
influence of chloride towards overall BOD reduction. Sg. Rawang for example, though exhibiting a Δk1 of 
0.241/day, only has a relative reduction or Δk1/k1(s=0) of 32% whereas Sg. Damansara (downstream) on the other 
hand exhibited a Δk1/k1(s=0) of about 44%, an even more significant reduction than the former.  
 
The rate of decrement itself (Δk1), varies from one sample to the next, which again may be attributed to the mix of 
microbial populations already present in the sample, as well as the composition and biodegradability of the organic 
constituents present, which more likely than not, is site specific and relative to input sources. However, it is clear, 
for there to be any significant reduction in oxygen demand exerted by microbial organisms when stabilizing 
biodegradable organic matter by salinity/chloride, the margin of relative reduction to the original decay rate 
(Δk1/k1(s=0)) must be significant, whereas the magnitude of reduction (Δk1) alone is insufficient.  
 
The decay rate in the bottle, k1 is often misinterpreted as kd, which is the in-stream decay rate. kd can differ to k1 by 
as much as ten times [8], due to the unrestricted supply of oxygen transfer, occurring at the air-water interface, 
attributed to re-aeration as well as photosynthesis. Therefore it would also be safe to assume that the decay rate ratio 
affecting the bottle decay also applies under these conditions as well. The only unaccounted factor relating to BOD 
kinetics under estuarine conditions is therefore tidal dilution of organic contaminants, which of course has a 
substantial effect [9]. Albeit being the case, this case study has clearly shown that BOD is not a suitable parameter 
for assessment of saline waters; the bio-kinetics is simply skewed, as elaborated above. 

 

Conclusion 

From the preliminary study conducted above, there is a significant drop in BOD as a result of increasing salinity in 
all the river water samples collected. This was directly attributed to the influence of chloride in relation to microbial 
cellular decomposition. Although the magnitude of Δk1 varies from one sample to the next, the end results subject 
BOD to further scrutiny as a suitable water quality parameter for monitoring of estuarine zones. In consequence of 
this observation, other water quality applications which cannot avoid using BOD as an indicator for organic matter, 
such as in water quality modeling, need to account for the effects of salinity towards microbial activity [6]. A 
reasonable approximation pertaining to the reduction in decay rate, in particular for tropical rivers can be done using 
the above results. 
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Abstract 

Hydrodistillation using a Clevenger-type apparatus of the Etlingera sphaerocephala var. grandiflora rhizomes, stem, leaves and 
whole plant yielded oils of respective 0.03, 0.02, 0.17 and 0.05%. Forty two compounds (or 97%), 32 (81%), 40 (63%) and 36 
(80%) of the rhizome, stem, leaf and whole plant oils gave good matches in GCXGC-TOFMS analysis. The major components 
in the rhizome oil: 1,8-cineole (16.8%), α-phellandrene (12.7%) and β-trans-ocimene (8.9%); the stem: 1,8-cineole (17.4%), α-
phellandrene (9.7%) and 1S-α-pinene (9.5%); the leaf: α-phellandrene (12.3%) and diprene (10.3%); and in the whole: β-pinene 
(12.2%), α-pinene (8.6%), p-menth-1-en-8-ol (8.5%) and α-phellandrene (8.5%). Monoterpenes constituted the richest 
components (76% average) in all of the four oils followed by sesquiterpenes (4%) and non-terpenes (0.2%). Three clusters of 
1,8-cineole and α-phellandrene; β-pinene and 1,8-cineole; and α-phellandrene were obtained in cluster and principal component 
analyses. 
 
Keywords: Etlingera sphaerocephala var. grandiflora, essential oils, GCXGC-TOFMS 

 
Abstrak 

Penyulingan air dengan radas jenis-Clevenger rizom, batang, daun dan keseluruhan tumbuhan menghasilkan minyak masing-
masing sebanyak 0.03, 0.02, 0.17 dan 0.05%.  Empat puluh dua sebatian (atau 97%), 32 (81%), 40 (63%), dan 36 (80%) minyak 
rizom, batang, daun dan keseluruhan tumbuhan memberikan padanan yang baik dalam analisis KGXKG-SJMP. Komponen 
utama dalam minyak rizom: 1,8-sineol (16.8%), α-felandrena (12.7%) dan β-trans-osimena (8.9%); batang: 1,8-sineol (17.4%), 
α-felandrena (9.7%) dan 1S-α-pinena (9.5%); daun: α-felandrena (12.3%) dan diprena (10.3%); dan dalam keseluruhan: β-pinena 
(12.2%), α-pinena (8.6%), p-ment-1-en-8-ol (8.5%) dan α-felandrena (8.5%). Monoterpena menjuzukkan komponen terkaya 
(purata 76%) dalam kesemua empat minyak diikuti seskuiterpena (4%) dan bukan-terpena (0.2%). Tiga kluster 1,8-sineol dan α-
felandrena; β-pinena dan 1,8-sineol; dan α-felandrena diperolehi dalam analisis kluster dan komponen utama. 
 
Kata kunci: Etlingera sphaerocephala var. grandiflora, minyak pati, GCXGC-TOFMS 

 
Introduction 

There are 151 Zingiberaceae species belonging to 18 genera found in Peninsular Malaysia [1]. The largest 
Zingiberaceae genus is Alpinia (23 species), whereas Etlingera (10) ranks sixth. The number of Etlingera species 
has now increased to 15 [2]. Etlingera species are tall forest plants, with larger species reaching up to 6 m in height 
[3]. Holttum [4] described E. sphaerocephala var. grandiflora by its subterranean inflorescence with flowers 
appearing at soil level; its stature is 2.5 m; its leaves when young also suffused purple below; its labellum is 6 cm or 
more in length and 2.7 cm wide, the base is red in colour. Etlingera sphaerocephala var. grandiflora can be found 
in many parts of the Peninsular Malaysia and Borneo [5], mainly in lowland forests and at moderate elevation on the 
mountains. No uses have ever been recorded for E. sphaerocephala var. grandiflora [6].  
 
To date, several studies have been carried out on Etlingera essential oils. Lechat-Vahirua et al. [7] found methyl 
eugenol (47.4%) and (E)-methyl isoeugenol (18.2%) as major components in the rhizome essential oil of Etlingera 
cevuga. The respective dry flower and flower axis essential oils of the Brazilian E. elatior contained dodecanol 
(42.5, 34.6%), dodecanal (14.5, 21.5%) and α-pinene (22.2, 6.3%) as their major constituents [8]. β-Pinene (19.2%), 
caryophyllene (15.4%) and (E)-β-farnesene (27.9%) represented the major components of the leaf essential oil of 
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the Malaysian E. elatior whereas 1,1-dodecanediol diacetate (34.3%) and (E)-5-dodecene (27%) largely dominated 
the stem essential oil. The flower and rhizome essential oils of the Malaysian E. elatior comprised the major 
constituents of 1,1-dodecanediol diacetate and cyclododecane [9]. Nine components were identified from the 
rhizome essential oil of the Thai Etlingera punicea from which the phenolic compound of methyl chavicol (95.7%) 
represented the major constituent [10]. 

 
Materials and Methods 

Plant Material 

Rhizome, stem, leaf and whole plant samples of the Etlingera sphaerocephala var. grandiflora were collected in 
January 2009 from Genting Peras, Hulu Langat, Selangor, Malaysia and kept fresh in the freezer. A voucher 
specimen of WYA 386 for the plant was deposited at the Universiti Kebangsaan Malaysia Hebarium. 
 
Isolation Procedure 

Each of the fresh parts and the whole plant of the Etlingera sphaerocephala var. grandiflora was cut into small 
pieces, blended in distilled water and hydrodistilled in a Clevenger-type apparatus for 3 hours. The volatile oils 
obtained were dried over anhydrous sodium sulfate and stored in a cold room. Each of the oils was dissolved in 
dicholoromethane for analysis using GCXGC-TOFMS. 
 
GCXGC-TOFMS System 

GCXGC 
GCXGC analyses were carried out using Agilent 6890N GC equipped with a LECO thermal modulator (technology 
under license from Zoex Corporation). Two columns were employed: Rtx-5MS (30 m, 0.10 mm id, film thickness 
0.25 µm) and DB-WAX (1 m, 0.1 mm id, film thickness 0.1 µm). Operating conditions for both columns were as 
follows: initial oven temperature, 45 ºC for 2 min, then to 230 ºC (for Rtx-5MS) and 50 ºC for 2 min, then to 235 ºC 
(for DB-WAX) at 6 ºC⁄min then held for 5 min; inlet temperature, 230 ºC; carrier gas, 1 ml/min He; injection size, 
1.0 µl splitless; modulator temperature, 30 ºC offset from main oven; modulation frequency, 5 s with a 1 s hot pulse 
time. 
 
MS                                                                                                                                  
The GC–TOF-MS software of the LECO Pegasus was used to find all peaks in the raw GCXGC chromatogram. 
Significant operating parameters: ionization voltage, EI at 70 eV; source temperature 200 ºC; scan mass range, 50-
400 U; acquisition rate, 100 spectra ⁄s 
 
Compounds Identification 

Compounds were identified by computer using their MS data compared to the NIST mass spectral library. The 
components which have similarity, reverse and probability of more than 800, 800 and 1000 respectively were 
considered as good matches. 
 
Statistical Analysis 

The percentage composition of the major components of the essential oils was used to determine the relationship 
among different parts using hierarchical cluster analysis (SPSS software computer package). The cluster analysis 
was constructed on the basis of agglomerative grouping and average linkage between the groups employing the 
clustering method based on squared Euclidean distances. 

 
Results and Discussion 

The hydrodistillation of the rhizomes of Etlingera sphaerocephala var. grandiflora gave a pale yellowish viscous 
oil in 0.03% yield (w/w). The same proved true for the stem and whole plant oils but they gave 0.02 and 0.05% 
yields. The leaves produced a colorless non-viscous oil in 0.17% yield. With the yield ratio for the leaves: whole 
plant: rhizomes: stem of 8.5: 2.5: 1.5: 1, the leaves contained far more oil than the others.  
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GCXGC-TOFMS analysis of the Etlingera sphaerocephala var. grandiflora rhizome, stem, leaf and whole plant 
oils has shown the presence of respective 42, 32, 40 and 36 components which comprised of 97, 81, 63 and 80% of 
the total constituents of the oils (Table 1). There were 70 different compounds present in those four oils.                                              
      
All the major compounds of the Etlingera sphaerocephala var. grandiflora oils as presented below were of the 
terpenic, whereby the rhizomes gave 1,8-cineole (16.8%), α-phellandrene (12.7%) and β-trans-ocimene  (8.9%); the 
stem produced 1,8-cineole (17.4%), α-phellandrene (9.7%) and 1S-α-pinene (9.5%); the leaves yielded α-
phellandrene (12.3%) and diprene (10.3%); and the whole plant gave β-pinene (12.2%), α-pinene (8.6%), p-menth-
1-en-8-ol (8.5%) and α-phellandrene (8.5%) (Figure 1). From the above eight main components, it is obvious that α-
phellandrene was found in all four oils whereas 1,8-cineole occurred only in the rhizomes and the stem. The major 
compounds of the Malaysian Etlingera elatior leaf oil were also of the terpenic, comprising of (E)-β-farnesene 
(27.9%), β-pinene (19.2%) and caryophyllene (15.4%). Notice that the major β-pinene found in the whole plant oil 
of the Etlingera sphaerocephala var. grandiflora was also a main component in the Malaysian Etlingera elatior leaf 
oil. On the other hand, the flower and flower axis oils of the Brazilian Etlingera elatior each contained one terpenic 
compound of α-pinene (22.2 and 6.3%) out of three major components besides the non-terpenic dodecanol (42.5 and 
34.6%) and dodecanal (14.5 and 21.5%). Coincidently, the oils of the Brazilian Etlingera elatior and the Etlingera 
sphaerocephala var. grandiflora whole plant contained a similar major component, α-pinene. Other main 
compounds of the Etlingera volatile oils were all non-terpenic such as methyl eugenol (47.4%) and (E)-methyl 
isoeugenol (18.2%) of the Etlingera cevuga rhizome oil; 1,1-dodecanediol diacetate (34.3%) and (E)-5-dodecene 
(27%) of the Malaysian E. elatior stem oil; 1,1-dodecanediol diacetate (47.3%) and cyclododecane (34.5%) of the 
Malaysian E. elatior rhizome oil; cyclododecane (40.3%) and 1,1-dodecanediol diacetate (24.4%) of the Malaysian 
E. elatior flower oil; and methyl chavicol (95.7%) of the Thai Etlingera punicea rhizome oil. 
 
Out of the 70 different components that occurred in the four oils, 16 (23%) were found in each of the oils. They 
were α-phellandrene, o-cymene, α-terpinolene, β-pinene, camphene, β-cis-ocimene, α,p-dimethylstyrene, 1,8-
cineole,  p-menth-1-en-8-ol, 4-terpineol, linalool, borneol, exo-fenchol, α-humulene, epi-β-santalene and 3,5-
dimethyloctane. α-Santalene and copaene were available in all of the oils of E. sphaerocephala var. grandiflora 
except in the rhizomes. 3-Pinanone and myrtenal were found in the all oils of E. sphaerocephala var. grandiflora 
but not in the stem. Limonene, δ-cadinene, α-muurolene and α-bergamotene were present in all of the oils of E. 
sphaerocephala var. grandiflora except in the leaves. 
 
On average, monoterpenes represented the most abundant constituents (76%) in all four oils followed by 
sesquiterpenes (4%) and non-terpenes (0.2%). Previous studies on the Etlingera essential oils found that they were 
not rich in monoterpenes, as shown in the Etlingera cevuga rhizome (20.1%); Brazilian Etlingera elatior flower 
(25.3%) and flower axis (6.8%); Malaysian  Etlingera elatior leaf (38.8%), stem (4.8%), flower (7.5%) and rhizome 
(0.5%); and Thai Etlingera punicea rhizome (4.2%), compared to the current study on the E. sphaerocephala var. 
grandiflora rhizome (89.9%), stem (77%), leaf (61.2%) and whole plant     (75.9%).    Eight,     four     and     fifteen     
compounds  of  the sesquiterpenes comprising 4.1, 1.2 and 6.8% of the whole components were identified in the 
Etlingera cevuga, E. punicea and E. sphaerocephala var. grandiflora rhizome oils whereas the Malaysian Etlingera 
elatior rhizome oil had no sesquiterpenes. The sesquiterpene percentages in the Malaysian Etlingera elatior leaf and 
stem oils (45.7 and 11.3%) were higher than those in the E. sphaerocephala var. grandiflora leaf and stem oils (1.1 
and 4.2%). The sesquiterpenes were found in small percentages in the oils of Brazilian Etlingera elatior flower 
(3.2%), Malaysian Etlingera elatior flower (5.8%) and E. sphaerocephala var. grandiflora whole plant (3.7%) 
whereas the one found in Brazilian Etlingera elatior flower axis yielded 22.5%. The non-terpenes represented the 
high percentages in the essential oils from the Etlingera cevuga rhizome (72.9%);  Brazilian Etlingera  elatior 
flower (66.6%) and flower axis (65.2%); Malaysian Etlingera elatior stem (86.8%), flower (81.1%) and rhizome 
(82.8%); and Thai Etlingera punicea rhizome (95.7%). The non-terpenes which were found in the Malaysian 
Etlingera elatior leaf oil gave 3.5%. The non-terpene percentages were considerably very low in all parts of the E. 
sphaerocephala var. grandiflora. 
                                              
The hierarchical cluster analysis of the major volatile constituents from the rhizomes, stem, leaves and whole plant 
grouped those oils into three main two-part clusters (Fig. 1 and Fig. 2). The first cluster is formed of oils of the 
rhizomes (16.8%) and stem (17.4%) contained 1,8-cineole as the main component. The second cluster constructed 
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by oils of the leaves and whole plant comprised α-phellandrene (12.3%) and β-pinene (12.2%) as the major 
components, while the third cluster consisted of oils of the rhizomes and leaves and contained 1,8-cineole (16.8%) 
and α-phellandrene (12.3%) as the main components. 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The percentages of the main compounds in the essential oils of the rhizomes, stem, leaves and whole plant 

of the Etlingera sphaerocephala var. grandiflora. 
 
 
 
 
 
                      Rescaled Distance Cluster Combine 
 
      C A S E       0         5        10        15        20        25 
  Label        Num  +---------+---------+---------+---------+---------+ 
 
  Rhizome        1   ─┬───────────────────────────────────────────────┐ 
  Stem           2   ─┘                                               │ 
  Leaf           3   ───────────────────────┬─────────────────────────┘ 
  Whole Plant    4   ───────────────────────┘ 

 
Figure 2: Dendrogram generated by hierarchical cluster analysis of the percentage composition of eight major components of the 

essential oils from rhizomes, stem, leaves and whole plant of Etlingera sphaerocephala var. grandiflora, clustering 
method based on squared Euclidean distances. 
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Table 1: Components of essential oils obtained from the rhizomes, stem, leaves and whole plant of Etlingera sphaerocephala var. grandiflora. 

 
 
Compound 

              Rhizome                  Stem                Leaf             Whole plant 
R.t.

1 
R.t.

2 

S 

 

 R  P  ٪ R.t.
1 

R.t.
2

S  R  P   ٪   R.t.
1 

R.t.
2 

S  R P ٪ R.t.
1 

R.t.
2

 S R  P   ٪   

Monoterpene hydrocarbon                     
α-Phellandrene 9.83333 

0.730 
919   929 6954 12.69   9.83333 

0.720 
922 922 7235 9.66     9.75       

0.700 
938  938  8759 12.28   9.75  

0.670 
934   934  8743 8.45   

β-trans-Ocimene     8.16667 
0.670 

913   913 3633  8.93        -     -     - 

(3Z)-2,7-Dimethyl-3-octen-5-
yne 

8.25      
0.710 

813 821 1603 7.33         -     - 8.16667 
0.710    

838   845   1638 5.40   

Pseudolimonene   9.16667 
0.740 

811   827 2404 7.04         - 9.1666    
0.750 

813   828   2196 4.65         - 

Sabinene 9.16667 
0.670 

912   912 6176 5.27         - 9.25       
0.670 

900   901   5709 5.13         - 

o-Cymene    10.3333 
0.740 

947 952   5596 4.82     10.3333 
0.760 

942 947 5084 6.60     10.3333  
0.740    

935   944   5014 3.18     10.25 
0.690    

953   956  5648 4.72   

Limonene 10.3333 
0.700 

896 896   2564 3.50     10.3333 
0.700 

876 892  3612 4.70         - 10.3333 
0.680       

805 824   4483 1.46   

α-Terpinolene     11.8333 
0.690 

938   940 3220 2.00     11.8333 
0.700 

939   941 3987 2.22     11.8333 
0.710 

938   942 2756 1.90     11.8333 
0.670 

955 957   4265 2.01   

β-Pinene                                       9.5    
0.700 

912   912   4821 1.34     9.16667 
0.690 

957 960 5609 7.33     9.50       
0.710   

919 910 5000 1.64     9.25     
0.670 

927 931 3910 12.2   

Camphene 8.58333 
0.640 

963   966 5823 1.21     8.58333 
0.640 

963 966 5983 1.30     8.58333 
0.640 

958 961   5416 0.56     8.58333 
0.630 

962 965  5754 0.96   

α-Terpine    10.0833 
0.680 

882 889 2006 1.08         -     - 10.0833 
0.660   

888   895 2012 0.55   

β-cis-Ocimene     10.8333 
0.710 

929 929 3919 0.52    10.8333 
0.730 

896   896 2638 0.31     10.8333 
0.720 

892 892 2254 0.15     10.8333 
0.690 

902  902   2951 0.40   

α,p-Dimethylstyrene       11.8333 
0.870 

918 918 3568 0.23    11.8333 
0.850 

924 938   4153 0.38     11.8333 
0.880 

898   899 2482 0.30     11.8333 
0.820 

905  905 3910   0.27   

1S- α-Pinene     - 8.25 
0.680 

931 931 3856 9.48         -     - 

Moslene     - 10.0833 
0.680 

874  874 3737 1.00         -     - 

Diprene     -     - 10.5       
0.940 

810 810 1655 10.34       - 

Sabinane     -     - 8.25       
0.820 

893 893  2002 3.68         - 

D-Limonene         -     - 10.3333 
0.700 

878 878   3255 2.37         - 

α-Pinene     -     - 8.16667 968 968 5101 2.31     8.16667 939   939   3754 8.56   
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0.660       0.650 
Pinene hydrochloride       -     - 13.5833 

0.670   
928 936 7228 0.08     13.5833 

0.630     
898 903  5221 0.12   

3-Carene     -     - 14.8333 
0.710 

843 845 1442 0.04         - 

1R-α-Pinene       -     -     - 8.16667 
0.740   

959 959   4468 8.03   

Thuja-2,4(10)-diene     -     -     - 8.66667 
0.640 

827 827   3147   0.16   

                               (Sub-total 55.96٪)                                (Sub-total 42.98٪)                               (Sub-total 48.61٪)                              (Sub-total 53.29٪) 

Oxygenated monoterpene                          
1,8-Cineole     10.5  

0.830 
856   886  8092 16.84   10.5 

0.810 
864 891 8515 17.39   10.4167 

0.710 
909 909  9499 3.70    10.5 

0.760 
879 906 8578 5.78   

β-Terpinyl acetate 10.4167 
0.780 

899   901   4058 5.93     10.4167 
0.770 

893 897  4047 6.59         -     - 

p-Menth-1-en-8-ol    14.25 
0.910 

946   946 6693 4.08     14.25 
0.920 

948 948 6672 5.58     14.25     
0.930 

955 955 6806 3.82     14.25 
0.820 

947  947 6756 8.46   

3-Pinanone 13.9167 
0.750 

917 917 5957 2.18        - 13.9167 
0.740 

928   931 6769 1.71     13.9167 
0.710 

917  917 4760 1.22   

4-Terpineol   13.9167 
0.810 

886 886  5817 1.95     13.9167 
0.800 

901  901   6568 1.57    13.9167   
0.82 

919   919 6433 1.64     13.9167 
0.750 

838 849 5438 3.45   

Linalool   12.0833 
0.860 

896 896 7321 1.03     12,0833 
0.860 

898 898   7519 1.18     12.0833 
0.850 

899   899 7498 0.69     12.0833 
0.800  

890 890 7150 1.50   

Borneol     13.6667 
0.840 

920   920 3130 0.72     13.6667 
0.850 

944 944 3233 0.98     13.6667 
0.840   

934 934 3098 0.37     13.75 
0.790   

925 925 3076 1.12   

exo-Fenchol 12.4167 
0.810 

915 915   5904 0.29     12.4167 
0.800 

932 932   5858 0.69     12.4167 
0.800 

937   937   6307 0.20     12.5 
0.760    

923 923 5327 0.46   

L-Pinocarveol 13.0833 
0.830 

854 854   8669 0.29         -     -     - 

Myrtenol   14.4167 
0.900 

862 862   7201 0.23         -     -      

Pinocarvone 13.5833 
0.760 

819 820 7097 0.19         -     - 13.6667 
0.710 

808   810 5052 0.36   

Myrtenal 14.4167 
0.780 

932   932   8994 0.17         - 14.4167 
0.790 

876   876   7771 0.04     14,4167 
0.720       

921 921   9000 0.19   

cis-Sabinol     -     - 14.5 
0.960    

865 865 3826 0.31         - 

(-)-Myrtenyl acetate       -     - 17.1667 
0.730       

888 888   6532 0.10         - 

Pinocarveol       -     -     - 13.0833 816   817 4217 0.09   
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0.790 
                                (Sub-total 33.90٪)                                (Sub-total 33.98٪)                               (Sub-total 12.58٪)                              (Sub-total 22.63٪) 
 

 

 

Sesquiterpene hydrocarbon 

                    

α-Humulene       19.8333 
0.690 

943 943   8066 1.35     19.8333 
0.680 

940 940 7820 1.05     19.8333 
0.670   

935 935 7443 0.26     19.9167 
0.600 

945   945 7860 1.44   

δ-Cadinene      21.25 
0.670 

882 891 4419 0.80     21.25     
0.670 

869   875   4498 0.46         - 21.25   
0.580 

879   885 5071 0.12   

Caryophyllene 19.1667 
0.680 

891 891 1813 0.76         -     -     - 

α-Muurolene       20.3333 
0.670 

887   890   2150 0.72     20.3333 
0.670 

878 881 2190 0.24         - 20.4167 
0.580     

879 882   4412 0.16   

α- Gurjunene 18.75    
0.650 

883 895 2145 0.67         -     -      

α-Bergamotene 19.4167 
0.670 

908 915  2630 0.41     19.4167 
0.670 

918 923 3162 0.35         - 19.5     
0.590   

925 930 3271 0.46   

γ- Muurolene   21.0833 
0.680 

881 885 2517 0.39     21.0833 
0.680 

875 879 2521 0.13         -     - 

γ-Gurjunene 20.6667 
0.670 

886   893 1374 0.29     20.6667 
0.670 

891 896 1945 0.15         -     - 

Calamenene 21.25    
0.700 

846   847   5523 0.28         -     -     - 

trans-α-Bergamotene 20.9167 
0.690 

822   845  1777 0.27         -     -     - 

α-Cubebene 18.25    
0.660 

872 876  3643 0.22         -     -     - 

epi-β-Santalene    19.6667 
0.670 

867 870  3071 0.20     19.6667 
0.670 

913 913 6424 0.14     19.6667 
0.660     

  
906   

906  5030 0.05     19.75   
0.580     

922 922   6667 0.20   

α-Calacorene 21.5833 
0.720 

815 886 5478 0.13         -     -     - 

α-Santalene        - 19.1667 
0.670 

883 887 3562 0.59     19.1667 
0.670 

921 925  5613 0.28     19.1667 
0.590   

938   942   7830 0.55   

α-Selinene     - 20.5       
0.680 

898  906 1781 0.18         -     - 

Copaene     - 18.25     
0.650 

894 895 5825 0.16     18.25      
0.650     

876 877 5012 0.04     18.3333 
0.580     

883 884   5999 0.21   

(Z,E)-α-Santalene         -     - 19.4167 
0.670   

916 929 7579 0.20         - 

β-Bisabolene         -     - 20.9167 
0.690     

848 848 2817 0.13         - 

β-Santalene        -     - 20 
0.660 

912   912  4975 0.04         - 

Cyperene        -     -     - 18.8333 868 874  2065   0.11   
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0.560     
Germacrene D       -     -     - 21.0833 

0.590 
864 893 2261 0.07   

                                  (Sub-total 6.49٪)                               (Sub-total 3.45٪)                              (Sub-total 1.00٪)                                (Sub-total 3.32٪) 

Oxygenated sesquiterpene                     
(±)-trans-Nerolidol 21.9167 

0.800 
917   917 4964 0.22     21.9167 

0.820 
932   932   5064 0.59         -     - 

Humulene oxide 22.9167 ׀׀ 
0.740 

823 841 2891 0.10     22.9167 
0.740 

820  826  3607 0.11         -     - 

Guaiol            -     - 22.6667 
0.770    

875 877   4184 0.10     22.75 
0.660 

856 859   3049 0.08   

Nerolidol     -     - 21.9167 
0.800 

911 922 6255 0.04     22    
0.700    

912 919 5621 0.31   

                                  (Sub-total 0.32٪)                                  (Sub-total 0.70٪)                                (Sub-total 0.14 ٪)                                (Sub-total 0.39٪)    
Non-terpenic compound                     
1,13-Tetradecadiene 27.1667 

0.810 
944 951 2487 0.09        -     -     - 

3,5-Dimethyloctane 11     
0.690 

855 903 2437 0.04     11          
0.680 

870 913 2306   0.13     11          
0.680 

838   907 2344 0.04     11    
0.660    

851  899   2508 0.13   

Decamethylcyclopentasiloxane     - 13.25      
0.850 

802 802   8895 0.16     13.25      
0.870 

810  810   9272 0.04         - 

Hexadecane     - 16.0833 
0.690 

878   883 2365 0.05     16.0833  
0.690 

875   880 2970 0.02         - 

(Z)-3-Hexenol     -     - 6.66667 
1.080 

924 924 4315 0.22         - 

2-Hexenal     -     - 6.66667 
0.940 

939   939 7381 0.06         - 

Undecane     -     - 12.0833 
0.680 

859   859 2071 0.01         - 

                                 (Sub-total 0.13٪)                                  (Sub-total 0.34٪)                                 (Sub-total 0.39٪)                                (Sub-total 0.13٪)    
Total                                                   96.80٪                                                  81.45٪                                                 62.72٪                                                  79.76٪  

R.t.
1, retention time in the first dimension (min). 

R.t.
2,  retention time in the second dimension (min). 

S = similarity, R = reverse, P = probability.   
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Conclusion 
In comparison, the leaves of Etlingera sphaerocephala var. grandiflora yielded more oil percentage than others. 
The major compounds in each of the four oils of E. sphaerocephala var. grandiflora noticeably differed. These oils 
were rich in monoterpenes compared to the oils of E. cevuga, E. elatior and E. punicea.  

 

Acknowledgement 

Thanks are due to the Center for Research and Innovation Management, Universiti Kebangsaan Malaysia for 
recording necessary data using the GCXGC-TOFMS instrument. We are also wish to thank the Ministry of Higher 
Education Malaysia and the Universiti Kebangsaan Malaysia for financial support through the Fundamental 
Research Grant Scheme UKM-ST-06-FRGS0110-2009. 

 
References 

1. Turner, I.M. (1995). A catalogue of the vascular plants of Malaya. Gardens’ Bulletin Singapore. 47(2): 642-655. 
2. Lim, C.K. (2001). Taxonomic notes on Etlingera Giseke (Zingiberaceae) in Peninsular Malaysia: the “Achasma” taxa and 

supplementary notes on the “Nicolaia” taxa. Folia Malaysian. 2(3): 141-178, 209-210.                           
3. Khaw, S.H. (2001). The genus Etlingera (Zingiberaceae) in Peninsular Malaysia including a new species. Gardens’ Bulletin 

Singapore. 53: 191- 239.               
4. Holttum, R.E. (1950). The Zingiberance of the Malay Peninsula. Gardens’ Bulletin Singapore. 13(1): 1-249. 
5. Smith, R.M. (1986). New combinations in Etlingera Gisek (Zingiberaceae). Notes Royal Botanic Garden Edinburgh. 43: 

243-254. 
6. Poulsen, A.D. (2006).  Etlingera of Borneo. Natural History Publications (Borneo). Kota Kinabalu 
7. Lechat-Vahirua, I., Francois, P., Menut, C., Lamaty, G., Bessiere, J.M. (1993). Aromatic plants of French Polynesia. I. 

Constituents of three Zingiberaceae: Zingiber zerumbet Smith, Hedychium coronarium Koeing and Etlingera cevuga Smith. 
Journal of Essential Oil Research. 5: 55-59. 

8. Zoghbi, M.D.G.B., Andrade, E.H.A. (2005). Volatiles of Etlingera elatior (Jack) R.M.Sm. and Zingiber spectabile Griff.: 
two Zingiberaceae cultivated in the Amazon. Journal of Essential Oil Research. 17: 209-211. 

9. Faridahanim Mohd Jaafar, Che Puteh Osman, Nor Hadiani Ismail, Khalijah Awang (2007). Analysis of essential oils of 
leaves, stems, flowers and rhizomes of Etlingera elatior (Jack) R. M. Smith. Malaysian Journal of Analytical Sciences. 11: 
269-273. 

10. Tadtong, S., Wannakhot, P., Poolsawat, w., Athikomkulchai, S., Ruangrungsi, N. 2009. Antimicrobial activities of essential 
oil from Etlingera puniceae rhizome. J Health Res. 23(2): 77-79. 

 

 

 



The Malaysian Journal of Analytical Sciences, Vol 14 No1 (2010): 41 - 49 

 

41 

 

EFFECT OF HTAB CONCENTRATION ON THE SYNTHESIS OF 
NANOSTRUCTURED TiO2 TOWARDS ITS CATALYTIC ACTIVITIES 

 
(Kesan Kepekatan HTAB Terhadap Sintesis TiO2 Nanostruktur Ke Atas Aktiviti 

Pemangkinannya)  
 

Ruslimie C. A, Mohd Hasmizam Razali* and Wan M. Khairul 

 
Department of Chemical Sciences, Faculty of Science and Technology, 

Universiti Malaysia Terengganu, 21030, Kuala Terengganu, 
Terengganu, Malaysia 

 
*Corresponding author: mdhasmizam@umt.edu.my 

 
Abstract 

Titanium dioxide, TiO2 photocatalyst was synthesised by microemulsion method under controlled hydrolysis of titanium 
butoxide, Ti(O(CH2)3)CH3 in Hexadecyl Trimethyl Ammonium Bromide, HTAB. The effect of various concentrations of 
surfactant in the range between 0.01-1.0 M were focused on by investigating their morphology, crystallite size, crystalline 
phase and specific surface area. After observation on their degradation performance, 0.5 M concentration of HTAB presented 
as a optimum concentration to synthesis TiO2 photocatalyst. These results also supported by XRD spectra which are 
exhibited size of photocatalyst in the range within 50-150 nm. As a result, the catalytic properties of the synthesised TiO2 
nanostructure was performed by exhibiting good behaviour in photocatalytically degraded atrazine, 2-chloro-4-(ethylamino)-
6 (isopropylamino)-S-triazine to unharmful compounds in the environment. 
 
Keywords: TiO2, microemulsion, photodegradation, atrazine. 

 
Abstrak 

Fotopemangkin, titanium dioksida, TiO2 telah disintesis melalui kaedah mikroemulsi di bawah kawalan hidrolisis titanium 
butoksida, Ti(O(CH2)3)CH3 di dalam Heksadesil Trimetil Ammonium Bromida, HTAB. Kesan kepelbagaian kepekatan 
surfaktan dalam julat 0.01-1.0 M telah difokuskan di dalam kajian terhadap morfologi, saiz hablur, fasa kehablurannya dan 
luas permukaan spesifik. Selepas pemerhatian dan perbandingan dijalankan terhadap prestasi degradasinya, kepekatan 0.5 M 
HTAB telah menunjukkan kepekatan optimum untuk mesintesis fotopemangkin TiO2. Keputusan ini juga telah disokong oleh 
spektra XRD yang mana telah mempamerkan saiz fotopemangkin adalah di dalam julat di antara 50-150 nm. Hasilnya, ciri-
ciri mangkin TiO2 nanostruktur yang telah disintesis menunjukkan sifat yang baik sebagai fotopemangkin bagi menguraikan 
atrazina, 2-kloro-4-(etilamino)-(isopropilamino)-S-triazina kepada sebatian-sebatian yang tidak berbahaya di dalam alam 
sekitar. 
 
Kata kunci: TiO2, mikroemulsi, fotopemangkinan, atrazina. 

 
Introduction 

Titanium dioxide, TiO2 photocatalyst has attracted great attention as a promising photocatalyst for 
photocatalytically degrade organic pollutant in the environment [1]. TiO2 nanostructure is considered to be one 
of the promising materials due to its ideal physical and chemical properties such as environmental friendly, low 
cost, high oxidizing ability, long term stability and also exhibit high photocatalystic activity [2, 3]. However, 
their physical, chemical and photocatalytic activities are known to depend on its preparation methods such as by 
changing their calcinations temperature, time aging and pH of solution which may give affect on its performance 
[4, 5]. 
 
There are numerous methods known to synthesise TiO2 including microemulsion which is believed to be very 
promising method to obtain nanosized TiO2 particle with less agglomeration and flocculation. In addition, the 
surfactant in microemulsion will act as stabilized micro cavities to provide a cage-like effect that limits particle 
nucleation, growth and agglomeration [6]. However, the optimum concentration of surfactant in the 
microemulsion has become an argument among researchers because apparently it depends on the type of 
surfactant and preparation method that are used during synthesis process. The main objective of the study is to 
investigate the effect of various surfactant concentrations in synthesise TiO2 towards degradation performance. 
The optimal surfactant concentration will promise great properties of TiO2 nanoparticles and may have better 
capacity to degrade 2-chloro-4-(ethylamino)-6 (isopropylamino)-S-triazine or widely known as atrazine to 
unharmful compounds in the environment. 
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Experimental 

Instruments 

The physical properties of the synthesised TiO2 were characterized by Scanning Electron Microscopy, SEM 
(JEOL JSM-6360 LA). The specific surface area of TiO2 particles (BET method), specific pore volume and 
average pore diameter (BJH method) of the samples were determined by using nitrogen adsorption-desorption 
isotherms using Quantachrome Autosorb Automated Gas Sorption. Meanwhile, the particles size of the TiO2 
powders was determined by X-Ray Diffraction, XRD (Rigaku, Miniflex II Desktop X-Ray Diffractometer). 
 
Reagents 

The reagents used were Hexadecyl Trimethyl Ammonium Bromide, HTAB (Sigma - Aldrich), titanium butoxide 
(purity 97%, Sigma-Aldrich), cyclohexane (Hamburg Chemical), NaCl (Merck Schuchartdt) and ammonium 
hydroxide, NH4OH (Mallinckrodt). In addition, for catalytic studies, the selected pesticide namely Atrazine 
(Sigma-Aldrich) was used as standard. All of these chemicals were used as received without further purification.  
 
General procedures 

TiO2 nanoparticles were prepared according to 6:3:1 proportion as proposed and carried out in previous studies 
[7]. Microemulsion A and B consist 60 ml cyclohexane (Hamburg Chemical) as oil phase and 30 ml 
Hexatrimethyl Ammonium Bromide, HTAB (Sigma - Aldrich) as surfactant by varying their concentration 0.01, 
0.05, 0.1, 0.5 and 1.0 M. As starting material, 10 ml of titanium (IV) butoxide, Ti(O(CH2)3)CH3  (purity 97%, 
Sigma-Aldrich) was added in microemulsion A, meanwhile ammonium hydroxide solution, NH4OH 
(Mallinckrodt) 2 M as reducing agent in reagent B. After 30 min of stirring separately, both microemulsion were 
mixed in a beaker (100 ml) and followed by vibrated homogeneously in ultrasonicator (JAC Ultrasonic Cleaner, 
JAC 2010, 240~/50Hz/30 A) for 1 hour. This step was carried out to prevent agglomeration of TiO2 pigment in 
water. 
 
Then, 10 ml of 5 M solution of sodium chloride, NaCl (Merck Schuchartdt) was added to microemulsion, 
followed by continuously vibrated in ultrasonicator for another 1 hour to ensure the mixture was completely 
mixed. The microemulsion, was then washed with 30 ml acetone before the product was annealed (Nabertherm, 
HTC 08/16, 400 V, 50/60 Hz) at 600º C for 4 hours. Next, the powders obtained were washed with 100 ml 
distilled water to remove the remaining NaCl, followed by dried in an oven at ca. 90°C for 12 hours to remove 
any excess water.   
 
Photocatalytic activity 

The photocatalytic degradation of atrazine was performed by using 100 ml aqueous solution of atrazine (5 mg/l) 
(Sigma-Aldrich) and 0.1 g of synthesised TiO2 catalyst. The degradation mixture were stirred magnetically and 
irradiated by UV-light (302 nm, 230 V~50 Hz) for 1 hour to ensure their optimum thermodynamic stability. 
Every 5 ml of the aqueous suspension was collected at each 30 minutes interval during the irradiation and then 
was filtered on 0.10 µm Milipore syringe filter (Whatman) to remove the catalyst. The samples were exposed for 
4 hours under UV-light and analyzed by using UV-Vis spectrophotometer (UV-1601 PC, UV-Visible 
Spectrophotometer Shidmadzu) for the percentages of degradation determination. 

 
Results and discussion 

Morphological study 

Figure 1 A to F indicate the SEM images of the TiO2 powders prepared by microemulsion method at various 
HTAB concentration. From the observation of Figure 1 A to D, the particle are slowly become less 
agglomerates. Sample A was carried out without HTAB as a comparison with others to show the significant of 
surfactant existence in the synthesis process. Figure 1 A shows the effect of microemulsion without existence of 
surfactant. It can be observed that without existence of surfactant in microemulsion, there are no covers by 
surfactant on the surface to hydrolyze the products and hence, no nanosize TiO2 can be obtained [8]. It is 
obviously noted that the ultrafine and nanosized particles cannot be achieved in the synthesis process without the 
present of surfactant. 
  
However, at concentration of 0.5 M, the shape of TiO2 particles becomes less agglomerates and uniformly shape. 
These observations are exposed to different water compositions in microemulsion which has played important 
roles. Therefore, according to Mohapatra et al., 2006, at low HTAB concentration, the size of particles is 
increased. This might be due to the increasing size of water droplet which is produced by hydrolysis in the w/o 
microemulsion’s water pool [9]. The high particles size of TiO2 has caused by the increasing agglomeration 
process. The high agglomeration of particles is shown in Figure 1 A-D. However, one can observe that, their 
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agglomeration becomes gradually decrease with the decreasing of water content until it has reached the optimal 
concentration of HTAB which is 0.5 M. 
 
Meanwhile, when HTAB concentration is more than 0.5 M, the particles become agglomerate again. Except for 
TiO2 synthesised by 1.0 M of HTAB which has shown elongated structure compared to the other concentrations. 
This might be due to the viscosity of microemulsion has increased due to the high content of surfactant in 
microemulsion during synthetic steps. Hence, this condition caused the particles movement become difficult due 
to bridging of the surfactant and it was lead to the increasing of surface tension and particles size [10]. Therefore, 
the dispersion of powder in microemulsion is incompletely distributed and need to be improved under optimum 
concentration of HTAB, thus the ultrafine particles would be achieved. 
 
 
 

 

 

 
 

Figure 1: Morphological images effect of HTAB at (A) without HTAB, (B) 0.01, (C) 0.05, (D) 0.1, (E) 0.5  
                   and (F) 1.0 M concentration. 
 
 
Crystal structure study 

Figure 2 indicates X-ray diffraction pattern of TiO2 obtained from various HTAB concentrations. The XRD 
pattern revealed the effect of surfactant concentration on the phase change of TiO2 nanoparticles. It is clearly 
shown that diffraction peaks from concentration 0.01 to 0.5 M gradually transform to anatase phase completely. 
The change in the width of these diffraction peaks is related to the variation changes of crystallite size of the 

(A) 

(B) 

(C) 

(D)

(E)

(F)
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obtained powders. The major phase of all prepared particles is an anatase structure was observed at concentration 
0.5 M HTAB. However, at concentration 1.0 M, the X-ray diffraction peak of the obtained TiO2 powders 
becomes broader which is apparently revealing the particles size of TiO2 to become increase again due to 
unsuitable and unideal concentration during synthesis process. The increase of the TiO2 particle size might be 
due to agglomeration on their surface. This X-ray diffraction spectra data are comparable to SEM morphological 
image which has proved that the optimal surfactant concentration is crucial in order to synthesis TiO2 at nanosize 
condition. Meanwhile, for synthesis TiO2 without using HTAB surfactant (0.0 M) exhibits undesired peak was 
appear at angle 2Ө =22 degree corresponding to the high agglomeration due to without ultrafine synthesis 
medium.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2:   XRD spectra of TiO2 nanoparticles synthesised at different HTAB concentration and were calcined  
 at 500° C for 4 hours. (A: anatase, B: brookite). 

 

 

Basically, the average particles size of TiO2 is calculated by using Scherer’s equation on each the highest 
intensity diffraction peaks by following equation: 
 

                                                         …………………………….   Equation 1 
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Since D in the crystal size of the catalyst, λ the X-ray wavelength (1.54Å), β the full width half maximum, 
(FWHM) of the highest intensity diffraction peak, K is a coefficient (0.94 nm) and Ө is the diffraction angle. An 
average particles size of around 40-140 nm was obtained for nanoparticles. Based on these results, 0.5 M 
concentration of HTAB surfactant was successfully synthesised in the smallest particles size. It might be due to 
X-ray diffraction peaks intensities of obtained TiO2 which was increased and the Full Width Half Maximum, 
FWHM peak at 2Ө=25.3° became narrower with decreasing the composition of water ratio [11]. The peak at 
2Ө=25.3° was chosen as a standard peak due to their well crystallite peak for TiO2 appeared. In addition, Figure 
3 clearly shows the effect of HTAB concentration on particles size of TiO2. This indicates the optimum value of 
HTAB concentration will determine the smallest size of particles. Hence, the best of particles size will be 
enhancing their percentage of degradation. Besides, physical properties of TiO2 can be improved by varying their 
several parameters as well such as stirring time and pH of microemulsion in order to improve the performance of 
degradation process.  
 
 

 
 

Figure 3: Variation in particles size of TiO2 powders prepared  at different surfactant concentration and 
                were calcined at 500° C for hours. 

 
 
Surface area and pore volume analysis 

Surface area and pore volume are crucial aspect in term of photocatalytic studies. Table 1 summarises the 
crystallite size, surface area and pore diameter of TiO2 photocatalyst when synthesised by varying their 
surfactant concentrations. The specific surface area slightly increases from 15.22 to 76.66 m2/g as the 
concentration of HTAB surfactant is increased from 0.01 M to 0.5 M. Nevertheless, the specific surface area of 
synthesised TiO2 is decreased with HTAB concentration at 1.0 M. The TiO2 prepared at 0.5 M concentration of 
HTAB and calcined at 500ºC for 4 hours exhibits the highest specific area of 76.66m2/g.  
 
Generally, the specific surface area depends on the size and shape of the particles. Somehow, the different of 
surface area which observed is owing to the agglomeration of the particles even though their particle shape and 
size is similar [12]. Hence, according to Lu et al., 2008, by the increasing the particle size, apparently it will 
decrease the surface area [13]. In addition, the pore diameter of TiO2 synthesised without HTAB surfactant was 
show the lowest specific surface area, which is 15.22 m2/g. This resulted occurs due to absence of HTAB in the 
microemulsion during synthetic process. The presence of optimum concentration of HTAB not only controls the 
particles size and shape, but also increase the porosity of the materials [14]. 
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Table 1: The profiles of the particles synthesised by varying their surfactant concentration in microemulsion  
and calcined at 500° C for 4 hours. 

 

HTAB 

concentration (M) 

Crystallite size 

(nm)* 

BET surface area 

(m2/g) 

BJH adsorption-

desorption pore 

surface area 

(m
2
/g) 

Crystallite phase 

0.0 150.6 15.22 20.11 Anatase, brookite 

0.01 139.5 20.75 36.91 Anatase, brookite 

0.05 115.9 22.33 47.92 Anatase, brookite 

0.1 95.1 57.53 62.77 Anatase, brokite 

0.5 49.9 76.66 80.25 Anatase 

1.0 90.8 41.76 38.47 Anatase 

 
*Calculated by using Scherer equation. 

 
 
While, the pore surface area of all synthesised TiO2 was determined by using Barret-Joyner-Halenda (BJH) 
adsorption-desorption method. The addition of HTAB surfactant has resulted the pore surface area to increase of 
which is within 20 to 80 m2/g. However, at the concentration of 1.0 M HTAB, the pore surface area drastically 
decrease to 38.5 m2/g. The decreasing of pore surface area is due to less pores formed in the catalyst surface. 
This phenomenon was attributed to the restricting effect of the microemulsion due to over loaded amount of 
HTAB surfactant to control their excess growth. Thus, the growth speed and synergistic control of TiO2 growth 
during synthetic process were inhibited and growth rate decreased accordingly [15]. Hence, the inhibition and 
restriction has caused the decreasing of surface area and pore surfacea area. 
 
Photocatalytic study 

The catalytic activity of catalysts which are synthesised by various surfactant concentrations in order to 
investigate their catalytic behaviour  towards  atrazine. Figure 4 shows the percentage of atrazine’s degradation 
when exposed for 4 hours under UV irradiation. Photodegradation of atrazine by using TiO2 synthesised without 
HTAB was only able to degrade at 27%. This degradation is lower compared to the others which may due to 
their specific surface area. The limit of specific surface area will act as adsorption surface to reduce molecular 
oxygen on the Ti (III) sites to the superoxide radical anion. The surface to bulk ratio for a nanoparticles material 
is much greater than for material with larger grains, which yields large interface interaction between the solid 
and gaseous or liquid medium [16]. 
 
The enhancement of photodegradation activity is  improved in the presence of HTAB. According to Lu et al., 
2009, HTAB not only helps in the spherical particle formation but it is also increases the surface area and visible 
light absorption [17]. Therefore, it should be an effective photocatalyst in the presence of HTAB and the 
optimum concentration of HTAB will enhance the performance of photodegradation activity. 
 
In this study, obviously the percentages of photodegradation were increasing by the decreasingly degree of 
agglomeration. Somehow, high degree of agglomeration will affect the catalyst’s surface area which mean will 
resulted low performance of degradation. Hence, the percentages of photodegradation in the presence of the 
synthesised TiO2 catalyst by 0.01, 0.05, 0.1 and 0.5 M of HTAB increased gradually from 35, 39, 44 and 60 %. 
These findings are supported by SEM observations, which show the agglomeration of TiO2 catalyst’s surface 
slowly decreased by the increasing amount of surfactant in the microemulsion. Furthermore, phase content that 
clearly observed from XRD pattern plays vital important role in enhancing the rate of photodegradation [18]. 
Thus, at 0.01, 0.05 and 0.1 M concentration of HTAB, the broader, less crystalline and less intensity peaks are 
observed compared to the XRD spectrum which obtained from 0.5 M concentration of HTAB. According to 
these results, the highly diffract peaks may be attributed to agglomeration process. Meanwhile, the well-
crystallite pattern as represented by 0.5 M of HTAB is corresponding to the anatase phase crystalline structure of 
these aggregated particles. Whilst, the existence of broader and so-called noise peaks are believed to be 
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attributed as brookite phase. The mixture of phase content is influenced by the percentages of degradation which 
also to the respect of impurities presence in the sample.  
 
 

 
 

Figure 4: Effect of surfactant concentration towards percentages of photodegradation of atrazine by irradiated  
                with UV for 4 hours. 
 
 
Among all surfactant concentrations, 0.5 M surfactant shows the best photocatalytic activity by degrading 60 % 
of atrazine. Physical and chemical properties of all synthesised TiO2 determined by SEM and XRD results 
proved that 0.5 M of HTAB has produced the aggregation of nanoparticles. The samples obtained at this 
concentration are all in the uniformly shape with the size particle in the average of 49.9 nm. This might be 
attributed to the narrower peaks, high crystalline and high intensity compared to the other peaks of other 
concentrations. The narrower peaks will produce high value of Full Width Half Maximum, FWHM value. 
Hence, by increasing the FWHM value the particles size will be decreased as suggested by Scherrer equation. In 
fact, less aggregation on surface of TiO2 photocatalyst has caused the high specific surface area [19]. Hence, the 
interaction during photoreaction has taken place at maximum activity.  

In addition, anatase crystallinity phase exhibits to produce high performance of degradation [20]. In addition, 
according to BET specific surface area has shows the surface area synthesised with 0.5 M of HTAB has the 
highest surface area compared with others. High surface area will enhancing the photodegradation process due to 
large surface area provided more area to react with atrazine and as well to produce hydroxyl radicals and 
superoxide radicals anions. Therefore, it can be assumed that the optimum concentration of surfactant in 
microemulsion leads to the formation of anatase phases. The nanoparticles in different phase formation observed 
as anatase phase is more stable at nanosized which resulted a higher photocatalytic activity compared to the 
bookite and rutile phase [21][22]. 

However, based on photodegradation result, it can be summarised that too high loading of surfactant in 
microemulsion will inhibit the formation of the desired nanoparticles. This is related to different size of water 
droplet in microemulsion with various concentration of HTAB [23]. In this report, 1.0 M HTAB is proven to 
contain an excessive amount of HTAB which prevent the formation of the ideally uniform shape. The 
observation was strongly agreed by SEM micrographs images, BET specific surface area and XRD spectrum 
result which show the degree of agglomeration of TiO2 powders depends on the concentration of the aqueous 
solution. Thus, the most appropriate surfactant concentration in order to obtain spherical nanoparticles 
photocatalyst is 0.5 M HTAB.    
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Conclusion 

TiO2 nanoparticles with optimum surfactant concentration were successfully prepared via microemulsion 
method. This investigation concludes that agglomeration of TiO2 nanosized can be reduced by adding surfactant. 
However, the optimisation of surfactant concentration is essential for obtaining minimum TiO2 particle sizes. 
The increase of surfactant concentration significantly decreased the particles size of the prepared TiO2 by 
preventing agglomeration. The optimum concentration of surfactant needed is 0.5 M for synthesised TiO2, which 
yield the size of the particles is 49.9 nm.  As a result, photocatalytic activity of synthesised TiO2 by optimum 
surfactant concentration was successfully 60 % degraded atrazine.  
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Abstrak 

Hidrolisis klorpirifos (O,O-diethyl-O-3,5,6-trichloro-2-pyridyl phosphorothionate) telah dikaji dalam media akues pada suhu dan 
keadaan pH yang berbeza.  Pemalar kadar dan jangka hayat separa yang diperolehi menunjukkan bahawa klorpirifos lebih stabil 
dalam keadaan berasid.  Kadar degradasi meningkat apabila nilai pH bertambah.  Suhu juga mempengaruhi kadar hidrolisis.  
Hidrolisis klorpirifos dalam air mematuhi tindak balas tertib pertama.  Jangka hayat separa klorpirifos dalam larutan akues 
adalah pendek (di antara 4.57 hingga 14.0 hari), dan ianya bergantung pada kepekatan asal klorpirifos dan jenis larutan akues.  
Kadar degradasi adalah perlahan dalam larutan 0.02M CaCl2 dengan kepekatan asal klorpirifos yang tinggi. Perbandingan antara 
kadar hidrolisis dalam laruatan air steril dan tidak steril tidak menunjukkan peranan biodegradasi yang ketara dalam air tidak 
disteril.  Keputusan ini menunjukkan bahawa parameter pH sahaja tidak mencukupi untuk menjangkakan kadar hidrolisis 
klorpirifos.  
 
Katakunci: Klorpirifos, hidrolisis, pestisid organofosforus  

 
Abstract 

The hydrolysis of chlorpyrifos (O,O-diethyl-O-3,5,6-trichloro-2-pyridyl phosphorothionate) was investigated in buffered 
aqueous media at different temperature and pH conditions.  Rate constants and half-life studies revealed that chlorpyrifos was 
relatively stable in acidic medium.  The rate of degradation increased as the pH increased.  Temperature showed a significant 
effect on the rate of hydrolysis.  The hydrolysis of chlorpyrifos in water follows first-order kinetics.  The half-life of chlorpyrifos 
in aqueous solutions was short (half-lives ranged from 4.57 to 14.0 days), depending on the initial concentration of chlorpyrifos 
and the type of the aqueous solutions.  The rate of degradation was slower in the 0.02M CaCl2 solution containing higher initial 
concentration of chlorpyrifos.  Comparison between hydrolysis rate of chlorpyrifos in sterilized and non-sterilized water did not 
showed significant contribution of biodegradation component.  These results indicate that pH alone cannot be used as a single 
parameter to predict hydrolysis of chlorpyrifos.           
 
Keywords: Chlorpyrifos, hydrolysis, organophosphorus pesticide 

 
Introduction 

Chlorpyrifos (O,O-diethyl-O-3,5,6-trichloro-2-pyridyl phosphorothionate) (Figure 1) is a broad-spectrum 
insecticide whose mode of activity is as a cholinesterase inhibitor.  It is used to kill a wide variety of insects 
including cutworms, corn rootworms, cockroaches, grubs, flea beetles, flies, termites, fire ants, and lice by 
disrupting their nervous system.  It is also used as a soil treatment (pre-plant and at planting), as a seed treatment 
and as a foliar spray, directed spray and dormant spray.  Chlorpyrifos degradation is governed by both abiotic (e.g.: 
hydrolysis, photolysis) and biotic factors (e.g.: microbial degradation).   After release in the aquatic compartment, 
degradation via hydrolysis is among the main transformation pathways for chlorpyrifos.  Hydrolysis may occur at 
several reactive centres in the pesticide molecule, in the presence of OH- or H2O acting as nucleophilic reagents [1].  
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The degradation pathway of chlorpyrifos in aquatic environments involves the breakdown of the thiophosphoric 
esters, forming 3,5,6-trichloropyridinol (TCP) and desethyl chlorpyrifos (DEC) as main metabolites. 
 
The hydrolysis rate of chlorpyrifos in aquatic environments is influenced by environmental factors such as pH, 
temperature and other solution constituents.  Reported hydrolysis half-lives (ranged from 18.9 to 120d) showed 
more rapid hydrolysis under alkaline conditions compared to neutral or acidic conditions [2].  The rate of hydrolysis 
was reported to increase an average of 3.5-fold and 5-fold for each 10oC rise in temperature by Meikle and 
Youngson in 1978 [3] and Noblet [4], respectively.  The aqueous hydrolysis of chlorpyrifos may be catalyzed by 
dissolved copper ions [5] and free chlorine [3,6].   
 
Surface water and groundwater quality may be affected by the widespread use of pesticides in the agricultural areas.  
As a widely used organophosphorus insecticide in Malaysia, there is a need to evaluate the fate of chlorpyrifos in 
the environment to which it may be applied.  Most of the hydrolysis study of chlorpyrifos has been carried out in 
temperate zone, but there is still limited information on the fate and behaviour of chlorpyrifos in the tropical 
environment.  The objective of this study was to investigate the hydrolysis of chlorpyrifos in aqueous media at 
different pH and temperatures. 
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Figure 1: Structure of chlorpyrifos 
 
 
 

Experimental 

Chlorpyrifos standard (>99.5% purity) were purchased from Sigma-Aldrich (Brand Riedel-de Haën).  Stock 
solution was prepared by dissolving chlorpyrifos in acetonitrile.  The effect of pH on the hydrolysis of chlorpyrifos 
was investigated using three triplicate sets of distilled water (50mL) fortified with  1.45mgL-1 chlorpyrifos in tightly 
stoppered flasks.  The pH of the samples was buffered at 4.0, 7.0 and 10.0.  The initial concentration (Co) was 
measured immediately after sample preparation was completed.  The samples were kept in constant temperature 
bath at 29+1oC.  5mL of samples were drawn, extracted three times with n-Hexane (10mL, 5mL and 5mL, 
respectively) and analyzed daily by using ThermoFinnigan GC fitted with ATTM-1 Capillary Column (0.25µm x 
0.25mm x 30m Alltech) and a Nitrogen Phosphorus Detector (NPD).   The column temperature was programmed 
from 125 to 230oC at rate of 30oC/min, held at 230oC for 6 min, the detector and injector temperatures were 300 and 
200oC, respectively.  The effect of temperature on hydrolysis of chlorpyrifos was also investigated using another set 
of samples (1.45mgL-1 chlorpyrifos) buffered at pH 7.0 and incubated in thermostated water baths maintained at 20, 
30 and 40+1oC.  The concentrations of chlorpyrifos in the aqueous solution were then monitored daily as above.  
Hydrolysis of chlorpyrifos (initial concentration = 0.50, 1.00 and 1.80 mgL-1) in 0.02M CaCl2 was also investigated 
at room temperature (29+1oC).   
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Results and discussion 

Chemical hydrolysis of chlorpyrifos at 29+1oC was investigated using buffered solutions at pH values 4, 7 and 10.  
All plots of the logarithm of the normalized concentration as a function of the reaction time (Figure 2) gives straight 
lines, indicating the reaction tends to be a pseudo-first-order reaction.  The rate constants and half-lives (Table 1) 
indicate the relative fast degradation of chlorpyrifos in aqueous solution.  The stability of chlorpyrifos decreased as 
the pH increased.  The effect of temperature on rates of hydrolysis was also significant (Table 1, Figure 3). The 
half-life of chlorpyrifos in distilled water at pH 7.0 was 12.3 and 8.12 days at 16 and 40oC, respectively.   
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Figure 2: Hydrolysis kinetics of chlorpyrifos at various pH values at room temperature (29oC). 

 
 
 

Table 1: Kinetic data for the hydrolysis of chlorpyrifos at various pH values and temperature. 
 

 pH Temperature 
(oC) k (d-1) t 1/2 (d) R2 

This study 

Buffer pH 4 29+1 0.05 14.0 0.97 

Buffer pH 7 
16+1 0.06 12.3 0.92 
29+1 0.06 11.3 0.91 
40+1 0.09 8.12 0.92 

Buffer pH 10 29+1 0.15 4.57 0.82
Buffer pH 7 (RO water) 29+1 0.06 11.9 0.94

Wu [3] 
Milli-Q water (Ci = 0.257µmolL-1) pH 

6.50 23+2 0.01 56.8 - 
Milli-Q water (Ci = 1.283µmolL-1) pH 

6.50 23+2 4.4x10-3 158 - 
Noblet [4] Buffer pH 8 (sterilized) 40 0.06 11.2 - 

Dow AgroSciences LLC [7] 
Buffer pH 4.7 25 - 63 - 
Buffer pH 6.9 25 - 35 - 
Buffer pH 8.1 25 - 23 - 

Liu et al. [8] De-ionized water pH 5.72 - 0.02 45.9 - 
Deerasamee and 

Tiensing [9] De-ionized water pH 5.5 Outdoor 
condition - 2.72 - 

 - : not stated 
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Figure 3: Hydrolysis of chlorpyrifos in pH 7 buffer at various temperatures. 

 
 

For hydrolysis in 0.02M CaCl2, the results showed that degradation of chlorpyrifos still occurred very fast when the 
initial concentration of chlorpyrifos was low (0.5 mgL-1).   However at higher initial concentration (1.8 and 1.0 
mgL-1), the half-life for chlorpyrifos was 1.5-2 times longer (Table 2, Figure 4).  Although the hydrolysis rates 
obtained in this study is relatively faster as higher concentration of CaCl2 solution and higher experimental 
temperature had been chosen, but the trend is in agreement with previous study [3].    
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Figure 4: Hydrolysis of chlorpyrifos in 0.02M CaCl2. 
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Table 2: Kinetic data for the hydrolysis of chlorpyrifos in 0.02M CaCl2. 
 

 This study (0.02M CaCl2) Wu (0.01M CaCl2) 

Initial concentration 1.80 mgL-1 1.00 mgL-1 0.50 mgL-1 1.283µmolL-1 ≈ 
0.45 mgL-1 

0.257µmolL-1 ≈ 
0.09 mgL-1 

Temperature (oC) 29+1 29+1 29+1 23+2 23+2 

k (d-1) 0.05 0.07 0.10 0.01 0.01 
t 1/2 (d) 13.2 10.1 6.66 60.3 52.9 

R2 0.88 0.97 0.96 - - 

    - : not stated 
 
 
 
The results obtained in this study showed faster hydrolysis rate for a comparable pH value and temperature 
condition compared to previous studies [3-4,7-8] (Table 1 and Table 2).  In this study, only preliminary screening 
experiments were carried out to determine roughly the rates of hydrolysis at various pHs and temperatures, 
meanwhile majority of the reported data was derived from experiments that followed well-established hydrolysis 
test protocols which consist of a multi-level approach as described by Noblet [4].  As a comparison, hydrolysis test 
was performed with reverse osmosis water buffered at pH 7, however the half-life obtained was not significantly 
longer compared to non-sterile water (Table 1).  On the other hand, a half-life of 2.72 days in deionized water 
(outdoor condition) has been observed in Thailand by Deerasamee and Tiensing [9], showing that the hydrolysis of 
chlorpyrifos is relatively faster in tropical environment.  Besides, the chlorine, metals and other cations residue in 
distilled water may also responsible for the rapid hydrolysis of chlorpyrifos observed in this study [3,6].  Other 
experimental errors such as losses due to volatilization, adsorption onto glass surface [10] and pH changes might 
also resulted in higher hydrolysis rates. 

 
Conclusions 

The hydrolysis of chlorpyrifos (O,O-diethyl-O-3,5,6-trichloro-2-pyridyl phosphorothionate) is greatly influenced by 
pH and temperature.  Hydrolysis is slower in acidic condition and lower temperature.  The hydrolysis of 
chlorpyrifos in different aqueous media follows first-order kinetics, with half-lives ranged from 4.57 to 14.0 days.  
Hydrolysis rate is slower in the 0.02M CaCl2 solution containing higher initial concentration of chlorpyrifos.  
Comparison between sterilized and non-sterilized water suggested the contribution of biodegradation component.  
These results indicate that pH alone cannot be used as a single parameter to predict the hydrolysis of chlorpyrifos, 
other parameter such as temperature, metal content and water quality also showed significant effect on the 
hydrolysis rate.   
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Abstract 
A sampling expedition into the East Coast Peninsula Malaysia Exclusive Economic Zone (EEZ) was carried in June 2008. 
Marine surface sediment samples were collected and the activity concentrations of 210Pb have been determined. Its 
distribution was plotted and the findings show that the activity concentrations decline from north to south. On the other 
hand, the activity concentrations are increasing from west to east right to the edge of the EEZ. The 210Pb activity 
concentrations were found to be in the range of 18.3 – 123.1 Bq/kg. 
 
Keywords: Activity, lead, sediment, distribution, trend, EEZ 

 
Abstrak 

Ekspedisi persampelan ke kawasan Zon Ekonomi Ekslusif (EEZ) Pantai Timur Semenanjung Malaysia telah di buat pada 
bulan Jun 2008. Sedimen permukaan telah di ambil dan kepekatan aktiviti 210Pb telah ditentukan. Taburannya telah di 
plotkan dan di dapati kepekatan aktiviti menurun dari utara ke selatan. Sebaliknya, kepekatan aktiviti telah meningkat dari 
barat ke timur sethingga kepenjuru EEZ. Kepekatan aktiviti 210Pb di dapapti berada dalam julat 18.3 -  123.1 Bg/kg. 
 
Kata kunci: Activiti, plumbum, sedimen, taburan, tren, EEZ 
 

Introduction 

The East Coast Peninsular Malaysia Exclusive Economic Zone (EEZ) is an area between 1° 14.04' to 7° 48.92' 
N latitude and 102° 5.03' to 105° 48.77' E longitude. The area is approximately 1,150 km long and 417 km 
maximum width. The area is relatively shallow with maximum depth around 60 m to 70 m. Human activities in 
the area include fishing, tourism and oil exploration. The area is also a major shipping lane. These factors make 
the EEZ a good area to study the effects of human activities on the marine environment. 
 
210Po (T1/2 = 138 d, α) and 210Pb (T1/2 = 22.3 y, β) are both members of the 238U decay series. 238U is a naturally 
occurring radionuclide with a half-life of 4.5 billion years. 210Pb decays to 210Bi which then decays to 210Po. 
These radionuclides are recognised as tracers for natural processes and suitable in determining ocean processes 
[1]. For example, 210Pb has been extensively used to study environmental changes in different sedimentary 
environment and marine pollution [2]. 210Pb is determined by counting its daughter 210Po which is α emitter. 
This method assumes secular equilibrium between 210Pb and 210Po. Radiochemical separation is employed to 
separate 210Po and the source is counted using alpha spectrometry counting system. The technique is widely 
used due to its lower detection limit, relatively inexpensive and requires small amounts of samples [3]. 
 

Materials and Methods 

The sampling of the EEZ area was done between 11 June 2008 and 26 June 2008. Sampling locations were 
arrayed in a grid of about 30 - 40 km between locations. This array allows good coverage of the EEZ with little 
blank spots. Seawater, core sediments and surface sediments were taken for various analyses. The surface 
sediment samples for 210Pb analysis were taken using a Ponar grab sampler. Samples were put into a HDPE 
container and sealed for further analysis in the laboratory. Supporting data such as water depth, salinity, 
turbidity and temperature were also taken as supporting data. 
 
The samples were then completely dried at 60OC in forced air oven. Grinding of the samples were done using 
Rocklabs and sieved using Fritsch Analysette 3 Pro siever. Two grams (2g) of sample were weighed and added 
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with ~6dpm 209Po tracer. Acid leaching method using nitric acid (HNO3) and hydrochloric acid (HCl) was 
employed to digest the sample. Sample was filtered and the solution was heated until dryness. The solution was 
then dissolved in 0.5M hydrochloric acid and 0.1g ascorbic acid was added to the solution prior to deposition of 
210Po onto a silver disc for 24 hours. 
 
The silver disc was counted for 24 hours using Ortec Octette+ Alpha Spectrometry System to determine 210Po 
activity. The activity of 210Pb was then calculated assuming secular equilibrium with 210Po [4]. 
 
 

Table 1. Date of sampling and sampling location coordinates 

No. Station Date Latitude Longitude 
Water 

Depth (m) 

1 SF01 18.06.08 06o 13.99' N 102o 19.00' E 13 
2 SF02 17.06.08 06o 50.04' N 102o 47.04' E 47 
3 SF03 17.06.08 07o 05.03' N 103o 04.99' E 50 
4 SF04 17.06.08 07o 25.98' N 103o 26.01' E 61 
5 SF05 16.06.08 06o 56.09' N 103o 56.04' E 62 
6 SF06 16.06.08 06o 42.14' N 103o 35.17' E 52 
7 SF07 16.06.08 06o 10.00' N 103o 01.00' E 45 
8 SF08 18.06.08 05o 52.10' N 102o 51.92' E 34 
9 SF09 20.06.08 05o 22.06' N 102o 21.97' E 47 

10 SF10 14.06.08 05o 48.20' N 103o 48.98' E 55 
11 SF11 14.06.08 06o 06.16' N 104o 09.11' E 72 
12 SF12 14.06.08 06o 32.01' N 104o 22.11' E 59 
13 SF13 13.06.08 06o 16.98' N 105o 16.99' E 55 
14 SF14 13.06.08 05o 57.15' N 104o 58.13' E 56 

15 SF15 12.06.08 05o 29.08' N 104o 29.02' E 61 
16 SF16 12.06.08 05o 18.50' N 104o 12.60' E 60 
17 SF17 20.06.08 04o 54.12' N 103o 42.98' E 54 
18 SF18 11.06.08 04o 28.14' N 103o 49.98' E 40 
19 SF19 22.06.08 03o 37.07' N 103o 41.08' E 23 
20 SF20 22.06.08 03o 55.10' N 104o 00.05' E 50 
21 SF21 23.06.08 04o 22.16' N 104o 22.07' E 65 
22 SF22 23.06.08 04o 44.19' N 104o 38.44' E 66 
23 SF23 12.06.08 05o 08.10' N 105o 12.90' E 67 
24 SF24 23.06.08 03o 32.08' N 104o 36.00' E 62 
25 SF25 24.06.08 03o 09.14' N 104o 09.04' E 41 
26 SF26 26.06.08 02o 56.13' N 103o 49.97' E 20 
27 SF27 24.06.08 02o 16.94' N 104o 16.97' E 30 
28 SF28 24.06.08 02o 39.18' N 104o 38.91' E 58 
29 SF29 25.06.08 02o 00.55' N 104o 41.97' E 46 
30 SF30 25.06.08 01o 48.04' N 104o 15.03' E 14 

 
 
Quality assurance was complied by using reference material IAEA-368 Marine Sediment. The reference 
material was processed in the same batch as the samples and the activity concentration of 210Pb was compared 
to the certified value. 

 
Results and Discussion 

The activity concentration of 210Pb in surface sediments in the sampling area is shown in Table 2. 
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Table 2. Activity concentration of 210Pb in surface sediments other physical data 

Location 
210

Pb (Bq/kg) 
Temperature 

(
O

C) 

Salinity 

(psu) 
Turbidity 

SF01 123.1 ± 0.2 30.38 33.34 5.267 
SF02 24.4 ± 0.1 27.33 34.49 4.450 
SF03 28.7 ± 0.1 27.30 34.43 4.300 
SF04 46.1 ± 0.1 27.16 34.48 4.050 
SF05 64.4 ± 0.1 26.90 34.43 10.753 
SF06 48.3 ± 0.1 26.80 34.52 4.150 
SF07 31.4 ± 0.1 27.04 34.47 3.450 
SF08 52.4 ± 0.3 26.92 34.42 3.300 
SF09 57.0 ± 0.1 26.45 34.40 4.250 
SF10 43.6 ± 0.1 27.38 34.27 3.300 

SF11 49.3 ± 0.1 27.31 34.17 3.200 

SF12 88.1 ± 0.1 27.65 34.19 3.767 

SF13 122.5 ± 0.2 29.32 33.88 4.367 

SF14 99.0 ± 0.1 28.87 34.03 3.833 

SF15 63.4 ± 0.1 27.77 34.14 3.950 

SF16 34.1 ± 0.1 27.10 34.13 3.600 

SF17 45.3 ± 0.2 26.54 34.43 3.650 

SF18 43.0 ± 0.2 26.52 34.16 3.250 

SF19 18.3 ± 0.1 29.44 34.02 2.700 

SF20 44.7 ± 0.2 26.56 34.37 3.100 

SF21 39.0 ± 0.1 25.57 34.49 3.633 

SF22 53.2 ± 0.1 25.54 34.47 3.250 

SF23 69.1 ± 0.1 26.66 34.21 3.800 

SF24 45.3 ± 0.2 25.41 34.56 3.380 

SF25 42.7 ± 0.1 26.16 34.50 3.750 
SF26 35.0 ± 0.1 28.16 34.18 3.050 
SF27 49.7 ± 0.7 29.12 34.06 3.050 
SF28 60.4 ± 0.1 25.55 34.63 3.500 
SF29 49.6 ± 0.1 27.86 34.22 3.450 
SF30 60.4 ± 0.1 29.49 33.78 15.267 
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Spatial Distribution 

The spatial distribution was plotted using ArcGIS and the distribution is shown in Figure 1. 
 
        

 
 

Figure 1: Spatial distribution of 210Pb in surface marine sediments 
 
 
 
 
The activity concentrations of 210Pb in surface marine sediments show a slightly declining trend from north to 
south. This trend is similar to those observed in the previous study in 2003 [5]. This is especially true to 
sampling sites in the coastal area. The highest activity concentration is found at station SF01 (123.1 ± 0.2 
Bq/kg). This is due to input from terrestrial source as the station is very close to the river Sungai Kelantan. The 
lowest activity was found to be in station SF19 (18.3 ± 0.1 Bq/kg). This station is close to Pekan coastal area 
which is about 25 km from the mouth of Sungai Pahang. The low activity concentration observed was rather 
surprising given that previous study at the mouth Sungai Pahang showed much higher activity concentration 
[5]. This might be due to minimal sediment transport from Sungai Pahang to the station site, which means little 
fresh sediment being introduced to the area. 
 
The activity concentration from west to east, which is from coastal area towards open seas initially showed a 
declining trend. This is expected as less input of 210Pb from terrestrial sources as it further away from land, and 
thus less 210Pb activity concentration in surface sediments. However, from about 140 km from shore onwards 
(stations SF12, SF15, SF23, SF14 and SF13) the 210Pb activity concentration show an increasing trend. The 
furthest station is SF13 which is 261 km from land. Yet this station showed the second highest activity 
concentration of all the stations (122.5 ± 0.2 Bq/kg). This level of activity concentration is similar to those in 
SF01. Terrestrial input from natural process cannot explain such high level of activity concentration. It could be 
that such high activity concentration is lithogenic to that area. 226Ra activity concentration needs to be 
determined to calculate the ratio between 210Pb and 226Ra. The ratio between 210Pb and 226Ra can help in 
determining whether the 210Pb activity concentration is of lithogenic or anthropogenic origin [1]. The activity 
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concentration of 210Pb observed could also be caused by human activities such as oil exploration. Human 
activities would also cause elevated heavy metal contents in the area. Therefore further analysis need to be 
carried out to determine the cause of this high 210Pb activity concentration. 
 
Correlation with physical data 

A Pearson correlation of 210Pb and the physical data as presented in Table 2 was done using SPSS. No 
significant correlation was found between the parameters. This means 210Pb activity concentration found was 
not affected by physical parameters as tabulated in Table 2. 
 
 

Table 3: Correlation (R) value between 210Pb and various physical parameters 

 Temperature Salinity OBS Depth 
210Pb 0.037 0.498 0.033 0.134 

 

 
Comparison to other studies 

 
 

Table 4: 210Pb activity concentration in surface marine sediments at various locations 

Area  

(Sampling Date) 

Min 
210

Pb  

(Bq/kg) 

Max 
210

Pb  

(Bq/kg) 
Reference 

South China Sea  
(2008) 18.3 123.1 This Study 

South China Sea  
(2003) 35.3 144.2 [5] 

Straits of Malacca 
 (2004) 7.3 136.0 [6] 

Sabah & Sarawak 
Waters  
(2004) 

13.5 220.2 [7] 

Kuala Selangor 7.6 43.6 [8] 

Kapar 0.1 36.0 [9] 

 
 
In comparison, the current study does not show any significant differences of 210Pb activity concentration 
against the previous study carried out at same area. This shows that there is no major change in natural 
processes and human activities between 2003 and 2008 in the area that could affects the marine environment. 
 
Compared to Straits of Malacca, the results obtained in this study is slightly lower. This could be due to fact 
that the South China Sea being less an enclosed system compared to Straits of Malacca [10]. This would lead to 
more sediment movement in South China Sea compared to Straits of Malacca. There are also more rivers and 
more human activities in the West Coast Peninsula Malaysia that could lead to more terrestrial input into Straits 
of Malacca. 
 
The 210Pb activity concentration is Sabah & Sarawak waters are significantly higher compared to this study. 
This could be due to the various rivers in Sabah and Sarawak that contribute to terrestrial input into the sea. 
 
Quality Control of Data 

The reference material IAEA-368 Marine Sediment was used as a quality control and quality assuarance to 
evaluate the quality of data obtained. The reference material was processed and analysed alongside the samples. 
The result obtained then compared with the certified value (IAEA-368 23.2 ± 1.8 Bq/kg). 
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Table 5: Results of IAEA-368 analysis 

Reference Sample Measured Value U-Score 

1 23.0 ± 1.0 0.09 
2 22.9 ± 1.0 0.13 
3 23.2 ± 1.0 0.02 
4 23.8 ± 1.1 0.27 
5 25.6 ± 1.1 1.09 
6 23.2 ± 1.0 0.02 
7 24.1 ± 1.1 0.44 
8 22.9 ± 1.0 0.13 
9 27.6 ± 1.2 1.96 
10 24.0 ± 1.1 0.36 
11 26.8 ± 1.2 1.63 
12 25.6 ± 1.1 1.12 
13 24.2 ± 1.1 0.46 
14 22.4 ± 1.0 0.37 
15 23.6 ± 1.1 0.20 
16 24.1 ± 1.1 0.42 
17 25.8 ± 1.2 1.21 
18 26.1 ± 1.2 1.33 
19 27.2 ± 1.2 1.80 

 

The majority of U-score calculated are below 1.64. This means that the 210Pb measured in the reference material 
does not differ significantly with the certified value. 
 
 

Table 6: Physical Meaning of the U-Score Values 

Condition Probability Status 

u < 1.64 Greater than 0.1 
The reported value does 
not differ significantly 
from the certified value 

1.95 > u > 1.64 Between 0.1 and 0.05 

The reported value 
probably does not differ 
significantly from the 

certified value 

2.58 > u > 1.95 Between 0.05 and 0.01 

It is not clear whether the 
reported value differ 
significantly from the 

certified value 

3.29 > u > 2.58 Between 0.01 and 0.001 

The reported value is 
probably significantly 

different from the 
certified value 

u > 3.29 Less than 0.001 
The reported value 

significantly differs from 
the certified value 
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Conclusion 

The activity concentration of 210Pb in surface sea sediments in coastal area of the East Coast Peninsula Malaysia 
Exclusive Economic Zone (EEZ) are generally similar to those observed in previous studies. The high activity 
concentration of 210Pb in the most eastern part of the EEZ require further analysis of 226Ra and heavy metals to 
determine whether the high 210Pb activity concentration is the result of natural processes or due to human 
activities. 
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Abstract 

In this study, carboxymethyl chitosan bound Fe3O4 magnetic nanoparticles (CC-Fe3O4 NPs) was synthesized by the binding 
of carboxymethyl chitosan (CC) onto the surface of Fe3O4 magnetic nanoparticles, which was prepared by coprecipitating 
method. The CC-Fe3O4 nanoparticles was characterized by transmission electron microscopy (TEM), X-ray diffractometer 
(XRD), vibrating sample magnetometer (VSM), Nucleus Magnetic Resonans (NMR) and Fourier Transform Infra Red 
(FTIR).  TEM studies confirmed that the Fe3O4  and CC-Fe3O4 particles have a particle size ranges from 9.73-12.30 nm and 
9.70-12.50 nm, respectively. The magnetic properties of the Fe3O4 particles were verified using VSM. Their saturation 
magnetization, remnant magnetization and coercivity were 61.0 emu/g, 2.70 emu/g and 38.20 G,  respectively. FTIR studies 
showed the appearance of peaks at 1629 cm-1 and 1397 cm-1 which were characteristic of COOM (M = metal ions) bands, 
indicating the formation of the iron carboxylate. 
 
Keywords: Carboxymethyl chitosan , magnetic nanoparticles   

 
Abstrak 

Dalam kajian ini, karboksimetil kitosan berikat dengan  nanozarah magnetik Fe3O4 telah disintesis dengan pengikatan 
karboksimetil kitosan (CC) terhadap permukaan  nanozarah magnetik Fe3O4, yang disediakan melalui  kaedah 
kopemendakan. Nanozarah CC-Fe3O4 kemudian dicirikan dengan Transmisi Elektron Mikroskopi (TEM), Pembelauan 
Sinar-X (XRD), Magnetometer Getaran Sampel (VSM), Resonans Magnetik Nukleus (RMN) dan Infra Merah Transformasi 
Fourier (FTIR).   Analisis TEM menunjukkan Fe3O4  dan CC-Fe3O4 mempunyai julat saiz zarah di antara 9.73-12.30 nm dan 
9.70-12.50 nm. Sifat kemagnetan Fe3O4 menunjukkan nilai pemagnetan tepu, pemagnetan sisa dan daya paksa sebanyak 
61.0 emu/g, 2.70 emu/g dan 38.20 G. Analisis FTIR pula menunjukkan kehadiran puncak pada 1629 cm-1 dan 1397 cm-1 
yang merupakan ciri jalur COOM (M = ion logam), menunjukkan pembentukan ferum karboksilat. 
 
Kata Kunci: Karboksimetil kitosan , nanozarah magneti. 

 

Introduction 

Chitosan, poly(1→4)-2-amino-2-deoxy-D-glucan, is a polyaminosaccharide with many significant biological 
(biodegradable, biocompatible, bioactive) and chemical properties (polycationic, hydrogel, reactive groups such 
as OH and NH2). All of these properties make chitosan and its derivatives widely used in many biomedical 
fields [1]. Carboxymethylated chitosan has received more and more attention because of its good water 
solubility, and it is more convenient to be applied in medicine because it fits the neutral environment of the 
human body [2,3]. Nano-sized carriers could not be separated easily from the contaminated waste streams by 
filtration or centrifugation. Magnetic nano-carriers can be easily manipulated by an external magnetic field and 
hence should be suitable as the support of adsorbents [4]. In this study, carboxymethyl chitosan bound Fe3O4 
magnetic nanoparticles was synthesized by the binding of carboxymethyl chitosan (CMC) onto the surface of 
Fe3O4 magnetic nanoparticles. These Fe3O4 and carboxymethyl chitosan-Fe3O4 nanoparticles were characterized 
by TEM, XRD, VSM, FTIR and 1H-NMR, respectively. 

 
Experimental 

Chemicals 

Chitosan used as raw material was supplied by ChitoChem  Company. It is of medical grade and has degree of 
acetylation of more than 90%. FeCl3 and FeSO4.7H2O were purchased from BDH Chemicals Ltd . 
Carbodiimide were supplied by Aldrich. Monochloroacetic acids were purchased from MERCK-Schuchardt. 
All chemicals were of analytical grade reagents and used as supplied. 
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Preparation of Fe3O4 Nanoparticles 

Nanosized magnetite was prepared by controlled chemical co-precipitation of Fe2+ and Fe3+ (1:2 ratio) from 
ammoniacal medium at 80° C under nitrogen atmosphere. In a typical experiment, 0.02 mol of ferrous sulphate 
and 0.04 mol of FeCl3 were dissolved in 200 ml of de-ionized and de-oxygenated water. The resulting solution 
was vigorously stirred and heated to 80º C under  nitrogen atmosphere. Subsequently about 12 ml of 25% 
ammonia solution was injected into the flask and stirring was continued for another 20 minutes to allow the 
growth of the nanoparticles. The solution was then cooled to room temperature and the resulting particles were 
centrifuged followed by repeated washing with distilled water. The pH of the suspension was brought to neutral 
by the addition of dilute HCl, and the particles were rewashed with distilled water [5]. 
 
Preparation of Carboxymethyl Chitosan 

Carboxymethyl chitosan was prepared by method as suggested by Sun et.al [6]. Chitosan (10g), sodium 
hydroxide (10g), isopropanol (50 ml) and water (50 ml) were added into a flask to swell and alkalize at 50oC for 
1 h. The monochloroacetic acid (15 g) was dissolved in isopropanol (20 ml), added into the reaction mixture 
drop-wise for 30 min and reacted for 4 h at the same temperature, then stopped by adding 70% ethyl alcohol 
(250 ml). The solid was filtered and rinsed in 70-90% ethyl alcohol, and vacuum dried at room temperature. 
The product was Na salt CC (Na-CC). Na-CC (1 g) was suspended in 80% ethyl alcohol aqueous solution (100 
ml), hydrochloric acid (10 ml, 37%) was added and stirred for 30 min. The solid was filtered and rinsed in 70-
90% ethyl alcohol to neutral, vacum dried. The products were the H-form CC (H-CC). 
 
Preparation of Fe3O4 Bound Carboxymethyl Chitosan 

The binding of carboxymethyl chitosan was conducted following Chang and Chen [7] method but the difference 
is carboxymethylchitosan used was N,O-carboxymethylchitosan. Approximately, 1 g of Fe3O4 nanoparticles 
was added to 20 ml of buffer A (0.003 M phosphate, pH 6, 0.1 M NaCl). Then, the reaction mixture was shaked 
for 60 min after adding 5 ml of carbodiimide solution (0.025 gml−1 in buffer A). Finally, 25 ml of 
carboxymethyl chitosan solution (50 mg ml−1 in buffer A) was added and the reaction mixture was shaked for 2 
hours. The chitosan-bound Fe3O4 nanoparticles were recovered from the reaction mixture by magnetic bar. The 
magnetic particles were then washed with water and ethanol. 
 
Characterization of Fe3O4 Bound Carboxymethyl Chitosan 

The determination on functional group of  chitosan, carboxymethyl chitosan (CC),  Fe3O4  and CC-Fe3O4 
nanoparticles were performed using FTIR. Carboxymethyl chitosan (CC) was analysed by NMR 400 MHz to 
determine position of carboxymethylation took placed. The morphology of the magnetic particles was 
characterized by TEM.  TEM analysis was carried out by placing a drop of the ethanol-dispersed magnetic 
nanoparticle aqueous solution onto a copper grid and allowing the solution to evaporate in air at room 
temperature. Before sample withdrawal, it was sonicated for 30 min to obtain a better dispersion. XRD 
measurement was carried out on an X-ray diffractometer (Cu Kα, λ=0.1542 nm). Magnetic properties of Fe3O4  
and CC- Fe3O4 nanoparticles was measured by using Vibrating Sample Magnetometer. 

 
Result and Discussion 

FTIR Analysis 

The IR results of chitosan, were summarised in Table 1, shows the basic characteristic of chitosan at : 3430 cm-1 
(O-H stretch) and   N-H stretch, 2924 cm−1 (C–H stretch), 1642 cm-1 (C=O stretch), 1148 cm−1 (bridge-O-
stretch), and 1079 cm−1 (C–O stretch)  [8,9]. Sodium carboxymethyl chitosan (Na-CC) shows peak at 1603 cm-1 
indicating of  appearence of –COONa group. H-form carboxymethyl chitosan (H-CC) shows appearence of 
peak at 1726 cm−1 representing the carboxylate C=O asymmetric stretching. The signal at 1394 cm-1 could be 
assigned to the symmetric stretching vibration of carboxylate C=O [10]. The peak of 577 cm-1 is typical 
characteristic of Fe–O group in Fe3O4. Appearance of the peaks at 1629 cm-1 and 1397 cm-1 shows that binding 
of carboxymethyl chitosan with Fe3O4 has occured. These two peaks were characteristic of COOM (M= metal 
ion) band, indicated that carboxyl groups in CC reacted with the surface  hydroxide groups of Fe3O4 particles, 
resulting in the formation of the iron carboxylate [11]. 
 
1
H-NMR Analysis 

In the 1H NMR spectrum of carboxymethyl chitosan as shown in Fig.1, the signal at 2.00 ppm can be attributed 
to the hydrogen atoms of the methyl from acetamide groups. The signal at 3.15 ppm corresponds to the 
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hydrogen bonded to the carbon atom C2 of the glucosamine ring, while the signals between 3.72 and 3.91 ppm 
correspond to the hydrogen atoms bonded to carbons C3, C4, C5 and C6 of the glucopyranose.  The signal 
between 4.26-4.55 ppm  corresponds to the protons of 3- and 6-substituted carboxymethyl (–O–CH2–COOD) of 
carboxymethyl chitosan [12]. The hydrogen bonding to carbon C1 gives the signals at 4.8 ppm. Moreover, the 
resonance signal of the protons from N-CH2-COOD groups could be found at 3.29 ppm. This result indicated 
that the amino groups were partly carboxymethylated along with hydroxyl groups [13]. 
 

Table 1:  FTIR results of Chitosan, Na-CC, H-CCand CC-Fe3O4 

   Type of            

         Vibration 

Type          (cm-1) 

 of  

 derivatives 

 

O-H, N-H  

stretch 

 

 

C-H 

stretch 

 

 

C=O 

asym 

stretch 

 

 

C=O sym 

stretch 

 

 

  C-O/C-N    

    stretch 

    

 

Fe-O 

stretch 

Chitosan 3430  2924  1642  - 1148  
     1079 

- 

Na-CC 3430  2912  
 

1603 - 1148  
1078 

- 

H-CC  3435 2929 1726 
 

1394 1151 
1070 

- 

CC-Fe3O4  3411 2929 1629 1397 1024 577 

 

 

 
Figure 1:  1H-NMR  Spectrum of H-CC in D2O. 

 
 
TEM Analysis 

It can be seen from TEM micrograph (Fig.2) that the resulting magnetic Fe3O4 nanoparticles were almost 
spherical or ellipsoidal. It was clear that the Fe3O4 nanoparticles had a diameter range of 9.73-12.30 nm. After 
binding with carboxymethyl chitosan Fig.2b the particles remained discrete with a diameter range of about 
9.70-12.50 nm. This revealed that the coating process did not significantly result in the agglomeration and the 
change in size of the particles. This could be attributed to the reaction occurring only on the particle surface [7]. 
However, there is a little aggregation in the Fe3O4 nanoparticles coated with  carboxymethyl chitosan. 
 

 

 
H1 

O-CH2COOD 

H(3-6) NCH2COOD 

H2 -COCH3 
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(a)                                                                        (b) 

 
Figure 2: TEM micrographs of the Fe3O4 (a)  and  CC- Fe3O4 (b) nanoparticles 

 

 

Magnetic Properties 

The magnetic hysteresis loop at room temperature of the Fe3O4 and CC-Fe3O4 nanoparticles is shown in Figure 
3. Fe3O4 has saturated magnetization (Ms) about 61.00 emu/g. The remanence (Mr) and coercivity (Hc) of 
Fe3O4 nanoparticles were 2.70 emu/g and 38.20 G, respectively.The saturated magnetization (Ms)  of  CC-
Fe3O4 was 43.69 emu/g (51.4 emu/g)[14] when considering the carboxymethyl chitosan content. The 
significantly decrease Ms value of CC-Fe3O4 is  attributed due to the existence of a magnetically inactive 
surface layer and some diamagnetic contribution from the carboxymethyl chitosan [15,16].  
 
 

  
Figure 3: Magnetic hysteresis loop of  Fe3O4 and CC-Fe3O4 nanoparticles. 

 

 
XRD Pattern 

The presence of crystalline structure of  Fe3O4  and CC- Fe3O4 nanoparticles was comfirmed by XRD.  The 
diffractogram is shown in Fig. 4. There are  six diffraction  peaks for Fe3O4  and CC- Fe3O4 : (2 2 0), (3 1 1), (4 
0 0), (4 2 2), (5 1 1) and (4 4 0), which is the standard pattern for crystalline magnetite with spinel structure 
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[17]. These peaks reveal that the resulting nanoparticles were pure Fe3O4 with a spinel structure. The binding 
process of CC and Fe3O4 did not result in the phase change of Fe3O4. 

       

Figure 4: XRD pattern of Fe3O4 (a) and CC- Fe3O4 (b) nanoparticles. 

 

Conclusion 

H-CC bound Fe3O4 nanoparticles with diameter 9.70-12.5 nm  was prepared in this study by the binding of 
carboxymethylated chitosan on Fe3O4 nanoparticles  via  carbodiimide  activation. The  saturated   
magnetization of CC-Fe3O4 nanoparticles could reach 43.69 emu/g. This  magnetic chitosan nanoparticles have 
a good potential to remove metal ions such as iron and manganese which are the  problem of drinking  water in 
Malaysia. 
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Abstract 

Zeolite P was modified by ion exchange with Ce(IV) cation (Ce4ZP) and its performance for removal of As(V) anion using 
column method is described.    The removal of As(V) was strongly depending on the bed depth, influent flow rate and initial 
As(V) concentration.  The increase in bed depth enable more water can be treated, but with a slight reduction in adsorption 
capacity.  At lower flow rate, the quantity of treated water and adsorption capacity were found to increase.  At higher 
influent concentrations, better adsorption capacity was observed.  The theoretical service times evaluated from bed depth 
service time (BDST) model for different flow rates and influent As(V) concentrations shows good correlation with the 
experimental data. 
 
Keywords: Arsenate, BDST model, Ce(IV)-zeolite P, column, adsorption 

 
Abstrak 

Zeolite P telah diubahsuai secara penukaran ion dengan kation cerium (IV)  (Ce4ZP) dan kebolehannya untuk penyingkiran 
anion As(V) menggunakan kaedah turus dilaporkan.  Penyingkiran As(V) bergantung kepada  ketinggian turus, kadar aliran 
masuk dan kepekatan awal As(V).  Penambahan ketinggian turus menghasikan lebih banyak air yang dapat dirawat tetapi ia 
merendahkan sidikit muatan jerapan.  Pada kadar aliran masuk yang rendah, kuantiti air yang dirawat dan muatan jerapan 
meningkat.  Sample air dengan kepekatan arsenik lebih tinggi menghasilkan muatan jerapan yang lebih tinggi.   Jangka masa 
operasi turus yang dikira dari model BDST hampir sama dengan jangka masa operasi yang didapati secara eksperimen. 
 
Kata kunci :  Arsenat, model BDST, Ce(IV)-zeolit P, turus, jerapan 

 
Introduction 

Arsenic is harmful to man and living organisms and a suspected carcinogen [1].  It enters the environment 
through anthropogenic activities such as petroleum refineries, fossil fuel power plants and non-ferrous smelting 
as well as through natural weathering of arsenic rock.   Arsenic is also used in many industries such as in wood 
treatment that use the largest amount of arsenic compounds, lead shot, storage batteries, semiconductors, 
pesticides and fertilizers [2].  The arsenic levels in many international standards for drinking water and 
industrial waste effluent have been lowered to 0.01 mg L-1 and 0.05 mg L-1, respectively [3-4].  Conventional 
precipitation methods for arsenic removals using iron and aluminum salts have not been successful to meet 
these drinking and effluent standards for arsenic due to the solubility of the resultant products.  On the other 
hand, adsorption appears to be one of the promising methods for removal of arsenic from water [5].  Among 
these processes, the removal of As(V) using metal oxides such as antimony and manganese [6], iron hydroxide 
[7] and iron coated catalysts [8] have been studied.  
 
Zeolites are crystalline, hydrated aluminosilicate minerals containing exchangeable alkaline and alkaline earth 
metal cations, in particular, sodium, potassium, magnesium and calcium as well as water molecules in their 
structural frameworks.  The compounds are based on three dimensional networks of AlO4 and SiO4 tetrahedra 
linked to each other by sharing all the oxygen atoms [9].  Since zeolites have a permanent negative charge 
on their surface, they have no affinity for anions.  Recent studies have shown that modification of zeolites 
with certain cations resulted in sorbents with a strong affinity for many anions [10].  Cationic-surfactant-
modified zeolites have been shown to remove arsenate from aqueous solutions [11]. Since the presence of the 
arsenate anion in water covers a wide pH range, the removal of As(V) by zeolites could be enhanced after 
loading them with various metal cations such as aluminium [12] and iron [13].  Cerium hydroxide has been 
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known to adsorb As(V) effectively from aqueous solution.  Recently hydrous cerium oxide was shown to 
possess a high anion exchange capacity for As(V) [14].  Furthermore cerium doped iron oxide adsorbed As(V) 
at a higher capacity than alumina [15].  Our previous study showed that Ce(IV)-exchanged Zeolite P could sorb 
As(V) at higher capacity than several cerium- and zeolite-based adsorbents using batch method [16].   
 
This paper describes the use of Ce(IV)-exchanged Zeolite P (Ce(IV)ZP) to sorb As(V) from aqueous solution 
using column method.  Parameters investigated were effect of bed depth, flow rate and also initial influent 
concentration.  The evaluation of column performance and analysis of breakthrough curves were done by the 
Bed Depth ServiceTtime (BDST) model [17].  The BDST approach was used for prediction of breakthrough 
time and exhaust time of column bed under different flow rate and influent concentration. All experiments for 
column method were performed at room temperature (25±2 °C). 

 
Experimental 

Zeolite P prepared from rice husk silica was donated by the Ibnu Sina Institute, University Technology 
Malaysia.  Ce(IV)-loaded Zeolite P (Ce4ZP) was prepared by stirring of Zeolite P (5.0 g) in 45 cm3  of             
0.1 mol L-1 ceric ammonium nitrate (Merck) in distilled water at 90 °C for 24 h. The Zeolite was separated from 
the solution by vacuum filtration rinsed with distilled water and oven dried at 60 °C for 24 h. The concentration 
of Ce(IV) in the supernatant was determined using ICP-AES model Perkin-Elmer Plasma 1000. The loading 
capacity of Ce(IV) in Zeolite P was found to be 170 mg g-1 [16].  A stock solution of As(V), 1000 mg/L, was 
prepared by dissolving NaH2AsO4.7H2O (Sigma) in distilled water.  Test As(V) sample solutions were prepared 
by dilution of the stock solution. 
 
The Ce4ZP adsorbent was packed inside borosilicate glass columns (Omnifit USA) with internal diameter of 10 
mm and length of 100 mm equipped with teflon frit. The experiments were conducted in the up flow mode. The 
As(V) spiked water was pumped through the packed bed of Ce4ZP with a double reciprocating piston pump 
(model Pharmacia P 50).  The effect of process parameters such as bed height, inlet flow rate, initial As(V) 
concentration were studied. The effluent samples were collected in a glass test tubes at definite interval using a 
fraction collector (model Pharmacia GradiFrac) and analyzed for As concentration using ICP-AES (model 
Perkin Elmer l000).  The As(V) spiked water was allowed to pass through Ce4ZP bed in up flow mode at a flow 
rate of 0.5 mL/min.  The bed depths of 1.0, 1.5 and 2.0 cm and initial As(V) concentration of 25 mg/L were 
selected for experimental evaluation of column parameters.  The effect of flow rate on As(V) removal was 
studied at 0.5 and 1 mL/min for a fixed bed depth of 1.0 cm and As(V) concentration of 25 mg/L. The 
performance of Ce4ZP at a bed depth of 1.0 cm was also evaluated at a higher As(V) concentration of 50 mg/L 
at 0.5 mL/min.   

 
Results and Discussion 

Effect of Column Bed Height 

The breakthrough curves which is the plots C/Co as a function of lapse time of water treated for an initial As(V) 
concentration of 25 mg/L  for three different bed depths of 1.0, 1.5 and 2.0 cm at a flow rate of 0.5 mL/min are 
shown in Fig. 1.  For the low bed depth, the breakthrough curve is steeper showing faster saturation of the bed.  
The point on the breakthrough curve at which arsenic concentration reaches its maximum allowable value for 
wastewater of 0.05 mg/L (corresponding to C/Co = 0.002 or 0.2% of the influent concentration) was taken as 
‘breakthrough point’ and the value of C/Co= 90% was taken as ‘exhaustion point’. The time corresponding to 
breakthrough and exhaustion points with respective volumes of water treated are shown in Table 1.  The data 
showed that the increase in bed depth increased the volume of treated water at breakthrough and exhaustion 
points.  This could be due to the availability of more adsorbent binding sites with the increase of bed depth [18].  
However reduction in adsorption capacity of As(V) was observed with increased bed heights which could be 
due more active sites of the adsorbent may be remained inaccessible for adsorption of As(V) ions [19]. 
 
Effect of initial As(III) concentration 

The performance of Ce4ZP column for influent As(V) concentrations of 25 and 50 mg/L for the bed depth of 
1.0 cm at 0.5 mL/min are shown in Fig. 2 and the breakthrough and the exhaustion data are shown in Table 1. 
The breakthrough time and time of exhaustion for 50 mg/L As(V) concentration obtained were 120 and 220 min, 
respectively which are lower compared the values of 180 and 360 min for corresponding concentration of 25 
mg/L.  The quantities of treated water at breakthrough were also reduced to 60 mL for 50 mg/L concentration, 
compared to 90 ml for 25 mg/L As(V) concentration.  However the column adsorption capacities obtained was 
higher for higher concentrations.  A decrease in breakthrough as well as time of exhaustion at higher initial 
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concentration may be due to the rapid exhaustion of the adsorption sites since a higher concentration gradient 
caused a faster transport of ions as a result of increase in diffusion coefficient [20]. 
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Fig.1  Breakthrough curves of As(V) adsorption on Ce4ZP for different bed 

depths (initial As(V) conc. = 25 mg/L, flow rate = 0.5 mL/min). 
 
 

Table 1.  The volumes water treated at different bed depths, initial As(V) concentrations and flow rates 
 

Bed 
depth 
(cm) 

Initial 
concentrat

ion 
mg/L 

Flow 
rate 

ml/min 

Break-
through 

time (min) 

Time of 
exhaustio
n (min) 

Volume of 
water treated 

at 
breakthrough 

(ml) 

Volume of 
water treated 

before 
exhaust (ml) 

Adsorptio
n capacity 

(mg/g) 

1.0 25 0.5 180 360 90 180 6.8 
1.5 25 0.5 260 440 130 220 6.4 
2.0 25 0.5 380 560 190 280 5.9 
1.0 50 0.5 120 220 60 110 8.1 
1.0 25 1.0 80 260 40 130 4.3 

 
 
 
Effect of flow rate 

The effect of flow rate was investigated at 0.5 and 1.0 mL/min for an influent As(V) concentration of 25 mg/L, 
bed depth of 1.0 cm and column diameter of 1 cm.  The breakthrough curves for different flow rates are shown 
in Fig. 3. The quantity of water treated at breakthrough point and exhaust point are shown in Table 1. There is a 
reduction in the adsorption capacity of Ce4ZP with increase in flow rate.  This may be due to relatively low 
contact time between the adsorbate and adsorbent there by reducing the diffusion of As(V) ions into pores of 
Ce4ZP [21].  Also, at higher flow rates, the movement of adsorption zone along the bed is faster which in turn 
reducing the time for adsorption of As(V) ions on adsorbent bed. 
 
Bed depth service time model (BDST) 

According to Hutchins only three column tests are necessary to collect data required for column design using 
BDST model.  The bed depth (x) and service time (t) can be express as [17]: 
 

t = ax  +  b       (1) 
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where  

a = slope = 
VC

N
0

0       (2) 

b = intercept = ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−1ln1 0

0 BC
C

KC
     (3) 

 
where C0 = initial solute concentration (mg/L); CB desired solute concentration at breakthrough (mg/L); K 
adsorption rate constant (L/mg min); N0 adsorption capacity (mg solute/L sorbent); x = bed depth of sorbent 
(cm); V = linear flow velocity of feed to bed (cm/min); and t = service time of column under above conditions 
(min).   
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Fig. 2  Effect of initial concentrations on the breakthrough curves for As(V) 
 adsorption on Ce4ZP.  Bed depth = 1.0 cm and flow rate = 0.5 mL/min. 
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Fig. 3   Effect of flow rates on the breakthrough curve of As(V) adsorption on 
 Ce4ZP.  Bed depth = 1.0 cm and initial As(V) conc. = 10 mg/L.  
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From breakthrough times corresponding to C/C0 = 0.002 (0.2% saturation) and the exhaust times corresponding 
to C/C0 = 0.9 (90% saturation) for bed depth of 1.0, 1.5 and 2 cm, a plots service time versus bed depth for 
0.2 % breakthrough and 90% saturation of Ce4ZP bed were made and given in Fig. 4.  The equations of these 
lines are: 
 

t = 200x  +  153.33  (90% saturation)    (4) 
 

t = 200x  -  26.667  (0.2% saturation)    (5) 
 
Since those lines were parallel the equations can be used to predict the service time at breakthrough and at 
exhaustion for different flow rates and initial influent concentrations for practical used as discussed below [17].   
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Fig. 4.  Bed depths versus service time plot at 0.2% and 90% saturation of Ce4ZP 
   fixed bed.  Initial As(V) 25 mg/L, flow rate 0.5 mL/min. 

 
 
 
Prediction of service times of columns under new operating conditions using BDST model 

 

New flow rate 

According to BDST approach (equation 1) , if the value of slope ‘a1’ is determined for one flow rate ‘f1’, value 
of  ‘a2’ for the other flow rate ‘f2’ can be calculated as [21]: 
 

2

1
12 f

faa =        (6) 

In this case the value of intercept ‘b’ is not affected significantly with flow rates. For flow rates of 1.0 mL/min, 
the calculated value of ‘a2’, is 100.  With this value the BDST equation for flow rate of 1.0 mL/min can be 
written as: 
 

t = 100x + 153.33 (for 90% saturation)     (7) 
 
t = 100x − 26.667 (for 0.2% saturation)     (8) 

 
From Eqs. (7) and (8), the breakthrough and exhaust times for new flow rate of 1.0 mL/min at a bed depth of 
1.0 cm were calculate and presented in Table 2.  The data show that the experimental and theoretical values are 
well comparable with error less than 10%. 
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New concentration 

From the BDST equation of the experimental data of a solute concentration C1, it is also possible to predict the 
equation for another concentration C2 as [17]  
 

 a2 =  
2

1
1 C

Ca       (9) 

 

  
1)/Cln(C
1)/Cln(C

C
Cbb

B1

F2

2

1
12 −

−
=     (10) 

  
where a1 is the slope at concentration C1; a2 the new slope at concentration C2; b1 the intercept at concentration 
C1; b2 the new intercept at concentration C2; CF the effluent concentration at influent concentration C2 and CB is 
the effluent concentration at influent concentration C1.  For As(V) concentration of 50 mg/L, the values of a2 
and b2 calculated from Eqs. (9) and (10) at breakthrough are 100 and −3.63 and for exhaust are 100 and 80.56, 
respectively.  The equations of service time/bed depth for the new concentration can be written as 
 
 

t = 100x + 80.56  (for 90% saturation)    (11) 
 
t =  100x − 3.65  (for breakthrough)     (12) 
 

The theoretical exhaust time and breakthrough calculated from Eqs. (11) and (12) are 96 and 180 min, 
respectively, which are comparable to the experimental values (with errors less than 10%) as shown in Table 2.  
These equations can be used to prediction service times for different As(V) influent concentrations with 
acceptable accuracy. 
 
Table 2  Comparison of the experimental service times with theoretical service times predicted using BDST 

model 
 
Flow 
rate 

ml/min 

Influent 
concentration 

mg/L 

Breakthrough time 
min 

Exhaust time 
min 

Experimental Theoretical Error 
(%) 

Experimental Theoretical Error 
(%) 

1.0 25.0 80 73 8 260 253 3 
0.5 50.0 100 96 3 200 180 9 

 
Conclusion 

The adsorption of As(V) on Ce4ZP in a fixed bed, was observed strongly depending on the influent flow rate, 
initial concentration and bed depth of column.  Increase in bed depth enable more water can be treated, but with 
a slight reduction in column capacity. The quantity of treated water and adsorption capacity were found higher 
at a lower flow rate.  At higher influent concentration, the adsorption capacity was higher. The service times 
predicted from the theoretical BDST equations agreed well with the service time obtained experimentally at 
different concentration and flow rate. The results suggest the practical applicability of Ce4ZP in As(V) removal 
in fixed bed columns. 
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Abstrak 

Penjerapan insektisid klorpirifos (rumusan kormersil berjenama Kensban®, 20% bahan aktif) pada tiga jenis siri tanah (0-25cm) 
dari kebun sayur-sayuran di negeri Terengganu, Malaysia telah dikaji menggunakan kaedah penjerapan kelompok. Analisis 
insektisid dijalankan menggunakan kaedah kromatografi gas dilengkapkan dengan pengesan nitrogen and fosforus.  Keputusan 
menunjukkan bahawa tanah yang mengandungi lebih banyak jirim organik dan lempung mempunyai keupayaan menjerap 
insektisid yang lebih kuat.  Selain itu, pH tanah juga mempengaruhi keupayaan penjerapan insektisid di mana penjerapan adalah 
lebih tinggi pada tanah yang mempunyai nilai pH yang rendah.  Secara keseluruhannya, kandungan jirim organik , kandungan 
lempung dan pH memainkan peranan yang penting dalam penjerapan insektisid klorpirifos.  Walau bagaimanapun, tidak boleh 
dinafikan bahawa keupayaan penjerapan yang diperolehi dalam kajian ini mungkin juga dipengaruhi oleh interaksi di antara 
klorpirifos, pelarut, pengemulsi, air dengan tapak penjerapan tanah memandangkan klorpirifos yang digunakan adalah formulasi 
komersil.   
 
Kata kunci: penjerapan, klorpirifos, insektisid organofosforus, tanah pertanian, GC-NPD 

 
Abstract 

In this study, the adsorption of commercially formulated chlorpyrifos (trade name Kensban®, 20% a.i.) in three soil samples (0-
25cm depths) collected from vegetable farms in the state of Terengganu, Malaysia has been investigated using a batch technique.  
Analysis of the insecticide was carried out using gas chromatography equipped with nitrogen and phosphorus detector.  Result 
indicated that, soils contained higher organic matter and clay content exhibited a much stronger adsorption affinity for the 
insecticide.  In addition, soil pH was also observed to play a role in influencing the adsorption affinity of this insecticide where a 
higher adsorption was observed for soils with lower pH values.  Results from this study clearly showed that, in agreement with 
previously reported studies, soil properties particularly organic matter content, clay content and pH play an important role in 
controlling the sorption behaviour of chlorpyrifos insecticide.  However, it must be conceded that the measured adsorption in this 
study might also be influenced by a number of processes occurred in the soil, such as complex interaction between chlorpyrifos, 
solvent, emulsifier, water and the soil sorption sites since the applied chlorpyrifos was a commercial formulation.   
 
Keywords: adsorption, chlorpyrifos, organophosphorus insecticide, agricultural soil, GC-NPD 

 
Introduction 

Chlorpyrifos (O,O-diethyl-O-3,5,6-trichloro-2-pyridyl phosphorothionate) (Figure 1) is a broad-spectrum 
insecticide whose mode of activity is as a cholinesterase inhibitor.  It is used to kill a wide variety of insects 
including cutworms, corn rootworms, cockroaches, grubs, flea beetles, flies, termites, fire ants, and lice by 
disrupting their nervous system.  It is also used as a soil treatment (pre-plant and at planting), as a seed treatment 
and as a foliar spray, directed spray and dormant spray.  It has been speculated that the bioaccumulation ability of 
chlorpyrifos and other organophosphorus pesticides in living tissues may spell a potential environment risk to 
marine organisms and humans [1].  Recently, the U.S. Environmental Protection Agency (USEPA) and the 
manufacturers of chlorpyrifos have agreed to eliminate nearly all-household applications of chlorpyrifos, but 
agriculture use continues [2].  Because of its low water solubility and relatively high log Kow (Table 1), the sorption 
of chlorpyrifos will play a crucial role in determining its fate and transport in the environment.  This adsorption 
process in turn, is influenced by the soil properties, chemical nature of the insecticide and also climatic factors.  
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Although the sorption behaviour of this insecticide has been well studied under temperate climate, similar 
information under tropical climate is still limited, especially on formulated chlorpyrifos.  Several reports have been 
published in recent years on the dissipation of chlorpyrifos in Malaysian soils [3-4] but very limited report on 
adsorption study.  The objective of this study was to investigate the adsorption of chlorpyrifos in selected 
agricultural soils of Malaysia in order to provide data to assess the potential risk of pollution to the environment.  
 

 
 

 
 

Figure 1: Structure of chlorpyrifos. 
 
 
 

Table 1: The physical and chemical properties of chlorpyrifos. 
 

Insecticide Melting 
point (oC) 

Molecular 
weight 

Vapour pressure 
(mPa at 25oC) 

Water solubitily 
(ppm at 25oC) 

Log Kow  
(at 25oC) 

chlorpyrifos 41-43 350.6 3.35 2 4.98 
 
 

Materials and methods 

Three surface (0-25cm) soil samples were obtained from vegetable farms in Marang (Nami and Chempaka series) 
and Kuala Terengganu (Sabrang series).  Bulk soils were air-dried, ground and passed through a 2mm sieve.  Sub-
samples of freshly collected soils were dried at 110oC until there is no significant change in weight (approx. 24h) to 
determine the initial soil moisture content.  Soil pH was determined in a 1:2.5 soil/water suspension; soil organic 
matter (OM) by Walkley and Black’s Titration Method [5]; particle size distribution by using pipette method; clay 
mineralogy analysed using Philiphs X-ray diffraction system. 
 
The commercial formulation of chlorpyrifos (trade name Kensban®) which contains 20% of active ingredient was 
used in this study.  All insecticide solutions were prepared in 0.02M calcium chloride and its concentration was 
determined by using ThermoFinnigan Gas Chromatography (GC) fitted with ATTM-1 Capillary Column (0.25µm x 
0.25mm x 30m Alltech) and a Nitrogen Phosphorus Detector (NPD).   The column temperature was programmed 
from 125 to 230oC at rate of 30oC/min, held at 230oC for 6 min, the detector and injector temperatures were 300 and 
200oC, respectively.  Adsorption study was carried out using a batch equilibrium method.  Triplicate samples of the 
air-dried soil (1g) were equilibrated with 5ml of insecticide solutions (initial concentration, Ci = 0-25 mg/L), shaken 
for 2h and 24h, allowed to stand followed by centrifugation.  The clear supernatants obtained were extracted three 
times using n-Hexane (10mL, 5mL and 5mL, respectively) and analysed for their insecticide content using GC-NPD 
technique described above.  The amount of insecticide adsorbed by the soil was estimated as the differences 
between that initially present in solution (Ci) and that remaining after equilibration with soil (Ce).   
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Results and discussion 

The physicochemical properties of the soils are given in Table 2.  The Chempaka soils was observed to have 
significantly lower (p<0.05) pH value compared to other soil series.  Results showed that all soil studied exhibited 
similar OM content and statistical analysis showed the differences were insignificant (p>0.05).  Clay mineral 
analysis showed that muscovite-3, kaolinite and gibbsite is the most abundant mineral in soil samples.        
 
 

Table 2: Physicochemical properties of soil samples. 
 

Soil moisture 
content (%) 

pH in 
water 

pH in 
CaCl2 

% 
OM 

% 
sand 

% 
clay 

% 
silt texture Clay 

mineralogy* 

Chempaka 20.4 4.52 4.07 2.08 30.1 31.7 38.2 Clay loam M, K, Q 

Sabrang 13.9 4.91 4.34 1.92 69.6 10.1 20.3 Sandy 
Loam M, K, G, Q 

Nami 15.7 5.32 4.51 1.94 48.5 10.2 41.3 Loam K, G, Q 
*M = Muscovite-3, K = Kaolinite, G = Gibbsite, Q = Quartz 

 
 

The adsorption isotherms for chlorpyrifos in the soil samples are shown in Figure 2 and Figure 3.  Two different 
equilibration times (2h and 24h) has been chosen for comparison.  The distribution coefficient (Kd), which 
represents the partitioning of the insecticide between liquid (Ce) and solid phases (Cs) in equilibrium and typically 
known as a linear adsorption isotherm, was calculated using equation Cs = KdCe. The empirical Freundlich 
adsorption isotherm (Cs = KfCe 1/n), which allows the evaluation of experimental constants Kf and n, was also 
calculated using the lineariased form of the equation (Log Cs = Log Kf + 1/n Log Ce). The Freundlich isotherm 
takes into consideration the non-linearity of sorption at increasing concentration and the value of Kf will equal Kd 
when n equals 1. The values of the Kd and Freundlich constants Kf and n thus obtained are given in Table 3. 
Evaluation of the values shows that the linear adsorption isotherm could fit the data better than the Freundlich 
adsorption isotherm.   

 
 

Table 3: Distribution coefficient (Kd) and Freundlich constants (Kf and n) for adsorption of chlorpyrifos  
on various soil samples. 

 
Equilibration time 

(hour) Soil Kd R2 Kf n R2 

2h 
sabrang 195 0.62 153 1.36 0.32 

chempaka 241 0.76 200 1.26 0.56 
nami 185 0.30 0.71 -0.21 0.30 

       

24h 
sabrang 289 0.69 700 0.56 0.38 

chempaka 346 0.42 82.0 6.29 0.00 
nami 231 0.84 493 0.57 0.83 

 
 
 

The adsorption capacity of the soils towards chlorpyrifos was evaluated by comparing the values of Kd obtained.  
The isotherm was S-type for all samples investigated indicating a low herbicide-soil affinity at low herbicide 
concentrations. However, once the chlorpyrifos molecule begins to adsorb it is easier for additional amounts to 
become stabilized on the soil surface and lead to enhanced affinity of the soil surface for chlorpyrifos with 
increasing amounts adsorbed.  Great difference between Kd values obtained using 2h and 24h equilibration time 
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indicated that the adsorption of formulated chlorpyrifos is characterized by a rapid initial process, followed by a 
slower stage and needed longer time to reach equilibrium. 
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Figure 2: Adsorption isotherm of chlorpyrifos in soil samples with 2h equilibration time. 
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Figure 3: Adsorption isotherm of chlorpyrifos in soil samples with 24h equilibration time. 
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In order to assess the factors that affect the adsorption of formulated chlorpyrifos by soil, the Kd values were 
correlated with the soil properties (Table 4).  Chempaka soil with higher OM and lower pH exhibited the highest 
value of Kd (for both 2h and 24h equilibration time) compared to Sabrang and Nami soil series.  OM has been 
reported to be one of the major factors that influence the extent of pesticide adsorption on soils and results obtained 
in this study are in agreement with earlier reports [6-8].  The correlation coefficient was found to be 0.96 and 0.81 
for 2h and 24h adsorption, respectively, indicating strong positive correlation between OM and adsorption even 
though the OM content in soil samples was low.   
 
It has also been reported that for soils with low OM content the interactions of pesticides with soil inorganic matrix 
may become more important [9].  Correlation analysis between Kd and % clay in this present study gives value of 
0.99 and 0.86 for 2h and 24h equilibration time, indicating strong correlation between clay content and adsorption 
affinity of chlorpyrifos. However, the correlation was not statistically significant (p>0.05).  Interaction study of 
acephate (an organophophorus insecticide) with montmorillonite (a mineral of the group of smectites) by Gonzalez-
Pozuelo et al. in 1991 [10] showed that the pesticide is adsorbed into the interlayer space of the smectite forming a 
stable complex.  Similar finding had been reported by Hernández-Soriano et al. [9], in which the adsorption of 
malathion (an organophophorus insecticide) was enhanced for clayey soils.  However, soil samples used in this 
study are dominated by kaolinite, gibbsite, muscovite-3 (mica group) and quartz which do not contain the 
microporous structure that is present in montmorillonite.  Haderlein and Schwarzenbach [11] found a specific 
adsorption of nitroaromatic compounds (NACs) to the silanol surface sites of kaolinite.  They proposed that an 
electron donor-acceptor complex (i.e., a π complex) between electron donor functions at the siloxane surface and 
the aromatic ring system of the NAC is responsible for the observed specific adsorption.  This may also be a 
plausible mechanism for the adsorption of the uncharged chlorpyrifos investigated in this study.  

 
 

 
Table 4: Correlation coefficients between Kd values and soil parameter. 

Soil parameter r 
2h equilibration time 24h equilibration time 

% organic matter 0.96 0.81 
% clay 0.99 0.86 

pH in CaCl2 -0.98 -0.99* 
    *: correlation is significant at the 0.05 level. 

 
 

Study by Van Emmerik et al. [2] showed that the adsorption of chlorpyrifos on gibbsite is dependent on pH 
(adsorption decreased when pH increased) but only has little effect on chlorpyrifos adsorption by kaolinite.  The 
result obtained in this present study showed that soil with lower pH (Chempaka series) exhibited higher adsorption 
capacity for chlorpyrifos, with correlation coefficient of -0.98 and -0.99 between Kd and pH (for 2h and 24h 
equilibration time, respectively).  The reduction in chlorpyrifos adsorption as the pH increases might be due to an 
increase in negative surface charge at the edges of clay.  
 
However, it must be conceded that the measured adsorption in this study may also involve a number of other 
processes that occurred in the soil because the chlorpyrifos applied was a commercial formulation containing 
aromatic hydrocarbons as a co-solvent.  Complex interaction between chlorpyrifos, solvent, emulsifier, water and 
the soil sorption sites may have occurred, in which chlorpyrifos and solvent may compete for the same sorption sites.  
Since chlorpyrifos has greater affinity for solvent than water (Log Kow = 4.98), solvent adsorption at soil surface 
may also enhance chlorpyrifos adsorption at that site.  Therefore, the measured sorption may be the result of simple 
sorption, competitive or cooperative sorption involving chlorpyrifos and solvent.  Comparison with previous studies 
using non-formulated chlorpyrifos (Baskaran et al., 2003; Huang, 1999) showed that formulated chlorpyrifos 
exhibited higher adsorption coefficient (Kd).  This result indicated that the presence of additive(s) in commercial 
formulation could enhance chlorpyrifos adsorption at soil surface.     
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Conclusions 

Results obtained in present study indicated the influences of soil organic matter content, clay content and soil pH on 
the adsorption of formulated chlorpyrifos in selected Terengganu agricultural soils.  In general, soils with higher 
organic matter content, higher clay content and lower pH value exhibited stronger adsorption affinity for the 
insecticide.  Consistent with previously reported work, soil properties particularly organic matter content, clay 
content and pH play an important role in controlling the sorption behaviour of chlorpyrifos.  However, the measured 
adsorption in this study may also involve a number of processes that occurred in the soil because the chlorpyrifos 
applied was a commercial formulation.  Complex interaction between chlorpyrifos, solvent, emulsifier, water and 
the soil sorption sites may have occurred, in which solvent may enhance chlorpyrifos adsorption at that site.  
Although formulated chlorpyrifos is mainly used for environmental fate studies rather than sorption studies, results 
obtained in this study suggest that mechanisms for sorption of formulated chlorpyrifos should also be more 
thoroughly investigated as sorption processes will undoubtedly influence the fate of this pesticide in the 
environment.  
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Abstract 

A preliminary study was conducted to determine the residues of organophosphorus insecticides, Chlorpyrifos and 

Malathion, in soils of a local 18-hole golf course in order to evaluate their dissipation rate and half-life values under field 

condition. Soils samples were collected from 18 stations (greens) three times within a period of one month after its 

application. The insecticide residues were extracted using soxhlet technique and determined using gas chromatography fitted 

with a nitrogen phosphorus detector (GC-NPD).  Results obtained indicated that dissipation of these insecticides were fairly 

fast, with amount dissipated within 30 days ranging from 65.0 to 96.6 % for chlorpyrifos and 63.5 to 95.8% for malathion.  

The dissipation of these insecticides from the soils seemed to follow a first order kinetic with half-life values ranging from 

3.4 to 15.3 days with average of 6.5 days and 6.8 to 31.3 days with average of 13.5 days for chlorpyrifos and malathion, 

respectively. It appears that soil physico-chemical properties such as organic matter content, pH, particle size distribution, 

cationic exhange capacity and moisture content do not exert an influence on the dissipation of these insecticides. 

 

Keywords: chlorpyrifos, malathion, residues in soils, golf course, Kuala Terengganu 

 

Abstrak 

Satu kajian awal telah dilakukan bagi menentukan residu insektisid organofosforus, Klorpyrifos dan Malathion, dalam tanah 

padang golf 18-lubang tempatan bagi menilai kadar lesapan dan separuh-hayat insektisid tersebut pada keadaan lapangan.  

Sampel tanah diambil dari 18 stesen (‘greens’) sebanyak tiga kali sepanjang satu bulan selepas racun tersebut digunakan.  

Residu insektisid diekstrak dengan menggunakan teknik soxhlet dan ditentukan dengan kromatografi gas dengan pengesan 

nitrogen fosforus (GC-NPD).   Keputusan yang didapati menunjukkan lesapan insektisid ini adalah cepat, iaitu dalam 

jangkamasa 30 hari, 65.0 hingga 96.6 %  klorpirifos dan 63.5 hingga 95.8% malathion telah melesap.  Kelesapan kedua-dua 

insektisid ini dari tanah adalah mengikut kinetik tertib pertama dengan nilai separuh-hayat masing-masing di antara 3.4 

hingga 15.3 hari  dengan purata 6.5 hari dan 6.8 hingga 31.3 hari dengan purata 13.5 hari, bagi klorpirifos dan malathion.  

Kajian ini juga menunjukkan ciri fizik-kimia tanah seperti kandungan bahan organik, pH, taburan saiz partikel, kapasiti 

penukaran kation dan kandungan lembapan tidak mempengaruhi lesapan insektisid-insektisid tersebut. 

 
Kata kunci: klorpirifos, malathion, residu dalam tanah, padang golf, Kuala Terengganu 

 
Introduction 

The demand for golf is rapidly expanding worldwide and the number of golf courses around the world has 

increased tremendously; for instance, it is estimated that in the United States alone, there are approximately 

16,000 golf courses across the country [1]. In the South East Asian countries of Thailand, Malaysia, Indonesia 

and the Philippines, the popularity of golf has led to the spread of golf tourism in these countries where golf 

courses has become a central part of many hotels and resorts development projects. In Malaysia, it is also now 

becoming a trend to use golf courses as a central part of many new housing development projects; in Kuala 

Terengganu alone, there are at least two housing developments with such concept.  

 

Golf courses are highly managed locations. Generally, turf grass receives almost daily applications of irrigation 

water and frequent applications of fertilizers in order to stimulate plant growth. In addition pesticides are used 

in large quantities on turf grass to control damage caused by insects, weeds and fungus-borne diseases.  All 

these additions are needed in order to maintain a high quality turf grass playing surface. Golf course is often 

presumed to be a significant contributor to nonpoint source water pollution and an increased attention on the 

possible environmental effects of chemical applications on golf courses has occurred with the increase in 
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public’s concern for the environment. This has led to several studies being conducted worldwide particularly in 

the United States on these issues [2-12]. 

 

This paper presents results of a preliminary study conducted to determine residues of organophosphorus 

insecticides, Chlorpyrifos and Malathion, in soils of a local 18-hole golf course in order to evaluate their 

dissipation rate and half-life values under field condition.  It is hope that the findings reported would provide 

some baseline information on the fate of pesticides applied on golf courses.  

 

Experimental 

Study area and sampling sites 

The 18 holes golf course is located in Tok Jembal, approximately 15km north of Kuala Terengganu. The golf 

course was built on a reclaimed municipal landfill. The site was initially a swamp land used by Kuala 

Terengganu municipal as their landfill site and when the landfill was decommissioned, it was reclaimed and 

converted into a golf course in the late 90’s. The golf course is actually part of a housing development project 

known as Kuala Terengganu Golf Resort managed by KT Golf Resort Berhad, a subsidiary of UDA Holdings 

Sdn Bhd.  A variety of pesticides are applied to the turfgrass on this golf course (Table 1) and two types of 

insecticide was chosen for this study viz. malathion and chlorpyrifos.  

 

 

Table 1. List of pesticides used on the golf course 

Pesticides 

Classification 

Trade Name Active Ingredients 

Insecticides ACM DIAZINON Diazinon 55% 

CH MALAXION Malathion 88% 

DURSBAN 75 Chlorpyrifos 21.2% 

KONSEP 550 Chlorpyrifos 46.3%, Cypermethrin 4.6% 

 

Herbicides STARANE 200 Fluroxypyr, 1-Methyl Heptyl Ester 29.6% 

FUSILADE Fluazifop-butyl 26%  

(pyridyloxyl phenoxy propionic ester)   

MEWAHTOX 2,4- Butyl Ester 45% 

 

Fungicides 

 

Ultracide 0.3EC Methidation 20.6% 

KENLATE Benomyl 24.7%

TERAZOLE 25EC Etridiazole 24.7% 

TERRACHLOR 75 wp Quintozene 75% 

Cuprawit 85wp Copper oxychloride 85% (metallic copper 50%) 

CH MANCOZEB Zinc 62%, Manganese ion 16% 

Bavistin (BASF)  Carbendazim 50% 

 

 

 

Surface soils (0-5 cm) were collected from a total of 18 sampling sites (Fig. 1) using metal spades; each 

sampling site represents one green. Samplings were carried out three times, viz. one day (1st sampling), fifteen 

days (2nd sampling) and thirty days (3rd sampling) after pesticide application. The soils collected were packed in 

plastic bags and transported immediately to the laboratory and once in the laboratory, they were kept cool in the 

fridge until further analysis to minimise degradation. Analysis of pesticides in soils was carried out using a 

method based on USEPA method 3542B [13]. Briefly, pesticides were soxhlet extracted using 1:1 mixture of 

hexane and acetone for 12hrs and the extracts concentrated using rotary evaporator. Determination and 

quantification of the two pesticides were carried out using gas chromatography fitted with nitrogen phosphorus 

detector (GC-NPD) based on the retention times compared to that of external malathion and chlorpyrifos 

standards.    
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Figure 1. Locations of soil sampling stations 

 

The GC-NPD operating conditions were modified slightly from the recommended method in order to improve 

separation of the two peaks of interest (Fig 2) and they were as follows: 2 µl extract was injected onto ETX-5 

column (30m x 0.25 mm i.d; 0.25μm filmed thickness); injection temperature was set at 250°C; column 

temperature was programmed in the following manner: hold at 120°C for 2 min, first temperature ramp of 120 - 

170°C at 20°C min-1 followed by the second and third temperature ramp of 170 - 180°C at 0.5°C min-1 and 180 

– 270°C  at 30°C min-1 before maintaining at 270°C for 1 min resulting in a total run time of 28.5 mins; helium 

was used as the carrier gas with a flow rate at 1.0ml. min-1; detector temperature was set at 300°C. Recoveries 

of malathion and chlorpyrifos from six replicates of soils fortified with 10 µg/g (soil dry weight) insecticide 

standards was between 88.5 to 99.9% and 78.5 to 85.6% with mean recovery of 95.1% (+3.7%) and 83.4 % 

(+2.6%), respectively. Recoveries obtained for malathion were within those recommended by the EPA method 

(>85%). Recoveries for chlorpyrifos on the other hand were slightly below those recommended by EPA (85%) 

but are still acceptable since method reproducibility is very good.   

 

 
 

Figure 2. Typical chromatogram of malathion (18. 90 min) and chlorpyrifos (19.58) obtained 
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Physical characteristics, viz. particle size analysis (PSA), total organic content, cationic exchange capacity 

(CEC), moisture content and pH were determined using procedure described by Lim, H.K. [14].   

 

Results and Discussion 

Table 2 shows the results of soil physical-chemical characteristics. Soil texture for the whole course is sandy 

with very low silt and clay content. Generally, soil organic carbon content was low whilst the moisture content 

of the course was relatively high; very small variation of organic carbon and moisture content were found in 

these soils and statistical analysis showed that the variation between the 18 greens were insignificant. On the 

hand, the soil pH and CEC values showed significant variation (p<0.05) with sampling stations. The pH values 

ranged from 3.48 to 4.65 with mean value of 4.25; generally these soils were in the acidic range and it is not 

surprising that the greens on this golf course were regularly limed by the green keeper as part of the turf 

treatment and management. The CEC was found to range from 0.0257 to 0.0766 cmol/kg. Very strong 

correlation between these two soils parameters (r= 0.95) was found and this is generally an indication that pH 

exerts a strong influence on the CEC of the soils. 

 

 

Table 2. Physical-chemical characteristics of turf soils  

 

Soil characteristics 

 

Results 

Organic matter content* 2.85 + 0.08% 

Moisture content* 10.3 + 0.19% 

Soil texture Sandy (<2.23 + 0.66% silt+clay content) 

pH*  4.25 + 0.29 

Cationic exchange capacity* 0.0579 + 0.0173 cmol/kg 

  * Mean value 

 

 

Table 3 summarises the results obtained for chlorpyrifos and malathion residues in soils within 30 days after 

their application on the greens while Figure 3 and 4 shows their distribution in soils with sampling stations for 

the three samplings.  

 

 

Table 3. Concentration range of chlorpyrifos and malathion residues in soils 

Days after application Malathion / ppm Chlorpyrifos / ppm 

0 0.08 – 2.36 0.74 – 2.24 

15 0.02 – 0.09 0.08 – 0.43 

30 0.02 – 0.05 0.02 – 0.18 
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Figure 3. Concentration of chlorpyrifos residues in soils for a period of 30 days after application 
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Statistical analysis (ANOVA) shows that differences observed between stations were insignificant (p>0.05) 

whilst significant differences were obtained (p<0.05) between the three samplings for both insecticides. These 

results show a fairly rapid dissipation of the two insecticides under field condition where 65.0-96.6% of the 

chlorpyrifos and 63.5-95.8% of the malathion have dissipated from the top soils within 30 days after their 

application. Correlation analysis between measured soil physical-chemical characteristics and the insecticides 

concentrations and their dissipation rates suggests that these parameters do not play an important role in 

influencing the dissipation of the two insecticides from the soils. 
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Figure 4. Concentration of malathion residues in soils for a period of 30 days after application 
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Figure 5. Half-life of chlorpyrifos and malathion under field condition 
 

 

 

Using the data obtained, the half-lifes of chlorpyrifos and malathion were calculated assuming the dissipation 

reaction follows a first order reaction kinetic. The equation used was C=Coe
kt where C is the concentration of 

insecticide after time t, Co is the apparent initial concentration, k is the rate constant and t is time in days. A plot 

of ln C against time would yield a negative slope; the rate constant can thus be obtained from the slope. Good 

linearity was obtained with R2 value greater than 0.95 for all the stations suggests that the dissipation rate for 

these two insecticides actually follows the first order kinetic.  
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For first order reaction, the half-life (t1/2) of a given insecticide is calculated using the equation, t1/2 = 0.693/k. In 

this study, the half-life for chlorpyrifos was relatively short with values ranging from 3.4 to 15.3 days with 

mean value of 6.5 + 3.1 days while for malathion, a significantly longer half-life was obtained with values 

ranging from 6.8 to 31.3 days with mean value of 13.5 + 5.6 days (Figure 5).     

 

Conclusions 

Results show that dissipation of the two insecticides were relatively fast with chlorpyrifos dissipating faster than 

malathion under field conditions. It was estimated that 65.0-96.6% of chlorpyrifos and 63.5-95.8% malathion 

dissipated after 30 days of application to the soils. The dissipation rate of these insecticides appeared to follow a 

first order kinetic with half-life values ranging from 3.4 to 15.3 days for chlorpyrifos and 6.8 to 31.3 days for 

malathion. Mean half-life calculated for the two insecticides was 6.50 and 13.5 days, respectively. It appears 

that soil physico-chemical properties viz. organic matter content, pH, particle size distribution, cationic exhange 

capacity and moisture content do not exert an influence on the dissipation of these insecticides. 
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Abstract 

Three derivatives of chitosan namely lauryl chitosan, lauryl succinyl chitosan and lauryl carboxymethyl chitosan had been 
synthesized in this study. The synthesis of lauryl carboxymethyl chitosan and lauryl succinyl chitosan require two steps of 
reaction whereas for lauryl chitosan only one  step was required. Lauryl carboxymethyl chitosan was prepared by reacting 
chitosan with monochloroacetic acid to form carboxymethyl chitosan. The synthesis of lauryl succinyl chitosan involved the 
reaction between chitosan with succinic anhydride to form succinyl chitosan. After that, the carboxymethyl chitosan and succinyl 
chitosan were reacted with dodecanal to form lauryl carboxymethyl chitosan and lauryl succinyl chitosan, respectively. The 
addition of lauryl group onto the derivative aim at producing chitosan derivatives having both hydrophobic and hydrophillic 
properties. The chemical structures of the derivatives were characterized by Fourier Transform Infrared (FTIR), 1H Nuclear 
Magnetic Resonance (1H NMR) and Elemental Analysis (CHNS). In the IR spectrum of carboxymethyl chitosan and succinyl 
chitosan, peaks at 1645-1630 cm-1, representing C=O were clearly seen. After the substitution of lauryl group on the derivatives, 
the presence of peaks at 2930-2860 cm-1 indicates the C-H stretching of lauryl group. The presence of lauryl group was further 
supported by the presence of peaks at about 0.8-1.7 ppm in the 1H NMR spectra that assigned for hydrogen that attached to lauryl 
group. Elemental analysis was used to compare the derivatives prepared with the theoretical values. 
 

Keywords: Hydrophilic, Hydrophobic and Chitosan. 
 

Abstrak 

Tiga terbitan kitosan iaitu lauril kitosan, lauril karboksimetil kitosan dan lauril suksinil kitosan telah di sintesis. Proses 
penyediaan lauril karboksimetil kitosan dan lauril suksinil kitosan melibatkan dua langkah tindak balas manakala lauril kitosan 
hanya melibatkan satu langkah tindakbalas. Lauril karboksimetil kitosan disediakan dengan mensintesis karboksimetil kitosan 
terlebih dahulu melalui tindak balas kitosan dengan asid monokloroasetik. Manakala lauril suksinil kitosan pula disediakan 
dengan mensintesis suksinil kitosan terlebih dahulu melalui tindakbalas di antara kitosan dengan suksinil anhidrida. Kemudian, 
karboksimetil kitosan dan suksinil kitosan ditindakbalaskan dengan dodekenal untuk menghasilkan lauril karboksimetil kitosan 
dan lauril suksinil kitosan. Penambahan kumpulan lauril pada terbitan yang terhasil adalah bertujuan untuk menghasilkan 
terbitan kitosan yang mempunyai kedua-dua sifat iaitu sifat hidrofilik dan hidrofobik. Terbitan kitosan tersebut telah dicirikan 
dengan menggunakan Spektroskopi Inframerah (FTIR), Resonan Magnetik Nukleus (RMN) dan analisis unsur (CHNS). 
Berdasarkan data FTIR, bagi terbitan karboksimetil kitosan dan suksinil kitosan, terdapat  puncak pada 1645-1630 cm-1 yang 
menunjukkan kehadiran kumpulan C=O. Namun begitu, setelah kemasukkan kumpulan lauril pada terbitan tersebut terdapat 
kehadiran puncak pada 2930-2860 cm-1 yang menunjukkan regangan C-H pada kumpulan lauril. Puncak ini juga hadir pada 
spektrum FTIR bagi lauril kitosan. Kehadiran kumpulan lauril pada ketiga-tiga terbitan seterusnya disokong dengan kehadiran 
puncak pada 0.8-1.7 ppm pada spektrum1H- NMR. Analisis CHNS digunakan untuk membandingkan peratus unsur dalam 
terbitan yang disintesis dengan nilai teori.    
 
Kata kunci: Hidrofilik, hidrofobik dan kitosan. 

 
Introduction 

Chitosan were obtained from partial deacetylation of chitin. It compose of β-(1,4)-2-amino-2-deoxy-D-
glucopyranose(GLcN) and 2-acetamido-2-deoxy-D-glucopyranose(GLcNAc) residues. Previous studies proved that 
chitosan have various properties such as antibacterial, non-toxicity, biodegradability, haemocompatible and 
biocompatibility. All of these properties make it become an attractive biomaterial [1]. However, chitosan has poor 
solubility in water. In order to improve its water solubility, some chemical modification of chitosan was carried out 
[2]. Chemical structure of chitosan contains two hydroxyls and one amino group. The general reaction for formation 
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of lauryl derivatives chitosan was shown in Figure 1 and all chitosan derivatives  had been synthesized were listed 
in Table 1. 
 
In the past, many studies had been focused on improvement of the solubility of chitosan e.g . the insertion of 
hydrophilic group onto chitosan where the derivatives that had formed such as carboxymethyl chitosan, succinyl 
chitosan, hydroxylalkyl and many more [2]. Besides that, insertion of the hydrophobic group onto chitosan had 
formed the derivatives such as N-pentyl-chitosan, N-pentylidene-chitosan and many more[3].  Insertion of both 
groups also can be done into chitosan [4, 5, 6, 11]. 
 
In this study, substitution of both hydrophobic and hydrophilic groups into chitosan structure were performed. The 
derivatives studied were lauryl chitosan, lauryl carboxymethyl chitosan and lauryl succinyl chitosan. The 
derivatives were characterized by means of Fourier Transform Infra Red (FTIR) spectroscopy, 1H Nuclear Magnetic 
Resonance Spetroscopy (1H-NMR) and elemental analysis (CHNS). 
 

 
 Figure 1: General reaction for formation of  lauryl chitosan derivatives 

 
 

 

Table 1:  All chitosan derivatives synthesized                    

 
Derivatives of 
chitosan 

 
Reaction step 

 
A 

 
B1 

 
B2 

 
Lauryl Chitosan 

 
        Lauryl aldehyde 

 
-H 

 
-H 

 
-CH2(CH2)10CH3 

 
Lauryl 
Carboxymethyl 
Chitosan 

 
1. Monochloacetic 

acid 
2. Lauryl aldehyde 

 
-CH2COOH 

 
-H 

 
-CH2(CH2)10CH3 

 
Lauryl Succinyl 
Chitosan 

 
1. Succinic anhydride 
2. Lauryl aldehyde 

 
- C(OH)H 

(CH2)10CH3 

 
-COCH2CH2COOH 

 
-H 
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Materials and methods 

Reagents 

Chitosan powder was supplied by Chito-chem Sdn Bhd., Malaysia. All commercially available solvents and 
reagents were used without further purification. 
 
Preparation of chitosan derivatives  

Preparation of Lauryl Chitosan 
Lauryl chitosan was prepared according to the Muzzarelli et al. [14] and Ramos et al. method [6]. Chitosan (1g) was 
suspended in a water-methanol 1:1 mixture (100 mL), lauryl aldehyde (1.5g) was added and stirred for 30 min. 
Reduction was carried out with sodium borohydride solution (0.5 g dissolve in 10 ml of water) for 2h with 
mechanical stirring. The preparation was left overnight. The reaction mixture was then neutralized with HCl 5M 
solution and the lauryl chitosan was precipitated with methanol. The precipitate was filtered and washed with 90% 
methanol/water, methanol, hexane and acetone. 
 
Preparation of Lauryl Carboxymethyl Chitosan 
Carboxymethyl chitosan was prepared was prepared according to oleh Chen & Park method [7]. Chitosan (10g), 
sodium hydroxide (10g), isopropanol (50 mL) and water (50 mL) were added into a flask to swell and alkalize at a 
50°C for 1 h. The monochloroacetic acid (15 g) was dissolved in isopropanol (20 mL), added into the reaction 
mixture drop-wise for 30 min and reacted for 4 h at the same temperature, then stopped by adding 70% ethyl 
alcohol (200 mL). The solid was filtered and rinsed in 70%, 80%, 90% ethyl alcohol, and dried at room temperature. 
The product was Na salt Carboxymethyl Chitosan. (Na-CC). Addition of lauryl group to Carboxymethyl Chitosan 
was done according to the method preparation of lauryl chitosan. 
 
 Preparation of Lauryl Succinyl Chitosan 

Succinyl chitosan (SC) was prepared according to Zhu et al. method [8]. However, the solvent  had been 
changed from acetone to ethanol during the rinsing process of precipitates. 1 g of chitosan was dissolved into 200 
mL distilled water and then transferred into a flask. Succinic anhydride (0.2 g) was dissolve in acetone (20 mL) and 
added into the flask by drop-wise for 30 min at room temperature, and then the reaction was left for 4 h at 40°C. 
The reaction mixture was cooled to room temperature. The mixture precipitated in an excess of ethanol, was filtered 
to remove the solvent, and then washed with 70%, 80%, 90% ethanol, and dried at room temperature. Addition of 
lauryl group to succinyl chitosan was done according to the method preparation of lauryl chitosan. 

 
Result and discussion 

Synthesis of  chitosan derivatives 

The introduction of a hydrophobic alkyl chain onto chitosan and its derivatives leads to the formation of chitosan 
derivatives with two group which are hydrophilic and hydrophobic group. In this study, the introduction of lauryl 
group  where  C12 chain gives rise to formation of lauryl chitosan (LC), lauryl carboxymethyl chitosan (LCC) and 
lauryl succinyl chitosan (LSC). All of these derivatives, namely carboxymethyl and succinyl act as hydrophilic 
moities while lauryl groups as hydrophobic one. 
 
Characterization of derivatives 

Structure of chitosan and its derivatives were confirmed by FTIR spectra. The FTIR spectra of chitosan, 
carboxymethyl chitosan (CC), succinyl chitosan (SC), lauryl chitosan (LC), lauryl carboxymethyl chitosan (LCC) 
and lauryl succinyl chitosan (LSC) were given in Fig. 2a ,2b, 2c,2d, 2e and 2f. The main bands observed in the 
infrared spectrum of chitosan (Fig. 2a) were: (i) a broad band due to the stretching of O-H and N-H bond centred at 
3429 cm-1, (ii) a band centred at 2923 cm-1 corresponding to the stretching of C-H bonds; (iii) a band centred at 
1642 cm-1 which is attributed to the stretching of C-O bonds of the acetamide groups, named as amide I band; (iv) a 
band at 1377 cm-1 due to the symmetric deformation of CH3; (vi) the amide III band at 1321cm-1; (vii) the band 
corresponding to the polysaccharide skeleton, including the vibrations of the glycoside bonds,  C-O and C-O-C 
stretching, in the range 1148–896 cm-1 [9]. 
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Based on the IR spectra of carboxymethyl chitosan (Fig. 2b), it was found that absorption bands appear at 1634 cm-1 
and 1406 cm−1 while for succinyl chitosan (Fig. 2c) absorption bands appear at 1646 cm-1 and 1402 cm-1. Both 
bands are due to asymmetric and symmetric stretching vibration of C=O, indicating a successful substitution of 
carboxyl groups. Stretching vibration of C=O for succinyl chitosan are higher compared to carboxymethyl chitosan 
because the carbonyl group in the succinyl chitosan are in the form of amide while carbonyl group in the 
carboxymethyl chitosan are in the form of carboxylate salts [10]. 
 
Lauryl group was attached covalently to the amino groups of chitosan and carboxymethyl chitosan while for 
succinyl chitosan, lauryl group was attached at the hydroxyl group. The IR spectra for native chitosan and the 
derivatives were compared. Substitution of lauryl group onto chitosan, carboxymethyl chitosan or succinyl chitosan 
leads to two absorption band around 2923 and 2855cm-1 for C-H stretching. Besides that, bands where observed at 
1527 cm-1, 1530 cm-1 and due to deformation for amines. It proves that the substitution of chitosan by lauryl group 
occurred at N position for chitosan and carboxymethyl chitosan [10]. 
 
In addition, by comparing IR spectrum of lauryl chitosan(Fig. 2d), lauryl-CC (Fig. 2e) and lauryl-SC (Fig. 2f)  with 
IR spectrum of chitosan (Fig. 2a), carboxymethyl chitosan (Fig. 2b), succinyl chitosan (Fig. 2c), the two peaks at 
1074 and 1030 cm-1 in the derivatives were attributed to the methyl rocking and C-CH3 stretching vibration 
respectively of the lauryl group. All of these are evidences suggest that the hydrophilic group and hydrophobic 
group were introduced to chitosan [4]. 
 
The 1H NMR spectra of  CC, LCC, SC, LSC and LC were given in Fig. 3a, 3b, 3c, 3d and 3e. 1H NMR spectra  of  
lauryl chitosan (Fig. 3e): 1H NMR (CDCl3), δ=4.81(H1), δ=3.11(H2), δ= 3.40-3.66 (H3, H4, H5, H6), δ= 2.01 
(NCOCH3), δ= 0.89 (-NH-R-CH3;R=alkyl chain), δ =1.27-1.65 (-(CH2)n-CH3) [10, 12, 4, 13].  1H NMR spectra of 
carboxymethyl chitosan (Fig. 3a): 1H NMR (D2O), δ=4.80(H1), δ=3.12(H2), δ= 3.69-3.86 (H3, H4, H5, H6), δ= 
2.01 (NCOCH3), δ= 3.69-3.86 (O-CH2-COO-).  1H NMR spectra of lauryl carboxymethyl chitosan (Fig. 3b), there 
was a peak as follows: 1H NMR (CDCl3), δ= 0.88 (-NH-R-CH3;R=alkyl chain), δ =1.26-1.62 (NH-(CH2)11-CH3) ) 
[10, 12, 4, 13]. 
 
While  1H NMR spectra of  succinyl chitosan (Fig. 3c): 1H NMR (D2O), δ=4.88(H1), δ=3.12(H2), δ= 3.66-3.82 (H3, 
H4, H5, H6), δ= 1.92 (NCOCH3), δ= 2.45-2.55(NCO-CH2-COOH). 1H NMR spectra of lauryl succinyl chitosan 
(Fig. 3d), there was a peak as follows:  1H NMR (CDCl3), δ= 0.89 (-O-R-CH3;R=rantai alkil), δ =1.26-1.60 (O-
CH(OH)(CH2)10-CH3), δ =3.56 (O-CH(OH)-R) ) [10, 12, 4, 13].  1H-NMR data showed that the, lauryl group bound 
to N atom for lauryl chitosan and lauryl carboxymethyl chitosan.  While lauryl group bound to O atom 
for lauryl succinyl chitosan.  
 
The degrees of substitution were calculated by comparing the C and N ratio obtained from element analysis in each 
derivative. The increase in the C/N ratio indicates the increasing carbon in monosaccharides include one nitrogen. 
For example, in the case of carboxymethylation, carboxymethyl group includes 2 carbons; therefore, the degree of 
carboxymethylation was estimated from the increasing-molar ratio/2 [11]. While, the substitution of lauryl group  
involve 12 carbons; so the degree of laurylation was estimated from the increasing-molar ratio/12. The degrees of 
carboxymethylation, succinylation and laurylation were shown in Table 2. Between all the three derivatives, lauryl 
chitosan show the highest degree of substitution (DS). This is because; lauryl chitosan only involved one step of 
preparation while lauryl carboxymethyl chitosan  and lauryl succinyl chitosan involve two step of reaction. Besides 
that, the amount of carbon added to the lauryl carboxymethyl chitosan  and lauryl succinyl chitosan was higher than 
the lauryl chitosan. 
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Table 2: Elemental Analyses and the Degree of Substitution (DS) of Chitosan Derivatives 
 

 

 

Conclusion 

Three derivatives of chitosan had been synthesized namely lauryl chitosan, lauryl succinyl chitosan and lauryl 
carboxymethyl chitosan by introducing lauryl group into chitosan, carboxmethyl chitosan or succinyl chitosan. The 
chemical structures of the three derivatives were characterized by FTIR, 1H NMR and elemental analysis. IR studies 
confirmed the appearance of C=O and lauryl group at chitosan derivatives. It also supported by 1H-NMR data. 
These indicate hydrophobic and hydrophilic group was attached to the chitosan derivatives.  
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Lauryl Carboxymethyl 
Chitosan 

31.44 4.56 8.04 0.14 

Lauryl Succinyl chitosan 32.27 4.35 8.65 0.08 
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Fig 2a:  FTIR spectrum of Chitosan 

 

    
Fig. 2b:  FTIR spectrum of Carboxymethyl Chitosan 
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Fig 2c:  FTIR spectrum of Succinyl Chitosan 

 

Fig 2d:  FTIR spectrum of Lauryl Chitosan 
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 Fig 2e:  FTIR spectrum of lauryl carboxymethyl chitosan 

Fig 2f:  FTIR spectrum of lauryl succinyl chitosan 
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Fig 3a:  NMR spectrum of carboxymethyl chitosan  

   
Fig 3b:  NMR spectrum of lauryl carboxymethyl chitosan  
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Fig 3c:  NMR spectrum of succinyl chitosan  

 
Fig 3d:  NMR spectrum of lauryl succinyl chitosan 
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Fig 3e:  NMR spectrum of lauryl chitosan  
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Abstract 

Malaysia was once a major tin exporting country. One of the by-products of the tin-mining activities is tin-tailing which known 

as `amang` very rich in rare earth elements, especially the lanthanides which are present as a mixture of phosphate minerals, 

mainly as ilmenite, xenotime and monazite. In this study, Kg Gajah in Kinta Valley occupying the State of Perak was chosen as a 

study area, since this area used to be the largest mining area in the 60’s and 70’s. The soil samples were separated using wet 

separation technique followed by magnetic separation. The monazite was then digested using a mixture of HF/HNO3 acids. The 

digested sample was extracted for its cerium content.  The extraction behaviour of cerium in those samples has been investigated 

as a function of Cyanex 302 concentration in diluents and the time taken to reach the equilibrium. Extractant of bis(2,4,4-

trimethylpentyl)-mono-thiophosphinic acid (Cyanex302) in n-heptane was used throughout the analysis. Aqueous phase from 

extraction was analyzed spectrometrically using Arsenazo (III) while organic phase was subjected to rotavapour followed by 

analysis by FTIR. The aim of this study is to have the best concentration for Cyanex302 in order to extract as much as possible 

of Europium and to confirm the transfer of Eu (III) to the Cyanex 302 as an extractant. Result from UV/VIS shows that 0.7 M is 

the best concentration of Cyanex 302 for the Eu (III) extraction from samples. Result from FTIR confirmed the structure of 

Cyanex302 has been replaced by Ce(IV).    

 

Keyword: `Amang`, Rare earth elements (REE), Cyanex302, Arsenazo III 

 

Abstrak 

Malaysia pernah menjadi negara pengekspot timah yang utama. Salah satu dari hasil sampingan aktiviti lombong bijih timah 

ialah tahi bijih yang dikenali sebagai ‘amang’ yang kaya dengan unsur nadir bumi, terutamanya lantanid yang wujud sebagai 

campuran mineral fosfat, terutamanya ilminit, xenotim dan monazit. Di dalam kajian ini, Kg Gajah dalam kawasan Lembah 

Kinta di negeri Perak telah dipilih sebagai kawasan kajian, memandangkan kawasan ini pernah menjadi kawasan lombong timah 

terbesar dalam tahun 60an dan 70an. Sampel tanah diasingkan menggunakan teknik pemisahan basah dikuti dengan pemisahan 

magnet. Monozit kemudiannya dihadhamkan menggunakan campuran asid HF/HNO3. Sampel yang telah hadham telah diekstrak 

kandungan europiumnya. Sifat pengekstrakan europium di dalam sample tersebut telah dikaji sebagai fungsi kepekatan Cyanex 

302 di dalam pelarut dan juga masa yang diambil untuk mencapai keseimbangan. Pengekstrak bis(2,4,4-trimethylpentyl)-mono-

thiophosphinic acid (Cyanex 302)  dalam toluen telah digunakan sepanjang analysis. Fasa akuas dari pengektrakan ini telah 

dianalisis secara spektrometri menggunakan Arsenazo (III), manakala fasa organik telah dikeringkan menggunakan rotavapour 

sebelum dianalisis menggunakan spektrometer FTIR. Objektif kajian ini adalah untuk mendapatkan kepekatan terbaik bagi 

Cyanex 302 untuk mengekstrak sebanyak mungkin europium, dan memastikan pemindahan Eu ke dalam Cyanex 302. Hasil 

analisis UV/VIS menunjukan bahawa 0.7 M adalah merupakan kepekatan terbaik Cyanex 302 untuk ekstraksi Eu dari sampel. 

Hasil analisis FTIR mengesahkan bahawa struktur Cyanex 302 telah pun digantikan oleh Ce(IV). 

 

Kata kunci: ’Amang’, unsur nadir bumi, Cyanex 302, Arsenazo III 

 

 Introduction 

Worobiec et al [1] and Walsh [2] have reported that beach sand and rock is a mineral resources other than ex-

mining area. However, former tin mining areas contained minerals which will be economically beneficial to the 

mineral industries. Tin ores were processed using a physical property (wet processing technique or smelting 

process) to recover the tin. ‘Amang’ is a widely accepted term in Malaysia for the heavy mineral rejects which 
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remain after tin oxide (cassiterite) has been extracted from tin ore [3]. The remaining (‘amang’) were left there since 

not many people knew their uses. Nowaday, ‘amang’ is becoming more important since one can recover valuable 

heavy minerals from it. Some examples of heavy minerals are monazite ([Ce, La, Nd, Gd, Th] PO4), zircon 

(ZrSiO4), ilmenite (FeOTiO2), xenotime (YPO4) and struverite (Nb.Ta.TiO2) which have various uses in minerals 

industries [4].  

 

High grade (99.99%) europium oxide has important uses as red phosphor in television screen and in computer 

monitors, compact fluorescent light bulbs, X-ray and tomography scans, X-ray screen, high intensity mercury 

vapour lamps, neutron scintillations,charge particle detectors and optically read memory systems. Europhium is one 

of the least abundant of the rare earth elements, accounting for only 0.05-0.10% of thetotal rare earth content in its 

ores [5, 6].  

 

Solvent extraction is generally used as the separation method for rare earth metals [7]. Extracting agents of 

industrial importance include tri-n-butyl phosphate, dimethyl heptyl methyl phosphonate, di (2-ethylhexyl) 

phosphoric acid, 2-ethylhexyl phosphoric acid mono 2-ethylhexyl ester, tetra decyl phosphoric acid and naphtenic 

acid [8]. Lanthanide elements are well chelated by phosphorous compounds such as phosphoric acid and 

phosphonic acid [9]. Cyanex302 consists of bis-(2,4,4-trimethylpentyl) mono-thiophosphinic acid, tris-

alkylphosphine oxide, bis-(2,4,4-trimethylpentyl) phosphinic acid, bis-(2,4,4-trimethylpentyl)-dithiophosphinic 

acid, and other unknown components. A lot of work has been done on rare earth ion extraction from hydrochloric 

acid, nitric acid and sulfuric acid media using Cyanex302 as and extractant [10]. 

 

The use of organic dyes for the spectrometric determination of actinides including uranium, in various materials has 

been reported to be simple and selective. Among these, the sodium salt of Arsenazo-III has been reported to be 

more sensitive than other chromogenic reagents this type, such as Arsenazo-1and thorane. In other words, by 

specifying the pH it is possible to use Arsenazo-III very selectively. It is a commercial product, equally soluble in 

both water and dilutes mineral acids [11]. Arsenazo-III is a dye that forms a colored complex with europium in an 

acidic solution at pH 3. 

 

A portion of the minerals were then extracted for the europium content within the minerals and the analysis was 

done using UV/VIS and FTIR.  The aim of this study is to study the effect of Cyanex302 concentration to the 

extraction of Eu(III) in monazite type minerals, to confirm the ion exchange mechanism in solvent extraction and to 

validate the method used for the extraction procedure. 

 

Experimental 

The spectrophotometric analysis was performed on a UV/VIS spectrophotometer Perkin Elmer Lambda 35. Hanna 

Instrument pH213 microprocessor pH meter calibrated daily with pH 4.0 and 7.0 buffer were used to measure the 

acidity of solution and pH of buffer.  About 40 mg of monazite was digested using sand bath using a mixture of 

HF:HNO3 until the sample is turning to yellowish clear solution.. To make sure that the solutions are free from the 

undissolved particulates, it was then brought to the centrifuge for 2000 rpm within 7 minutes and filtered before 

diluted to 50.0 mL of volumetric flask. A 20.0 mL aliquot of prepared sample was pipette to the 100.0 mL of 

volumetric flask together with 10 mL of buffer, 10 mL NaCl and was top up with sodium citrate to the required 

volume for pH adjustment. Cyanex302 in n-heptane and toluene were used as extractants which were set at 0.1, 0.3, 

0.4, 0.5, and 0.7 M for the organic phase. Sodium citrate and citric acid were used as a buffer while NaCl used to 

maintain the ionic strength of solution. Mixtures of organic and aqueous phases were shaken in the separating 

funnel for 5 minutes and allowed to reach the equilibrium within 5 minutes, 15 minutes and 30 minutes each. Then 

0.05 % w/v of Arsenazo (III) was added to the aqueous phase for the spectrometry analysis by UV/VIS 

spectrometer.  

 

Calibration 

Working solution of europium was made by diluting the stock solution to the 0.1, 0.2, 0.3, 0.5, 0.7 and 0.8 for the 

calibration curve.  

 

 



The Malaysian Journal of Analytical Sciences, Vol 14 No 2 (2010): 100 - 106 

102 

 

y = 0.1355x

R2 = 0.9967

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 0.2 0.4 0.6 0.8 1 1.2

ppm

A

y = 0.18x + 3E-06

R2 = 1

0

0.05

0.1

0.15

0.4 0.5 0.6 0.7 0.8

ppm

A

Recovery 

A recovery test was performed using a known amount of analyte added to be sample and the analysis then 

performed and after the addition so that the amount received can be calculated [12, 13].  

 

Extraction Eu(III) from Heavy Minerals 

The pure europium was prepared in an aqueous phase and extracted using Cyanex302 diluted in toluene. Varying 

the concentrations of Cyanex302, we will find the best Cyanex302 concentration which extract most Eu(III) into the 

organic phase. The amount of Eu(III) extracted was measured by the concentration Eu(III) left in the aqueous phase. 

This concentration was determined using UV/Vis spectrometer by adding Arsenazo (III) into the aqueous phase to 

produce the colour which is related to the concentration of Eu(III) in the sample.  

 

Results and Discussion 

Calibration and Linearity 

The standard solution was prepared in de-ionized water and buffer (citric acid/sodium citrate pH 2.2) to maintain pH 

ant 2.2 and 3 for toluene and n-heptane respectively. Figure 1a and 1b show the calibration curve for standard 

addition methods, respectively. The correlation coefficient for the calibration curve is 0.9967 while the correlation 

coefficient for the standard addition method is equal to 1 which is considered as a good linearity. Both curves can be 

used for estimating the concentration of Eu in the solution.  

 

 

       

 

 

 

 

    

                                                                                                                                                            

 

a)                                                               b) 

Figure 1: Linearity of the study represents by (a) Calibration curves and (b) standard addition method 

 

 

Recovery 

Table1 show the recovery of the laboratory fortified blank and laboratory fortified matrix. Laboratory fortified blank 

gives recovery in the range of 100.00 to 108.57 percent. The recoveries of fortified matrix range from 82.30 to 

110.45. 

 

Table 1:    The percent recovery for laboratory fortified blank of sample spiked with standard europium 

Spiking level (ppm) 

Fortified Blank  

% Recovery 

Fortified Matrix  

% Recovery 

0.11 100.00 110.45 

0.21 102.86 94.30 

0.31 108.57 97.72 

0.41 102.86 96.24 

0.51 108.57 82.30 
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Eu (III) extraction: Extraction as a function of pH 

Figure 2 shows the extraction of europium as a function of the pH. Figure 2(a) shows the extraction of different pH 

using n-heptane as Cyanex302 diluents. It can be seen that the highest distribution ratio which lead to the highest 

percent extraction is at pH 3. However for the extraction using toluene as diluent, the highest distribution ratio is at 

pH 2.2. This pH value agreed with  Ohashi et al, [7] finding, that is at pH 2.2, it could extract higher amount of 

europium even though their study is using cloud point extraction by di(2-ethylhexyl)phosphoric acid and Triton X-

100. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                  (a)                                                                               (b) 

Figure 2:  Effect of pH on the distribution ratio of Europium by (a) n-heptane (b) toluene 
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(c) 

Figure 3: Plots of log D versus log C at various equilibrium time 
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Nature of the extracted species 

The nature of the extracted complex species was analyzed using the Log D versus Log C plots as suggested by 

Sarkar et al [14, 15] and Ajgaonkar et al [16]. In this study, the plot of log D versus log C as shown in Figure 3, 

show slopes of  1.876, 1.699 and 2.633 for 5, 15 and 30 minutes, respectively. However, the percent extraction was 

found greater in 15 minutes equilibrium time, thus indicating the best equilibrium time for europium extraction is 15 

minutes.   

 

The concentrayion of Cyanex302 were found to affect the amount of europium extracted from the aqueous phase. 

The higher the Cynex302 concentration, the more the europium ion will be transfered to the organic phase.  

 

Table 2:    Effect of equilibrium time to the extraction of europium 

 Concentration of 

extractant 

5 minutes 

(%) 

15 minutes 

(%) 

30 minutes 

(%) 

0.1 ppm 14.13 24.74 0.97 

0.3 ppm 43.00 51.12 33.10 

0.4 ppm 78.44 64.24 51.45 

0.5 ppm 72.56 82.35 67.96 

0.7 ppm 85.54 90.82 44.65 

 

 

Distribution coefficient of Eu(III) increases with the increase of concentration of the extractant [17]. In other study, 

it was found that a decrease in the concentration of Cyanex302 will give lower disribution ratio values [14, 15]. 

 

Extraction of Eu (III) from monazite samples 

Table 3 shows the percent europium being extracted from two monazite samples (from Kg Gajah and Beh Minerals 

Sdn. Bhd., Perak) done in duplicates.  It seems that the amount of europium extracted (in percent) from these 

monazites are comparable.   

 
Table 3:     Percent extraction of europium from duplicates samples 

Sample Amount Extracted (%) 

Kg. Gajah 1 64.89 

Kg. Gajah 2 62.20 

Beh Minerals Sdn Bhd 1 50.03 

Beh Minerals Sdn Bhd 2 57.78 

 

 

Spectroscopy analysis 

The replacement of other element by europium in Cyanex302 can be proved by analysis with IR spectroscopy as 

shown in Figures 4a and 4b. This is well agreed by Ramachandran et al [18], Muhammad Idiris Saleh et al [19], 

Francis et al [20] Biswas et al [21, 22]. 

 

The IR spectra of europium complex with Cyanex302 and pure extractant were analyzed for a comparison. 

Cyanex302 spectrum shows two absorption bands at about 2950 cm-1 and 2280 cm-1 which indicates that the acids 

contains characteristics P(S)OH group. The bands at 750 and 905 cm-1 indicate the P=S group and P-O stretching 

vibration in the P-O-H bond, respectively. In the spectra of Eu-Cyanex302 complex, the bands due to P(S)OH group 

are absent. These observations suggests when Cyanex302 molecule forms a complex with europium, the hydrogen 

atom of P-O-H is displaced by other ion [23].  
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Figure 4a: FTIR spectrum of pure Cyanex302 

 

 
 

Figure 4b: FTIR spectrum of Eu-Cyanex302 complex 

 

 

Conclusion 

Increasing the extractant concentrations will result in a better distribution ratio, D. It extracts more Eu(III) from 

monazite samples. The best concentration of Cyanex 302 for Eu(III) extraction in this study  is 0.7 M at pH 2.2 for 

15 minutes equilibrium time.  
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