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Cloud-point extraction (CPE) method was employed 
for the extraction of trace quantities of arsenic(III) 
(As(III)) from various water samples using spectro-
photometry. For this mixed micelle-mediated extrac-
tion, amaranth, Triton X-114, cetyl trimethylammonium 
bromide (CTAB) and NaCl were applied as chelating, 
sensitizing agent, extraction and co-extraction agents 
respectively. The various effective parameters on CPE, 
including pH, type of surfactants and electrolytes, 
concentration of chelating agent, surfactant, sensitizing 
agent (CTAB), electrolyte, temperature and duration 
were investigated. Additionally, analytical performance 
was estimated (limit of detection, recovery, sensibility 
and relative standard deviation (RSD) and linear 
range). A linear calibration curve in the range  

30–1500 g l–1 of amaranth was acquired. Under the 
optimized conditions, the limit of detection (LOD) was 
2.8 g l–1 and RSD for 300 and 600 g l–1 was 2.23 and 
1.73 respectively (n = 10). LOD was found to be 
2.8 g l–1. The regression equation acquired by the least 
square method is A = 2.05  10–3 CAs + 1.21  10–2 for 
30–1500 g l–1 of As(III) with a correlation coefficient 
of 0.997 (n = 12), where A is the absorbance and CAs is 
the concentration of As(III) (g l–1). The results indi-
cate that the As(III) quantity in water samples of the  
rivers located in industrial areas is considerably 
higher than that in the non-industrial areas. 
 
Keywords: Amaranth, arsenic, cloud point extraction, 
spectrophotometry. 
 
ARSENIC (As) is ranked first among the hazardous  
elements and has serious effects on plants, animals and 
human health1. As contamination is a matter of concern 
world over, especially in India and Bangladesh2. Millions 
of people worldwide are exposed to As in their drinking 
water and ingested As is an established cause of bladder, 
lung and skin cancer. In addition to cancer, As in water 
has also been associated with cardiovascular disease, skin 
lesions, diabetes, reproductive disorders, cognitive defects 
in children and other health effects3. Data indicate that As 
is cytotoxic and genotoxic to human lung primary cells. 
Reactive oxygen species (ROS) generation  associated 
with As exposure is known to play a fundamental role in 
the induction of adverse health effects and diseases (can-
cer, diabetes, hypertension, cardiovascular and neurologi-
cal diseases)4. Generally, the inorganic species of As are 
more toxic than the organic forms; the toxicity of As(III) 
is 60 times greater than As(V)5. In view of these, several 
researchers have devised various methods measuring of 
As6–13. 
 In analytical chemistry, azo dyes play an important role 
as organic complexing reagents. These dyes are considered 
as tridentate ligands and form chelates with metal ions 
through oxygen atom of the ortho-hydroxyl group, nitro-
gen atom from pyridine, and one of nitrogen atoms of the 
azo group, giving two five-membered chelate rings. The 
complexes are stable with rather limited solubility in 
aqueous solution but much greater solubility in organic 
system. Because of their non-selectivity, azo dyes have 
been widely applied in different areas of analytical chem-
istry such as spectrophotometry, solid phase extraction 
(SPE), electrochemistry, liquid–liquid extraction and 
CPE14. 
 In the last decade, there has been increasing interest in 
the use of aqueous micellar solution in the field of separa-
tion science15. The cloud point extraction (CPE) technique 
has also been applied as a procedure for determination 
and removal of dyes and pigments as well as analysing 
metals16,17. This simple technique enables us to refrain 
from hazardous organic solvents and allows us to reach a 
much higher concentration of analyte than in the case of 
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liquid–liquid extraction, because the micellar phase vol-
ume is about 10–100-fold less than the volume of an 
aqueous phase18. The proposed method has advantages of 
being novel, with good selectivity, accuracy and limit of 
detection and also high recovery. It has been applied to 
the pre-concentration and determination of trace As(III) 
in tap water, river water (rivers located in industrial and 
non-industrial areas), well water and lake water with satis-
factory results. 
 In the present study, absorption spectra and absorbance 
measurements were made with a Shimadzu UV-1800, 
UV–vis spectrophotometer using 1 cm quartz cells (1 ml). 
A Metrohm digital pH meter (model 691) with a com-
bined glass electrode was applied to measure pH values. 
A Hettich universal 320 centrifuge was used to hasten the 
phase separation. 
 All reagents applied in the study were of analytical 
grade or better. The molecular structure of amaranth is 
shown in Figure 1. As standard working solutions were 
prepared from the 1000 mg l–1 As(III) standard stock so-
lution by dissolving appropriate amount of As2O3 (Merck, 
Darmstadt, Germany) in 3 M NaOH and pH 7.0 with 5 M 
HCl solution. The stock solution of 1000 mg l–1 As(V) 
was prepared by dissolving 4.164 g of Na2HAsO4 (Merck) 
in water. Then 1  10–4 mol l–1 of amaranth (Merck) solu-
tion was obtained by dissolving 0.006 g of amaranath in 
100 ml water. Triton X-114 stock solution (3%, v/v) was 
prepared by dissolving 3 ml of concentrated solution 
(Sigma-Aldrich, Steinheim, Germany) in 100 ml double 
distillated water. Then 1  10–3 mol l–1 of cetyl trimethyl-
ammonium bromide (CTAB) solution was prepared by 
dissolving 0.5 ml of this reagent (Merck) in bidistilled 
water and diluting to the mark in a 100 ml volumetric 
flask. The McIlvaine’s buffer solution was provided by 
dissolving 7.71 ml of 0.2 M Na2HPO4 in 12.29 ml of 0.1 M 
citric acid. Stock solution of NaCl (1  10–1) was pre-
pared by dissolving 0.584 g NaCl in distilled water and 
diluting to 100 ml in a flask. 
 

 
 

Figure 1. Molecular structure of Amaranth (E102). 

 In a typical CPE process, the standard solution contain-
ing As(III) (in the range 30–1500 g l–1), 2.25 ml of ama-
ranth (1  10–4 mol l–1), 1.5 ml of 3% (v/v) Triton X-114, 
0.75 ml of 1  10–3 mol l–1 CTAB, 1.5 ml of 0.1 mol l–1 
NaCl and 1.75 ml of McIlvaine’s buffer (pH = 4) was 
transferred into a 15 ml tube and equilibrated at 60C in a 
thermostat bath for 20 min. The separation into two 
phases was accelerated by centrifuging at 3500 rpm for 
15 min. The contents of the tubes were cooled in an ice-
bath, the surfactant-rich phase became viscous, and the 
upper aqueous phase was decanted. The surfactant-rich 
phase was then dissolved and diluted to 1 ml using 
methanol and transferred into a quartz cell. The absorb-
ance spectrum of the solution was measured at 510 nm. A 
blank solution was prepared in the same way, except that 
distilled water was used instead of As(III). It was also 
submitted to the same course of action and its spectrum 
was measured. 
 Amaranth is an anionic dye that can form a complex 
with both As(III) and As(V) at pH 4, but As(III)–
amaranth complex is more appropriate for spectropho-
tometric measurements due to formation of more stable 
ion-pair complex. The absorbance signal obtained from 
As(III)–amaranth complex is higher than that of As(V)–
amaranth complex. Thus, As(III) was selected for further 
studies. Sodium thiosulphate (Na2S2O3) is one of the most 
convenient and reliable reducing agents reported, which 
allows quick and complete reduction of As(V) to As(III) 
at room temperature without any interference of excess 
amount of thiosulphate in the As determination step10. 
After reduction of As(V) to As(III) with thiosulphate at 
fixed concentration of 15 mg l–1, pH of the solution was 
adjusted to about 7 using 1 M NaOH and the proposed 
method was used for the determination of total As. The 
level of As(V) was calculated by the difference between 
total for As and As(III) concentrations. Appropriate 
amounts of water samples, including river water located 
in industrial (Karoon river, Ahvaz city) and non-industrial 
(Zohreh river, Gachsaran city) areas, well water, lake  
water and tap water were filtered through a 0.22 m mem-
brane to remove the suspended and floating particles. 
 In this study, As(III) ion interacted with amaranth, an 
anionic dye, which led to the formation of As–amaranth 
complex. This complex was extracted by mixed-micelle-
mediated extraction through both cationic (CTAB) and 
non-ionic (Triton X-114) surfactants. The absorption 
spectra of As–amaranth complex showed a maximum  
absorption band at 510 nm. Therefore, all the measure-
ments were carried out at this wavelength. To obtain the 
maximum absorbance and sensitivity, the important fac-
tors affecting CPE were optimized and a set of optimum 
conditions was established. 
 In the CPE method, pH plays a critical role on metal 
complex formation and subsequent extraction procedures. 
Therefore, in order to obtain favourable pre-concentration 
efficiencies, pH values were studied in the range 1.0–8.0. 
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For this, McIlvaine’s buffer solution was used to adjust 
pH range19. The highest absorbance was obtained at pH 4 
(Figure 2). At lower and higher pH values, the extraction 
yield is very low due to slow or incomplete complex for-
mation. Thus, pH 4 was selected for further experiments 
by adding 1.75 ml of McIlvaine’s buffer solution. 
 Amaranth is a dark red to purple azo dye that can be 
used as a chelating agent14. For studying the effect of 
amaranth on extraction of As, a solution containing As 
and various amounts of amaranth was used. The extrac-
tion yield was highest when 1.5  10–5 mol l–1 (2.25 ml) 
of amaranth was used. Concentrations greater than 1.5  
10–5 mol l–1 had no effect on the extraction of As. At  
lower concentrations, the amount of ligand was insuffi-
cient to extract all the analyte in the solution. Absorbance 
increased with increasing the concentration of amaranth 
due to increase in As(III) and amaranth complex concen-
tration. When all the As(III) ions were used, the process 
of complex formation was completed and after this it  
 
 

 
 

Figure 2. Effect of pH on cloud point extraction (CPE). (Experimental 
conditions: 1.5  10–5 mol l–1 of amaranth; 5  10–5 mol l–1 of CTAB; 
0.3% (v/v) of Triton X-114; 1  10–2 mol l–1 of NaCl.) 

 
 

 
 

Figure 3. Effect of amaranth concentration on CPE. (Experimental 
conditions: pH 4; 5  10–5 mol l–1 of CTAB; 0.3% (v/v) of Triton  
X-114; 1  10–2 mol L–1 of NaCl.) 

remained nearly constant at higher concentrations. In 
other words, the limiting factor is As concentration. Thus, 
1.5  10–5 mol l–1 amaranth solution was chosen for sub-
sequent experiments. The changes in absorbance as a 
function of concentration of amaranth are shown in  
Figure 3. 
 The variations of analytical signal as a function of con-
centration of ionic surfactants, cetyl pyridinium chloride 
(CPC) and CTAB which were chosen as sensitizing 
agents are shown in Figure 4. The sensitizing agents are 
useful to transfer metal–ligand complex from aqueous 
phase to surfactant-rich phase. The best yield of extrac-
tion was obtained in the presence of CTAB. The extrac-
tion of As(III) was found to increase up to 5  10–5 mol l–1  
 
 

 
 

Figure 4. Effect of concentration of sensitizing agent on CPE.  
(Experimental conditions: pH 4; 1.5  10–5 mol l–1 of amaranth; 0.3% 
(v/v) of Triton X-114; 1  10–2 mol l–1 of NaCl.) 
 
 

 
 

Figure 5. Effect of concentration of non-ionic surfactant on  
CPE. (Experimental conditions: pH 4; 1.5  10–5 mol l–1 of amaranth;  
5  10–5 mol l–1 of CTAB; 1  10–2 mol l–1 of NaCl.) 
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Table 1. Determination of arsenic in different water samples and recovery tests 

     Relative standard  
  Added (g l–1) Founda (g l–1) Recovery (%) deviation (%) 

 

Sample As(III) As(V) As(III) As(V) Total As As(III) As(V) Total As As(III) As(V) 
 

River waterb – – 55.25  0.10 29.38  0.11 84.63  0.14 – – – 1.9 2.4 
  50 50 104.51  0.11 79.00  0.10 182.90  0.12 98.81 99.52 99.67 2.8 2.5 
  100 100 156.11  .070 129.16  0.07 285.50  0.30 100.55 99.83 100.08 3.3 2.8 
 

River waterc – – 22.15  0.13 18.22  0.10 40.37  0.07 – – – 2.9 3.1 
  50 50 72.01  0.13 68.54  0.11 140.70  0.11 99.80 100.47 100.03 2.3 2.4 
  100 100 123.70  0.17 118.11  0.08 242.15  0.14 99.90 101.70 100.28 3.5 3.2 
 

Tap water – – 10.12  0.10 7.39  0.04 17.51  0.08 – – – 3.3 2.9 
  50 50 59.64  0.13 55.55  0.02 113.19  0.05 99.20 96.79 98.26 2.5 2.7 
  100 100 112.21  0.11 108.30  0.06 223.11  0.06 101.90 100.85 101.18 2.1 2.4 
 

Well water – – 25.21  0.07 15.31  0.07 40.52  0.13 – – – 3.9 3.6 
  50 50 73.25  0.15 62.61  0.15 132.86  0.05 97.39 95.86 97.79 3.8 3.3 
  100 100 122.40  0.06 112.05  0.12 225.17  0.05 95.87 96.53 96.04 3.1 3.0 
 

Lake water – – 25.16  0.09 17.01  0.04 42.17  0.11 – – – 2.5 3.1 
  50 50 75.10  0.11 65.00  0.12 139.30  0.40 99.92 97.00 99.43 3.2 2.7 
  100 100 123.16  0.09 115.97  0.10 237.15  0.08 98.40 99.11 99.17 3.1 3.5 

a x ts n  at 95% confidence (n = 5). bKaroon river (located in a industrial area), Ahvaz city. cPol-e-Zohreh (located in a non-industrial area), 
Gachsaran city. 
 

 

 
 

Figure 6. Effect of salt concentration on CPE. (Experimental condi-
tions: pH 4; 1.5  10–5 mol l–1 of amaranth; 5  10–5 mol l–1 of CTAB; 
0.3% (v/v) of Triton X-114.) 
 
 
of CTAB concentration and decrease at higher concentra-
tions. Thus, 5  10–5 mol l–1 of CTAB in the final solution 
was chosen as the optimum concentration for As(III)  
extraction process. It must be mentioned here that higher 
concentrations (more than 5  10–5 mol l–1) of CTAB in 
the final solution cause an increase in the blank absorb-
ance and decrease in the absorbance of the complex. 
 Three non-ionic surfactants, including Triton X-114, 
Triton X-100 and Triton X-45 (0.1–0.45% (v/v)) were 
applied to CPE. Triton X-114 was selected due to its 

higher extraction yield. The results are given in Figure 5. 
As can be seen from Figure 5, the best extraction yield 
was obtained in the presence of Trition X-114. So, it was 
chosen for further studies. Triton X-114 was examined in 
the range 0.1–0.45% (v/v). By increasing the concentra-
tion of the surfactant up to 0.3% (v/v), the signal  
increased, after which it remained nearly constant at 
higher concentrations. Thus, 0.3% (v/v) Triton X-114 was 
used as optimum concentration. At lower concentrations 
of the surfactant, the extraction yield of the complex was 
slightly lower probably due to inadequacy of assemblies 
to entrap the hydrophobic complex quantitatively20. 
 In this study, NaCl and KCl were used as the co-
extraction agents. The cloud point of micellar solutions 
can be controlled by addition of alcohols, salts, non-ionic 
surfactants and some organic compounds (salting-out  
effects)21. The effect of electrolyte concentration on the 
extraction of As(III) was examined using various 
amounts of 0.1 mol l–1 NaCl and KCl solutions. The re-
sults showed that the absorbance increased with the in-
crease in both NaCl and KCl concentrations, but NaCl 
had a greater effect on the absorbance of the solution and 
yield of the extraction. Therefore, it was chosen as the 
electrolyte for further studies. By increasing the concen-
tration of electrolyte up to 1  10–2 mol l–1, the signal  
increased. Thereafter it remained nearly constant at higher 
concentrations (Figure 6). 
 Often it is necessary to pre-concentrate trace amounts 
of metals or metalloids with high yield within a minimum 
time. The results demonstrate that centrifuging for 15 min 
at 3500 rpm leads to the highest extraction of As(III). 
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Additionally, the influence of time on the extraction of 
As(III) was surveyed in the range 5–20 min; maximum 
absorbance was acquired 15 min. The influence of equili-
bration temperature in the range 40–90C was investi-
gated. It was established that 60C is sufficient for 
quantitative analysis. 
 The analytical performance of conventional spectro-
photometer in the range 30–1500 g l–1 was studied. The 
calibration curve for As was linear. The limit of detection 
(LOD) was calculated as three times the standard devia-
tion of a blank solution. LOD was found to be 2.8 g l–1. 
The regression equation was acquired by the least  
square method: A = 2.05  10–3 CAs + 1.21  10–2 for 30–
1500 g l–1 of As(III) with a correlation coefficient of 
0.997 (n = 12), where A is the absorbance and CAs the 
concentration of As(III) (g l–1). The relative standard 
deviation (RSD) at 200 and 600 g l–1 was 2.23 and 1.73 
respectively (n = 10). 
 Usually coexisting ions may influence determination of 
As(III) by CPE. To verify this assumption, solutions con-
taining 200 g l–1 of As(III) were taken with different 
amounts of foreign ions and recommended procedure was 
followed. These results indicate that the extraction yield 
for As(III) is not affected by the presence of foreign ions 
under the tested conditions. Tolerance limits were as  
follows: Fe3+, Cr6+, Al3+, Sb3+ (50-fold), Co2+, Sn2+ (100-
fold), Cd2+, Ni2+, HPO2

4
– (250-fold), Ca2+, Ag+, HCO–

3, Br– 
(500-fold), Cu2+, Pb2+, Li+, Cl– (800-fold), Na+, K+, NH+

4, 
NO–

3 (1000-fold). 
 The results of the present study are shown in Table 1. 
LOD of the present work is comparable or better than 
some previous studies for the determination of As(III) 
ions22–26. 
 The proposed method is a simple, rapid, reproducible 
and highly sensitive one for As pre-concentration that 
leads to good extraction yield. Triton X-114 was chosen 
as a non-ionic surfactant due to its excellent physico-
chemical characteristics, including lower cloud point 
temperature and higher density, which are easy for phase 
separation. The LOD of the proposed method seems to be 
satisfactory. Furthermore, in contrast to solvent extrac-
tion methods, it is much safer because only a small 
amount of the surfactant, which has a low toxicity, is 
used. The results indicate that the concentration of As, in 
water samples of rivers located in industrial areas is con-
siderably higher than in non-industrial areas. 
 
 

1. Baig, J. A. et al., Evaluating the accumulation of arsenic in maize 
(Zea mays L.) plants from its growing media by cloud point  
extraction. Food Chem. Toxicol., 2010, 48, 3051–3057. 

2. Oliveira, A. F., Duarte, H. A., Ladeira, A. Q., Ciminelli, V. S. T., 
Heine, T. and Duarte, H. A., Structural model of arsenic(III)  
adsorbed on gibbsite based on DFT calculations. J. Mol. Struct: 
Theochem., 2006, 762, 17–23. 

3. Melak, D. et al., Arsenic methylation and lung and bladder cancer 
in a case-control study in northern Chile. Toxical. Appl. Pharm., 
2014, 274, 225–231. 

4. DeVizcaya-Ruiz, A., Cebrian, M. E., Barbier, O. and Ruiz-Ramos, 
R., Biomarkers of oxidative stress and damage in human popula-
tions exposed to arsenic. Mutat. Res.-Genet. Toxicol. Environ. 
Mutagenesis, 2009, 674, 85–92. 

5. Ulusoy, H. I., Akcay, M., Ulusoy, S. and Gürkan, R., Determina-
tion of ultra trace arsenic species in water samples by hydride 
generation atomic absorption spectrometry after cloud point  
extraction. Anal. Chim. Acta, 2011, 703, 137–144. 

6. Hinhumpatch, P., Ruchirawat, M., Navasumrit, P., Chaisatra, K., 
Promvijit, J. and Mahidol, C., Oxidative DNA damage and repair 
in children exposed to low levels of arsenic in utero and during 
early childhood: application of salivary and urinary biomarkers. 
Toxical. Appl. Pharm., 2013, 273, 569–579. 

7. Xie, H., Huang, S., Martin, S. and Wise Sr, J. P., Arsenic is cyto-
toxic and genotoxic to primary human lung cells. Mutat. Res.–
Genet. Toxicol. Environ. Mutagenesis, 2014, 760, 33–41. 

8. Yang, G., Xiao-Ru, W., Xuan, C., Jing-Jing, Y. and Sen-Chun 
Lee, F., Determination of arsenic and its species in dry seafood by 
high performance liquid chromatography–inductively coupled 
plasma mass spectrometry. Chin. J. Anal. Chem., 2009, 37, 1738–
1742. 

9. Zhang, Y., Qiang, S., Sun, J., Hang, T. and Song, M., Liquid 
chromatography–hydride generation–atomic fluorescence spec-
trometry determination of arsenic species in dog plasma and its 
application to a pharmacokinetic study after oral administration of 
Realgar and Niu Huang Jie Du Pian. J. Chromatogr. B, 2013,  
917–918, 93–99. 

10. Thambidurai, P., Chandrashekhar, A. K. and Chandrasekharam, 
D., Geochemical signature of arsenic-contaminated groundwater 
in Barak Valley (Assam) and surrounding areas, northeastern  
India. Proc. Earth Planet. Sci., 2013, 7, 834–837. 

11. Pétursdóttir, A. H., Feldmann, J., Gunnlaugsdóttir, G. and Krupp, 
E. M., Inorganic arsenic in seafood: does the extraction method 
matter? Food Chem., 2014, 150, 353–359. 

12. Cullen, W. R. et al., Speciation and toxicity of arsenic in mining-
affected lake sediments in the Quinsam watershed, British Colum-
bia. Sci. Total Environ., 2014, 466–467, 90–99. 

13. Santos, C. M. M. et al., Evaluation of microwave and ultrasound 
extraction procedures for arsenic speciation in bivalve mollusks by 
liquid chromatography–inductively coupled plasma mass spec-
trometry. Spectrochim. Acta B, 2013, 86, 108–114. 

14. Pytlakowska, K. and Dabioch, K. M., Complex-forming organic 
ligands in cloud-point extraction of metal ions. Talanta, 2013, 
110, 202–228. 

15. Harwell, J. H. and Scamehorn, J. F. (eds), Surfactant based  
Separation Processes, Marcel Dekker Inc, New York, 1989,  
p. 259. 

16. Abedi, Sh. and Nekouei, F., Removal of direct yellow 12 from  
water samples by cloud point extraction using Triton X-100 as 
nonionic surfactant. Eur. J. Chem., 2011, 8, 1588–1595. 

17. Mousavi, R. and Nekouei, F., Cloud point extraction of toxic  
reactive black 5 dye from water samples using Triton X-100 as 
nonionic surfactant. Eur. J. Chem., 2011, 8, 1606–1613. 

18. Ghaedi, M., Shokrollahi, A., Niknam, K., Niknam, E., Najibi, A. 
and Soylak, M., Cloud point extraction and flame atomic absorp-
tion spectrometric determination of cadmium(II), lead(II), palla-
dium(II) and silver(I) in environmental samples. J. Hazard. 
Mater., 2009, 168, 1022–1027. 

19. McIlvaine, T. C., A buffer solution for colorimetric comparison. J. 
Biol. Chem., 1921, 49, 183–186. 

20. Gürkan, R., Aksoy, U., Ulusoy, H. I. and Akay, M., Determination 
of low levels of molybdenum(VI) in food samples and beverages 
by cloud point extraction coupled with flame atomic absorption 
spectrometry. J. Food. Comp. Anal., 2013, 32, 74–82. 

21. Nascentes, C. C. and Arruda, M. A. Z., Cloud point formation 
based on mixed micelles in the presence of electrolytes for cobalt 
extraction and preconcentration. Talanta, 2003, 61, 759–768. 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 107, NO. 10, 25 NOVEMBER 2014 1730 

*For correspondence. (e-mail: hukams@gmail.com) 

22. Arbab-Zavar, M. H. and Hashem, M., Evaluation of electrochemi-
cal hydride generation for spectrophotometric determination of 
As(III) by silver diethyldithiocarbamate. Talanta, 2000, 52, 1007–
1014. 

23. Kolesnikova, A. M. and Lazarev, A. I., Spectrophotometric deter-
mination of arsenic in copper- and nickel-base alloys by using  
iodonitrotetrazolium. Zh. Anal. Khim., 1991, 46, 169–174. 

24. Igov, A. R., Simonovi, R. M. and Igov, R., Kinetic determination 
of ultramicro amounts of As(III) in solution. J. Serb. Chem. Soc., 
2003, 68, 131–135. 

25. Gupta, P. K., Gupta, P. and Rabhat, K., Microdetermination of  
arsenic in water, spectrophotometrically, by arsine–silver di-
ethyldithiocarbamate–morpholine–chloroform system. Microchem. 
J., 1986, 33, 243–251. 

26. Morita, K. and Kaneko, E., Spectrophotometric determination of 
arsenic in water samples based on micro particle formation of 
ethyl violet-molybdoarsenate. Anal. Sci., 2006, 22, 1085–1089. 

 
 
ACKNOWLEDGEMENTS. We thank the Young Researchers and 
Elite Club, Gachsaran Branch, Islamic Azad University, Gachsaran, 
Iran for financial support. 
 
 
Received 15 January 2014; revised accepted 8 August 2014 

 
 
 
 
Early Eocene Annona fossils from  
Vastan Lignite Mine, Surat district,  
Gujarat, India: age, origin and  
palaeogeographic significance 
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The family Annonaceae has Gondwanan affinity and 
is being reported from the Cambay Shale of Vastan 
Lignite Mine on the basis of well-preserved fruit (in 
counterpart), leaf and pollen grains. This finding is 
significant because it serves as yet another example of 
an angiosperm family found in South America and 
Africa that may have boarded the Indian raft when 
India was attached to Madagascar, reported on the 
basis of pollen from Kutch. The Vastan occurrences 
represent a continuous record from the Indian latest 
Cretaceous, through the Palaeocene, based on multi-
ple vegetative entities. The well-preserved fruit is 
morphologically similar to Annona palustris L. At  
present the dispersal history of the family into India 
represents an origin in the Lower Cretaceous of North 
America with later dispersal to South America and 
Africa and then onto India, as it is recorded from  
the sedimentary beds associated with the Deccan  
Volcanics. Another angiosperm family, Dipterocar-

paceae, is also found in Vastan, with a similar phyto-
geographic distribution. 
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A well-known fossil hotspot, Vastan Lignite Mine is situ-
ated about 29 km northeast of Surat town (212547N, 
730730E) in Surat District, Gujarat, India. The Cam-
bay Shale stratigraphy, floral and faunal remains have 
been described in detail1–11. The present fossil material 
was collected from the Cambay Shale Formation of Vas-
tan Lignite Mine. The rock is a claystone rich in fossil 
plants and mammals. It occurs about 1/2 m above the 
base of lignite seam 2. Cambay Formation of the Vastan 
Lignite Mine section is 20–145 m thick and consists of 
multiple lignite, carbonaceous shale and grey shale hori-
zons (Figure 1). Fossil fruits, seeds, leaves and pollen 
grains of Annona and other associated fossils were recov-
ered from the exposed section of the mine (Figure 1). The 
age of the fossiliferous succession in the Vastan Mine is 
considered as Early Eocene (~53 Ma) based on recorded 
index foraminiferal fossils assemblages, as well as age 
diagnostic dinoflagellate cyst assemblage12,13. Fossil fruit 
is small in size, measuring 2.8 cm width and 3.5 cm in 
height. In Indian geological record, Annonaceae has been 
found to appear first in the Late Cretaceous14 and conti-
nued into the Palaeocene15, spread in the Eocene and  
became dominant in the Miocene and there are also  
reports in archaeological sites16. 
 The recovered fossil assemblages of fruits, leaves and 
pollen from Vastan are assigned to form species, Annona 
eocenica sp. nov., Annona vastanensis sp. nov. and Mata-
nomadhiasulcites (Lilicidites) maximus Saxena respec-
tively. Their systematic descriptions are as follows. 
 
Fossil leaf 
 
Order: Magnoliales, Family: Annonaceae. 
 Genus: Annona Linn., Annona eocenica n. sp. (Figure 
2 a–d). 
 Material: Leaf impressions recovered from the grey 
coloured soft shale and devoid of the cuticles. BSIP  
Museum specimen nos 40018 (holotype), 40019, 40020 
(paratype). 
 Locality: Vastan Lignite Mine, Cambay basin, Gujarat, 
Western India. 
 Horizon and age: Cambay Shale Formation, Early  
Eocene. 
 Etymology: This species is named after the age of the 
Cambay Shale Formation from where the specimens were 
recovered. 
 Diagnosis: Leaves asymmetrical; base obtuse; margin 
entire, venation pinnate, eucamptodromous; 4–5 pairs of 
secondary veins, alternate, branched, angle of divergence 
of secondary veins 55–60; angle of origin of tertiary 


