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Marine chlorophyll plays aprimary role in conserving the marine ecosystems which are essential 

for the marine food web. Understanding the variation of Chl-a (or Phytoplankton) over the aquatic 

systems is necessary for various applications like predicting the potential fishing zone. 

Advancement in the remote sensing with multispectral sensors, image processing techniques and 

tested remote sensing models together provide a powerful tool to analyse and monitor the ocean 

parameters. Ocean colour remote sensing is a simple and easiest tool which is used for the 

quantifying the chlorophyll. In this study, we analyse the spatial and temporal variation of 

chlorophyll pattern in the marine surface for the Gulf of Manner of Indian coastal waters. The Chl-

a concentrations were estimated from the standard chlorophyll algorithm. Moderate resolution 

imaging spectroradiometer (MODIS) satellite data were effectively used to quantify the spatial and 

temporal changes of surface chlorophyll. The outcome of this analysis contributes to deliver an 

advance tool to analyse the long-term changes in phytoplankton pigment concentration in coastal 

and open ocean.  
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1. Introduction 

Coastal waters cover a small portion of seawater on the Earth which plays a significant role 

for social, ecological, and economic perspective, by providing high quantity of fish yield 

through primary production [1] . Primary productivity mainly refers as the development of 

organic matter by chlorophyll or phytoplankton. Phytoplankton needs a collection of 
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chemicals, and those with the potential to be scarce in surface waters are typically identified 

as nutrients. This enriched phytoplankton acts as marine food webs and is also responsible for 

Earth’s climate change by converting the CO2 to biomas [10]. The growth of the 

phytoplankton shows variation in quantity with respect to regional and latitudes in the oceans 

[11]. The growth patterns are mainly affected by local environmental conditions and are also 

due to other processes such as sunlight, water column properties and nutrient resources. This 

spatial variation affects the carbon fluxes and results in other mismatches in marine ecosystem 

leading to consequences for fisheries [12]. This is the reason for representing the potential 

fishing zones as closely correlated with the phytoplankton life cycle [13].   

Deviations of bio-physical processes in reaction with ecological changes in the sea surface 

layer are the major cause of seasonal variation of chlorophyll pigment concentrations [14]. 

The seasonal phytoplankton bloom can be characterised by phenological metrics of different 

phases of its lifecycle. The phenological metrics of phytoplankton include the initiation stage, 

termination stage, peak stage, period of growth and magnitude of the concentration [6]. These 

phenological metrics are highly suitable for coastal areas or case-2 water. It is also dependent 

on other environmental parameters such as seabed, and wind stress. Spatial variability of 

phytoplankton in coastal areas  depends highly on the river plumes [18].  These factors are not 

much involved in the phytoplankton growth in the deep or open ocean water which is case-1 

water. 

The continuous field measurements of seawater constituents for understanding the variation 

of Chl (or phytoplankton) were difficult. Offshore continuous measurement systems using 

buoys were also difficult to capture the spatial pattern trend of Chl concentration initiated by 

coastal currents, river runoffs and bathymetry [7]. To overcome this problem, remote sensing 

linked with in situ measurements provides the potential solution for understanding the spatial 

changes of Chl [8]. After undergoing the atmospheric correction, the water leaving radiance 

(Lw) or remote sensing reflectance (Rrs) is the only component available in the satellite datas 

[15]. For the ocean colour remote sensing, Rrs is the primary parameter used to retrieve the 

seawater constituents such asphytoplankton or chlorophyll (Chl). Also, various scientists have 

developed models for the retrieval of Chl from Rrs, which were tested globally, regionally and 

seasonally. The ratios of different bands of Rrs were known as band-ratio method and were 

used to retrieve the Chl concentration . Another method expressed in the polynomial equation 

based on two different bands was used for the retrieval of Chl from Rrs . Similary, three band 

algorithms were also developed in previous studies using visible bands [19] and bands . Using 

the in-situ dataset measured from different case-1 (open ocean) and case-2 (coastal and inland) 

waters, the chlorophyll algorithm has developed and provides the chlorophyll with algal bloom 

index which is known as ABI-Chl [20]. Several existing Chl models gives the provision to the 

ocean colour remote sensing which provides the spatial and time series trends for 

understanding the changes of phytoplankton biomass. The phytoplankton biomass is the major 

indicator for understanding the significance of ecosystem functioning [21]. 

Globally, several research works have been reported for the estimation of Chl through ocean 

colour remote sensing . Using this background, the primary objective of this study was to 

investigate the variation of chlorophyll over the coastal waters of off Point calimere.   
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2. Experimental 

2.1 Satellite Ocean Colour Dataset 

The ocean colour data used in this report were obtained USING the Moderate resolution 

imaging spectroradiometer (MODIS) for the Point Calimere location in the southeast coast of 

India. MODIS have two satellites one for Terra application and another one for Aqua 

application.  The optical system of MODIS includes four refractive objective assemblies based 

on two-mirror off-axis afocal telescope which covers four spectral regionS such as visible, 

near-infrared, short-wave infrared and long-wave infrared. It is a 12-bit radiometric sensor 

with 36 spectral bands ranging in wavelength from 400 to 14400nm. Time taken for both Aqua 

and Terra sensor to cover the entire Earth surface is approximately every 1-2 days.  

2.2 Study Area 

The Gulf of Mannar is a shallow water region located in the south eastern part of Tamilnadu 

of India which has an inlet from the Indian Ocean. This shallow marine park includes 21 coral 

small islands with high diversity of coastal and marine habitats. The gulf is almost 160 km 

long and  275 km wide with the availability of pearl bank in the seabed. It receives the 

Thamirabarani river water from India and the Aruvi river water from Sri Lanka. The ocean 

physical effects such as sea surface temperature, acidification, sea-level changes and tsunami 

were also much impacted in this region. These impacts directly affect the growth of 

phytoplankton along with the changes of biological and chemical conditions of the water 

column. The biological and physical conditions of this region are entirely controlled by the 

environmental changes which affect in favour or destroy the habitats including coral reefs and 

mangroves in seabed. 

In this work, we observed a Chl-a concentration occurred in the Point calimere and Gulf of 

Manner during the 2016 and 2019 with time series analysis. Three regions of interest (ROI) 

were considered for the analysis of time series. They are spotted in the red box in Fig. 1. ROI-

1 (centred Lat 9.384, Lon 79.167) is the shallow water zone located near in the GOM. ROI-2 

(centred Lat 10.017, Lon 79.33) is the coastal water location with highly dominated with Chl-

a and this area located exactly in east of GOM and west of PC location. ROI-3 (centred Lat 

10.077, Lon 80.057) is the off-shore waters of Bay of Bengal located towards east PC location. 

 

Fig. 1. Geographic location of the study area - map with regions of interest (ROIs) used for 

the analysis (Image source: USGS) 

1 

2 
3 
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3. Methodology 

MODIS instrument has 36 spectral bands which is used for the observation of land, ocean and 

clouds.  

Level-1 data processing. The raw data received from the MODIS sensor undergo 

preprocessing steps and provides L1A data. This L1A data were processed using the SeaDAS 

software which was developed by NASA. The four processing steps were involved in the L1A 

data processing. First step  generates the file which provides the latitude and longitude for each 

pixels of the MODIS image. Second step is generation of L1B file from L1A file. Third step 

of the processing is to be in online which downloads the ancillary data for the level-2 data 

processing [23]. The final fourth step is origination of L2 File from L1B to with the support 

of L1B, GEO and ancillary files. The L2gen option in the SeaDAS will process this L1A data 

and utilise the land and cloud bands for the aquatic application.  

 

Fig. 2. Schematic block diagram of  the methodology for the estimation of chlorophyll 

concentration from MODIS Aqua L1A data 

OC3 Chlorophyll algorithm. This subsection explains the algorithm for the chlorophyll 

extraction from the MODIS remote sensing reflectance Rrs data. Several models have been 

developed for the estimation of Chl from Rrs. OC3 algorithm is one of the models which 

provides Chl with high accuracy [25]. OC3 model avoids the switching method for the Chl 

estimation which removes the gap between the intermediate range of Rrs data. OC3 model 

was developed based on the maximum band ratio method using a single 4th order polynomial 

equation which is defined as follows: 

Chl =  10X (mg m-3) (1) 

where X is the polynomial equation which is expressed as:   

X =  a0 + a1R + a2R2 + a3R3 + a4R4 (2) 

R = log10 (
Rrs(443)>Rrs(488)

Rrs(551)
) (3) 
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The coefficients of the polynomial equations are: a0 = 0.2424; a1 = -2.7423; a2 = 1.8017; a3 

= 0.0015; and a4 = -1.228; which are mainly derived for MODIS sensor [26]. Here, Ris is the 

blue-green maximum band ratio which considers three bands information for Chl estimation 

which intend to represent the OC model as OC3.  The numerator in  equation (3) explains that 

the ratio of Rrs magnitude at 443 and 551 will be mainly used for the clear and moderately 

clear water. The other ratio of Rrs magnitude at 488 and 551 were used for the Chl dominated 

water and turbid waters.  

 

4. Results and Discussion 

Spatiotemporal Analysis 

In this section, we analysed the spatiotemporal variation of Chl-a concentration occuring over 

the region of Gulf of Manner and point calimere, India using MODIS Aqua images. This 

analysis explains the annual non-seasonal changes in Chl-a concentration for the year of 2016. 

Figure 3 represents the single day MODIS images of each month during 2016.  

The quantitative investigation of the MODIS images for single day per month for the year in 

2016 shows the interesting pattern of Chl-a concentration for each month. Throughout this 

year, the presence of Chl-a was continuously distributed in the constant range from January to 

December with concentration in between 18-20 mg m-3 in the region between the Point 

calimere (PC) and Gulf of Manner (GOM) shown in Fig. 3. The maximum sea surface 

concentration of Chl-a was observed during the summer in the month of May, June and July. 

Furthermore, the Chl-a concentration was extended its distribution to the offshore in the coast 

of Bay of Bengal from May to October. The minimum Chl-a values can be seen during the 

summer in the month of February, March and December.  

The Chl-a distribution over the offshore of PC is very small in January and similar pattern was 

observed during February, March and April.  Eventually, the Chl-a pattern was shows high 

concentration of Chl-a during the month of May, which may be due to high productivity during 

the summer. Again, during the month of June it shows very less distribution. Later in July, 

Chl-a pattern shows  moving from coastal zone to offshore which indicates the high Chl-a 

values over the off-shore in Bay of Bengal. The Chl-a concentration were very high in offshore 

during August, September and October. High Chl-a concentration can be observed during the 

month of August. Later, the concentration was  gradually reduced from November and 

December. The distribution of lowest Chl-a concentration was found in offshore over the coast 

of Bay of Bengal during  November and gradually increases until the month of April. 
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Fig. 3. Spatiotemporal analysis based on single day Chl-a (maximum upto 20 mg mg-3) from 

MODIS images centred over the Point calimereand Gulf of Manner, India for the each month 

from January to Decemberof the year 2016 (MODIS captured month and date were 

displayed in each images) 

SPATIAL ANALYSIS 

Using MODIS Aqua images, we analysed the six-month composite spatial distribution of Chl-

a concentration occuring over the location of Gulf of Manner and point calimere, India. Figure 

4 shows the six-month composite Chl-a image  processed from MODIS Aqua images for two 

duration from 1st January 2019 to 30th June 2019 (left) and 1st July 2019 to 31st December 

2019 (right). The results represent the bi-annual non-seasonal changes of Chl-a concentration 

for the year of 2019.  

Observations from the Fig. 4 describe that there  three common things happen all over the year 

irrespective of the seasonal changes. First observation explains that only small concentrations 

of the Chl-a were observed in the south western part of Gulf of Manner, which may be due to 

the flow of currents over this region. Second analysis shows that the Chl-a values  highly 

dominated (up to 20 mg m-3) in the region between the Gulf of Manner and Point Calimere. 

Third observation reveals that  the Chl-a values are predominantly small in the offshore of the 

Point Calimere (in Bay of Bengal), which is in the north east of Point Calimere. Although the 

concentration of Chl-a patterns obtained from both images are almost close to each other,  90% 

of the pixels in  Fig. 4a shows high Chl-a values. Already, we have seen that during August 

the phytoplankton pigments move to the offshore. This shows that during the northeast 

monsoon the presence of the phytoplankton population in between GOM and PC is less 

Jan Feb Mar 

Apr Ma Jun 

Jul Aug Sept 

Oct Nov Dec 
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compared with the other monsoon such as southwest. 

 

Fig. 4. Merged 6 month composite MODIS processed Chl-a image from 1st January, 2019 to 

30th June, 2019 - a and 1st July, 2019 to 31st December 2019 over the study area in between 

the Gulf of Manner and Point Calimere, India - b 

TEMPORAL ANALYSIS 

The time series analysis for the Chl-a variability was discussed in this section for three regions 

of interest (ROI-1, 2, and 3). ROI-1 is the location found very close to the GOM (Fig. 5). ROI-

2 is the region in between the PC and GOM location. The ROI-3 is the zone located in the 

offshore of PC. The locations of  all ROIs are indicated in Fig. 1. For each ROI, data from 

single day image per month were taken for the analysis from the year of 2016. 

 

Fig. 5. Time series of monthly Chl-a concentration from the year 2016 for three ROIs: Gulf 

of Manner (GOM) – 1; between Point Calimere and Gulf of Manner (BTN PC/GOM) – 2,  

and  off-Point Calimere, India (OFF PC) - 3 

ROI-1 is the shallow water zone located near in the GOM. The concentration of Chl-a is 

maximum during the month of May and minimum during April. The ROI-1 water looks very 

green and dominated with bloom name called Noctiluca scintillans. Meanwhile, ROI-2 is 

dominated with Chl-a which is the coastal water location exactly in between GOM and PC. 

As we have seen already, the peak Chl-a values were observed during the month of March and 

minimum Chl-a values were seen during November. Similarly, ROI-3 is offshore of PC and 

Chl-a concentration are very small in this region. The Chl-a values are almost small when 

compared with the ROI-2. Note that during October the Chl-a from ROI-2 is decreasing and 

ROI-3 is increasing. This clearly explains the evidence of mixing occurring heavily due to the 

tides and currents during the northeast monsoon.  This shows the Chl-a variability pattern in 

the offshore of PC.  
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5. Conclusions 

Extreme Chl-a dominated waters have been identified in the Gulf of Manner, India. In this 

research work, MODIS level-1 data have been used to obtain the chlorophyll images with the 

OC3 algorithm after the atmospheric correction procedure. The analysis based on annual Chl-

a data for a single day from each month of year 2016 were reported. Also, the six-month 

composite Chl-a images were processed and identified the spatial quantitative changes of Chl-

a. Finally, we also analysed the time series analysis for three location which helps to 

understand the magnitude changes of Chl-a. The observations clearly revealthe concentration 

have been highly predominant in gulf of manner in the region between the PC and GOM. 

 

 

References 
1. P. Shanmugam: A New Bio-Optical Algorithm For The Remote Sensing Of Algal Blooms In 

Complex Ocean Waters. J Geophys Res Oceans, 116 (4), 1-12 (2011). 

Https://Doi.Org/10.1029/2010jc006796. 

2. J. Feng, J. M. Durant, L. C. Stige Et Al.: Contrasting Correlation Patterns Between 

Environmental Factors And Chlorophyll Levels In The Global Ocean. Global Biogeochem 

Cycles, 29 (12), 2095 (2015). Https://Doi.Org/10.1002/2015gb005216. 

3. T. Platt, S. Sathyendranath:  Ecological Indicators For The Pelagic Zone Of The Ocean From 

Remote Sensing. Remote Sens Environ, 112, 3426 (2008). Https://Doi.Org/10. 

1016/J.Rse.2007.10.016.  

4. C. Laufkötter, M. Vogt, N. Gruber  Et Al.: Projected Decreases In Future Marine Export 

Production: The Role Of The Carbon Flux Through The Upper Ocean Ecosystem. Biogeosci, 

13, 4023 (2016). Https://Doi.Org/10.5194/Bg-13-4023- 2016. 

5. T. Platt,  G. N. White Iii, L. Zhai, S. Sathyendranath, S. Roy: The Phenology Of Phytoplankton 

Blooms: Ecosystem Indicators From Remote Sensing. Ecol Model, 220, 3057 (2009). 

Https://Doi.Org/10.1016/J.Ecolmodel.2008.11.022.  

6. Cheong,K.H.Andlee,S.C:“Strengthofretemperedconcrete”,Acimaterialsj.90(3),203-206 

(1993) 

7. Ferreira Jg, Andersen Jh, Borja A, Bricker Sb, Camp J, Cardoso Da Silva M, Et Al: Overview 

Of Eutro- Phication Indicators To Assess Environmental Status Within The European Marine 

Strategy Framework Directive. Estuar. Coast. Shelf Sci. 2011; 93:117–131.  

8. Hu, C., Z. Lee, And B. Franz :“Chlorophyll- A Algorithms For Oligotrophic Oceans: A Novel 

Approach Based On Three-Band Reflectance Difference”, Journal Of Geophysical Research 

117, C01011(2012).  

9. Kotteeswaran Santhanam, Ravi Ramadoss, “Investigation on Alamparai Fort by utilization of 

organic materials for improvement of stability of heritage structure”,  Environment Science 

and Pollution  Research,  85 (2021). https://doi.org/10.1007/s11356-021-16212-3.  

10. Kotteeswaran Santhanam, Ravi Ramadoss, “Restoration Of An Ancient Temple at 

Parvathamalai In Tamilnadu To Preserve Cultural Heritage” The European Physical Journal 

Plus, 137(5), 549 (2022). https://doi.org/10.1140/epjp/s13360-022-02741-4.  

11. Kotteeswaran Santhanam, Ravi Ramadoss, “Sustainability development and Performance 

Evaluation of Natural Hydraulic Lime Mortar for Restoration” Environment Science and 

Pollution  Research, https://doi.org/10.1007/s11356-022-21019-x.  

12. O’reilly, J. E., & Werdell, P. J. :Chlorophyll Algorithms For Ocean Colour Sensors - Oc4, Oc5 

& Oc6. Remote Sensing Of Environment, 229, 32–47. 

Https://Doi.Org/10.1016/J.Rse.2019.04.021(2019). 



                                                  A Study on Temperature Changes of Sea… Ramshankar P et al. 166  
 

Nanotechnology Perceptions Vol. 20 No. S10 (2024) 

13. Platt, T., Fuentes-Yaco, C., Frank, K.T:. Spring Algal Bloom And Larval Fish Survival. Nature 

423, 398–399. Https://Doi.Org/10.1038/423398a(2003)  

14. Simon, A., & Shanmugam, P: An Algorithm For Classification Of Algal Blooms Using Modis-

Aqua Data In Oceanic Waters Around India. 1, 35–51. 

Https://Doi.Org/10.4236/Ars.2012.12004(2012). 

15. Sundarabalan, B., & Shanmugam, P.: Modelling Of Underwater Light Fields In Turbid And 

Eutrophic Waters: Application And Validation With Experimental Data. Ocean Science. 

Https://Doi.Org/10.5194/Os-11-33-2015(2015). 

16. Tholkapiyan, M., Shanmugam, P. Chauhan, P And Suresh, T: “Derivation Of Calibration 

Coefficients For Ocm-2 Sensor For Coastal Waters”, Journal Of Remote Sensing And Gis 1, 

1-7(2014). 

17. Zhang, Y., M. Liu, B. Qin, H. J. Woerd, J. Li, And Y. Li: “Modelling Remote-Sensing 

Reflectance And Retrieving Chlorophyll-A Concentration In Extremely Turbid Case-2 Waters 

(Lake Taihu, China)”, Ieee Transactions On Geoscience And Remote Sensing 47, 1937-

1948(2009).  

18. Mohan, A., Prabha, G. and V., A. 2023. Multi Sensor System and Automatic Shutters for 

Bridge- An Approach. International Journal of Intelligent Systems and Applications in 

Engineering. 11, 4s (Feb. 2023), 278–281. 

19. Prabha , G. , Mohan, A. , Kumar, R.D. and Velrajkumar, G. 2023. Computational Analogies 

of Polyvinyl Alcohol Fibres Processed Intellgent Systems with Ferrocement Slabs. 

International Journal of Intelligent Systems and Applications in Engineering. 11, 4s (Feb. 

2023), 313–321. 

20. Mohan, A., & K, S. . (2023). Computational Technologies in Geopolymer Concrete by Partial 

Replacement of C&D Waste. International Journal of Intelligent Systems and Applications in 

Engineering, 11(4s), 282–292. 

21. Mohan, A., Dinesh Kumar, R. and J., S. 2023. Simulation for Modified Bitumen Incorporated 

with Crumb Rubber Waste for Flexible Pavement. International Journal of Intelligent Systems 

and Applications in Engineering. 11, 4s (Feb. 2023), 56–60. 

22. V. Sundaram, Vidhya Lakshmi Sivakumar, Anand Raju, A. Saravanan, Titus Richard, "The 

Role of 3D Printing in Engineering and its Historical Perspective in Civil Engineering - A 

Review," SSRG International Journal of Civil Engineering, vol. 10,  no. 12, pp. 58-68, 2023. 

Crossref, https://doi.org/10.14445/23488352/IJCE-V10I12P107 no. 12, pp. 58-68, 2023. 

Crossref, https://doi.org/10.14445/23488352/IJCE-V10I12P107 

23. Vidhya Lakshmi Sivakumar, A.S. Vickram, Ragi Krishnan, Titus Richard, "AI-Enhanced 

Decision Support Systems for Optimizing Hazardous Waste Handling in Civil Engineering," 

SSRG International Journal of Civil Engineering, vol. 10,  no. 11, pp. 1-8, 2023. Crossref, 

https://doi.org/10.14445/23488352/IJCE-V10I11P101 

24. V. Sundaram, Vidhya Lakshmi Sivakumar, Anand Raju, A. Saravanan, Titus Richard, "The 

Role of 3D Printing in Engineering and its Historical Perspective in Civil Engineering - A 

Review," SSRG International Journal of Civil Engineering, vol. 10, Vidhya Lakshmi 

Sivakumar, A.S. Vickram, Ragi Krishnan, Titus Richard, "AI-Enhanced Decision Support 

Systems for Optimizing Hazardous Waste Handling in Civil Engineering," SSRG International 

Journal of Civil Engineering, vol. 10,  no. 11, pp. 1-8, 2023. Crossref, 

https://doi.org/10.14445/23488352/IJCE-V10I11P10. 

25. Thermal Insulation and R- Value Analysis for Wall Insulated with PCM, International Journal 

of Innovative Technology and Exploring Engineering volume 12 S, 912-921, 2019. 

26. Tholkapiyan, M., Mohan, A., Vijayan, D.S. Spatial And Temporal Changes Of Sea Surface 

Phytoplankton Pigment Concentration over Gulf Of Manner, India Oxidation 

Communications, 2021, 44(4), pp. 790–799 

27. Tholkapiyan, M., Mohan, A., Vijayan, D.S., Tracking The Chlorophyll Changes Using 



167 Ramshankar P et al. A Study on Temperature Changes of Sea...                                                                                               
 

Nanotechnology Perceptions Vol. 20 No. S10 (2024) 

Sentinel-2A/B Over The Gulf Of Manner, India, Oxidation Communications, 2022, 45(1), pp. 

93–102 

28. A Jothilakshmi, M. , Chandrakanthamma, L. , Dhaya Chandhran, K.S. , Mohan Flood control 

and water management at basin level-at orathur of Kanchipuram district International Journal 

of Engineering and Advanced Technology, 2019, 8 , International Journal of Engineering and 

Advanced Technology 8 (6), 1418-1421 

29. Mohan, A., Saravanan, J.., Characterization Of Geopolymer Concrete By Partial Replacement 

Of Construction And Demolition Waste – A Review., Journal of the Balkan Tribological 

Association, 2022, 28(4), pp. 550–558. 

30. Srividhya K , Mohan A, Tholkapiyan M, Arunraj A, “Earth Quake Mitigation (EQDM) 

Through Engineering Design”, Materials Today : Proceedings, Volume 22, 1074-1077, (2020). 

31. Mohan, A, Experimental Investigation on the Ecofriendly External Wrapping of Glass Fiber 

Reinforced Polymer in Concrete Columns,  Advances in Materials Science and Engineering, 

Volume 2021, Article ID 2909033, 12 pages . 

32. Mohan, A., Prabha, G., Balapriya, B., Deepika, M., Hemanthimekala, B. Tribological 

Investigations on the Properties of Concrete Containing Recycled Plastic Aggregate, Journal 

of Balkan Tribological Association, 27(6), pp. 1010–1020 (2021). 

33. Ayyasamy, L.R., Mohan, A., Rex, L.K., ...Vijayan, D.S.: Enhanced Thermal Characteristics 

Of Cuo Embedded Lauric Acid Phase Change Material, Thermal Science, 26(2), pp. 1615–

1621 (2022). 

34. Tholkapiyan, M., Mohan, A., Vijayan, D.S.: Tracking The Chlorophyll Changes Using 

Sentinel-2A/B Over The Gulf Of Manner, India, Oxidation Communications, 45(1), pp. 93–

102 (2022). 

35. Dr.G.Velrajkumar, R.Muralikrishnan, A.Mohan, R.Bala Thirumal, P.Naveen John: 

Performance of GGBFS and silica fume on self compacting geopolymer concrete using partial 

replacements of R-Sand, materials today : proceedings, Volume 59, Part 1, Pages 909-917 

(2022). 

36. D. S. Vijayan , A. Mohan , C. Nivetha , Vidhyalakshmi Sivakumar , Parthiban Devarajan , A. 

Paulmakesh , And S. Arvindan: Treatment of Pharma Effluent using Anaerobic Packed Bed 

Reactor, Journal of Environmental and Public Health, Volume 2022, Article ID 4657628, 6 

pages (2022). 

37. Ayyasamy, L.R., Mohan, A., Vijayan, D.S., ...Devarajan, P., Sivasuriyan, A.: Finite element 

analysis of behavior and ultimate strength of composite column , Science and Engineering of 

Composite Materials, 29(1), pp. 176–182, (2022). 

38. S. Lavanaya Prabha, A. Mohan, G. Velrajkumar, A. Mohammedharoonzubair., Study On 

Structural Behaviour Of Ductile High-Performance Concrete Under Impact And Penetration 

Loads ., Journal of Environmental Protection and Ecology 23, No 6, 2380–2388 (2022) . 

39. Lavanya Prabha.S,Surendar, M, Prabha, G, Mohan, A., Study on polyester resin concrete for 

applications in chemical & power plant industry, Journal of Ceramic Processing Research. 

2023, 24(5), pp. 884–893 

40. Gurusamy.V, Anbarasu, M. Vijayakumar, Y.K., AIP Conference Proceedings, Behaviour of 

concrete-encased steel Castellated beam: A review , 2023, 2782, 020163 

41. Gopalakrishnan, R., Mohan, A., Sankar, L. P., & Vijayan, D. S. (2020). Characterisation On 

Toughness Property Of Self-Compacting Fibre Reinforced Concrete. In Journal of 

Environmental Protection and Ecology (Vol. 21, Issue 6, pp. 2153–2163). 

42. Mohan, A., Tabish Hayat, M.: Characterization of mechanical properties by preferential 

supplant of cement with GGBS and silica fume in concrete, Materials Today: Proceedings, 

2020, 43, pp. 1179–1189. 

43. Dharmar, S., Gopalakrishnan, R., Mohan, A.: Environmental effect of de nitrification of 

structural glass by coating TiO2, Materials Today: Proceedings, 2020, 45, pp. 6454–6458. 



                                                  A Study on Temperature Changes of Sea… Ramshankar P et al. 168  
 

Nanotechnology Perceptions Vol. 20 No. S10 (2024) 

44. Prabha, G., Dinesh Kumar, R.,Alteration for fine aggregate of concrete with the use of m-sand 

and low density polypropylene plastic waste as sustainable solution, Journal of Green 

Engineering, 2020, 10(5), pp. 2291–2303 

45. V.Saravana Karthika, A.Mohan, R.Dinesh Kumar and Chippymol James, Sustainable 

Consideration by Characterization of Concrete through Partial Replacement of Fine Aggregate 

Using Granite Powder and Iron Powder, Journal of Green Engineering, Volume-9, Issue-4, 

December 2019, 514-525. 

46. Mohan A, Saravana Karthika, Ajith J, Lenin dhal, “Investigation on Ultra-High Strength Slurry 

Infiltrated Multiscale Fibre Reinforced Concrete” Materials Today: Proceedings 22(2020) 904-

911. 


