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Executive Summery  

This study aims to identify the impacts of port-led coal activities on mangroves and its 

ecosystem. Though Environment Impact Assessment (EIA) has been carried out before 

implementation of port development and expansion activities for all the five selected 

sites, this study takes a deeper review on mangroves and marine ecosystems in 

context of post development activities with explicit focus on coal handing activities.   

Port areas considered under this assignment are leading ports (Kandla, Mundra, 

Navlakhi, Bedi and Rozi) of Gujarat in terms of coal export. Since, all five ports are 

surrounded by mangrove vegetation; coal dust may pose considerable threat on 

mangroves which would lead to extensive impact on overall mangrove ecosystem. 

Thus, present study focuses on coal handling and its related impact on mangrove 

ecosystem. 

Probabilities of contamination through leaching and particularly during loading, 

transporting, unloading and storage of coal is being considered under this study. 

Study focuses on assessment of physicochemical parameter, bio-physical parameter 

and soil profiling to ascertain the ecological and environmental status of the selected 

area.  

First segment of study covers secondary data and literature review. Trend analysis for 

environment pollution, mangrove vegetation change and setting up assessment 

indicators were the prime objectives of this segment. Second segment’s aim was to 

understand level of polluting agents in soil and water with specific focus on coal dust 

pollutants. Third segment is focused on bio-physical parameter assessment of 

mangroves. This has reinforced the evidence of direct impact of coal on mangroves. 

Results of soil and water samples’ analysis revealed that the samples collected around 

Kandla Port and Bedi Port showed highest variation in the physicochemical properties 

of soil and water. Heavy metal contamination was observed in all sites including the 

pristine location but Navlakhi has the maximum contamination amongst all the ports. 

Navlakhi is also the only port which detected chromium and nickel in the soil. 

Physicochemical and heavy metal analysis shows signs of environmental pollution 

around all the ports. Physiological analysis of mangrove samples revealed a high 

degree of impact in Kandla and Bedi. The impact is focused and is observed maximum 

up to 1 kilometer periphery from coal handling site at port, the impact intensity 
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decreases as the distance from the port increases. Beyond 3 kilometer periphery, the 

impact observed is very low.  

Changes in mangrove health are dependent upon many factors such as climate, 

environment, nutrient availability etc. So to find out specific impact, robust 

methodology and framework is needed to be developed. Development of such methods 

will support assessment of coal to firmly provide results on the impacts of coal on 

mangrove. Stomata blocking and reduction in chlorophyll content seems to be getting 

directly hampered from coal dust. But to create a deeper understanding, further 

studies should be carried out covering all seasons & geographical locations to find out 

the magnitude and the temporal nature of the impact. It is highly recommended that 

such study, sampling and data generation should be carried out for all the three 

seasons including flowering period. 
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1 Introduction 

1.1 Coal handling in Gujarat 

Around 18 million tons of coal is 

consumed in Gujarat state annually, 

mostly accounted for power generation. 

None of this coal is produced in the state 

and it comes mostly from Madhya 

Pradesh & about 4 million tonnes are 

imported (SoER, 2012, Government of 

Gujarat). Coal as straight or in blend 

which by-carbonization produce hard 

coke is known as coking coal. Depending 

upon coking capacity.  

   Source: trade.indiamart.com 

Coking coalis is divided into prime or hard coking coal, medium or soft coking coal 

and weakly or semi-soft coking coal. The coking coal is classified based on CSN, LTGK 

coke type, gieseler fluidity, vitrinite contents, mean maximum reflectance of vitrinite 

etc. On the other hand, coal which on carbonization produces powdery mass, is 

known as non-coking coal. 

Coal continues to remain the mainstay of Gujarat’s energy sector, where its 

contribution in total commercial energy supply in Gujarat as on 31st March-2011 was 

about 54%. In fact, several studies have indicated that despite significant increase in 

power generating capacity based on renewable and other energy forms, coal would 

continue to play a key role in Gujarat’s energy sector (SoER, 2012, Government of 

Gujarat). 

Coal handling and coal dust 

Coal dust is a form of particulate matter. The areas near the ports and harbors, 

dealing with coal handling, are prone to such fugitive emissions causing stressful 

environment for the nearby ecology. Coal particles can enter the marine ecosystem 

through variety of mechanisms like natural erosion of coal bearing strata through 
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which the particles can leach in to soil and can be transferred to marine areas. Several 

stages of coal utilization process result in anthropogenic addition of coal particles in to 

the ecosystems. 

Various steps of coal handling, which has negative impact on marine ecology: 

 Disposal of colliery waste into intertidal or offshore areas, 

 Wind and water erosion of coastal stockpiles, 

 Coal-washing operations, 

 Spillage from loading facilities, 

 Cargo washing, 

 Sinking of coal-powered and coal-transporting vessels. 

Types of coal 

Types of coal are classified into four broad categories, depending on their chemical 

composition. 

1) Lignite 

2) Sub-bituminous, 

3) Bituminous 

4) Anthracite 

A) Lignite  

Lignite (‘brown coal’) is the least mature rank and contains relatively little carbon and 

energy, and a relatively large proportion of water and volatile matter. It represents 

about 20% of world reserves of coal and is mainly used for power generation.  

B) Sub-bituminous 

Sub-bituminous, has a higher carbon content (71–77%), lower water content (10–20%) 

and is used for power generation, production of cement, and various industrial 

processes. 

C) Bituminous coal 

Bituminous coal is used for power generation (‘thermal’ or ‘steam’ coal) and 

manufacture of iron and steel (‘coking’ coal). Bituminous coal varies in content of 

volatile matter,  
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D) Anthracite 

Anthracite, the most organically mature and highest ranked coal, always contains less 

than 10% volatile matter and is capable of burning without smoke. It is hard, has high 

carbon content (ca90%) and has various domestic and industrial uses. Although it is 

the most valuable form of coal, it constitutes only 1% of world coal reserves. 

Chemical composition of coal dust 

Coalmine dust is a comp1ex and heterogeneous mixture containing more than 50 

different elements and their oxides. The mineral content varies with partic1e size of 

dust and with coal seam. Hence, the presence of coal dust in any environment can 

alter the physicochemical properties of soil and water. The chemical composition of 

coal dust can vary and has a wide range of elements can be found present in the 

composition of coal. List of all the elements is given in table below. 

Table 1-1: Chemical Composition of Coal 

Constituent Range (in %) Constituent Range(in ppm) 

Aluminum 0.43 - 3.04 Arsenic 0.05 - 93 

Calcium 0.05 - 2.67 Boron 5 - 224 

Chlorine 0.01 - 0.54 Beryllium 0.2 – 4 

Iron 0.34 - 4.32 Bromine Apr-52 

Potassium 0.02 - 0.43 Cadmium 0.1 – 65 

Magnesium 0.01 - 0.25 Cobalt 1 – 43 

Sodium 0.1 - 0.2 Chromium 4 – 54 

Silicon 0.58 - 6.09 Copper 5 – 61 

Titanium 0.02 - 0.15 Mercury 0.02 - 1.6 

Total Sulfur 0.42 - 6.47 Manganese 6 - 181 

Molybdenum 1 – 30 Lead 4 – 218 
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Nickel 3 – 80 Selenium 0.45 - 7.7 

Phosphorus 5 – 400 Zinc 6 – 5350 

Source: Ruch, R.R., Gluskoter, H.1. & Shimp, N.F. (1974) Environmental Geology Note No. 72, 

Urbana, IL, Ilinois State Geological Survey 

1.2 Ports in Gujarat 

Gujarat, situated on the Western Coast of India, is a principal maritime state endowed 

with strategic port locations. There are 41 ports, of which Kandla is a major port. Out 

of the remaining 40 ports, 11 are intermediate ports and 29 are minor ports under the 

control of Gujarat Maritime Board. The State ports are organized into 10 groups. The 

individual group detail of these ports is given in the following tables. The port regions 

include: 

Region  Individual group Number of 

ports 

Kutch Mandvi Group, Navlakhi Group 4 

Saurashtra Bedi Group, Okha Group Porbandar Group, 

Veraval Group, Pipavav Group, Bhavnagar 

Group,  

13 

South Gujarat  Bharuch Group, Magdalla Group 14  

Source: Gujarat maritime board 

Gujarat ports (including Kandla) account for 41% of traffic in the total national port 

traffic, which is- more compared to any other State in India. In 2013-14, Gujarat ports 

cargo traffic has increased to 310 MMTPA compared to 89 MMTPA handled for the 

year of 2003-04 (Gujarat Maritime Board, 2015). Crude oil and coal are leading 

commodities imported at non-major ports of Gujarat, where share of coal import 

stands at 29% of total imported commodities (Gujarat Maritime Board, 2015).  

Rising port infrastructure has been facilitated the rapid growth of coal export, 

certainly supporting greater economical benefits. But it has also amplified probable 

impacts on marine ecology and environment. Since majority of mangrove cover is 

concentrated at Gulf of Kutch region, ports located in the area need to be more 

attentive towards sensitivity of marine ecology.   
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1.3 Mangroves in Gujarat 

Status of Mangrove 

In-terms of area under mangrove cover, Gujarat ranks second after Sunderbans, West 

Bengal with an estimated area of 1058sq km under the mangrove, accounting for 

22.69 percent of India’s total mangrove vegetation (Forest Survey of India in 2011). 

Gujarat has the longest coastline where majority of the mangroves are concentrated on 

the Gulf regions i.e. Gulf of Kutch and Gulf of Khambhat. Out of this, majority (77 

percent) of mangrove cover belongs to Kutch district, encompassing an approximate 

area of 778sq km (Forest Survey of India in 2011).  

Biologically superior quality of mangroves in Gujarat are mostly found in the Indus 

western mangroves from the Kori Creek (covers largest mangrove area in state), 

Jakhau, Mundra, Kandla and Navlakhi in the north to Jodia, Jamnagar, Sikka and 

Salaya in south along the coast of Gulf of Kutch. Many islands, e.g. Pirotan, also have 

good mangroves forests with trees as high as 8-19m and the trunk having a 

moderately large girth on some of these islands. 

The second largest patch in Gujarat is also found along the coast of Gulf of Kutch, 

from Okha in the west to Navlakhi and Surajbari in the east covering an area of about 

140 sq km and accounting for 10% of the mangrove area in the State. In South 

Gujarat, a small patch of mangroves consisting mainly of Avicennia species, lines the 

mouth of the Kolak estuary and a small creek near Umargam.  

The estuary region of Damanganaga and Purna also shows some small marshes of 

vegetation, where stunted growth of mangroves can be found. Mangroves are also 

present along mouth of river and creek in and around Bhavnagar with some traces in 

Piram Island. The notified area of mangrove forest is of 1,326.43 sq km, of which 

1,142.5 sq km is in Kutch and Jamnagar districts. Although this region has the 

maximum mangrove cover in the state, it displays the least diversity with only one 

dominating species. 

In the Gulf of Khambhat, mangroves are located in small patches and are sparsely 

distributed. On the coast of Saurashtra and South Gujarat, other small mangrove 

patches are located in Porbandar, Ghogha Jetty, Bhavnagar, RoniaBeyt, Alia Beyt, 

Umargam, Khetalwada, Hazira and Narvad (at the mouth of Auranga River).  
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List of Mangrove species found in Gujarat 

1. Avicennia marina 

2. AvicenniaOfficinalis 

3. Avicennai alba 

4. Rhizophoramucronta 

5. Ceriopstagal 

6. Bruguieragymnorhiza 

7. Aegiceroscomiculata 

Table 1-2: General features of mangrove in Gulf of Kutch 

Sr. 

No 

Location Species Distribution Habit  Average 

height in 

(m) 

1 Mundra Avicennia 

marina 

Patchy Stunned 

bush 

1 

2 Salya Avicennia 

marina 

Patchy Stunned 

bush 

1 

3 Pirotan Island Avicennia 

marina 

Random at places 

and uniform at 

Forest Dept. 

plantation 

Stunned 1.5 

4 Pirotan Island AvicenniaOff

icinalis 

Clumped Tree 2.3 

5 Pirotan Island Ceriopstagal Clumped Bush 0.75 

6 Karumbhar Avicennia 

marina 

Patchy Stunned 

bush 

1 

7 Vamleshwar 

bet 

Avicennia 

marina 

Scattered Stunned 

bush 

0.40 

Source: State Environment Report (Gujarat), 2005 
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