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Abstract
A detailed study to generate the new normal baseline data has been carried out during nationwide lockdown (May 12 to
May 16, 2020) covering sampling for ambient air, coastal water, coastal sediments, fish and bioaccumulation of heavy
metals, in an around Alang, the world’s biggest ship recycling yard. The lockdown data were compared with 2018 and
2019 observed data. PM10 values during lockdown were reduced by 3.75 to 4.5 times as compared with previous 2 years.
Similarly, four-fold reduction of PM2.5 and SPM values was observed during lockdown. The gaseous pollutants like NO2

and O3 are within safe limit. Overall air quality index (AQI) improved significantly during lockdown. Similarly, there was
drastic reduction in the majority of the nutrient parameters in the coastal water. Different heavy metal concentration in the
coastal sediments samples also showed strong reduction during lockdown sampling in comparison with other two sam-
pling. This proves that the coastal environment has its efficient self-cleaning potentials if there is considerable reduction in
the anthropogenic as well as industrial activities. Diversity of phytoplankton and zooplankton also increased. The results
were validated using statistical techniques like analysis of variance and least significance difference (LSD).
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Introduction

Indian ship building industry started in the ancient era as early as
2600–3000 BC. However, with the time and increase rate of
civilization, the requirement for the iron and steel increased.
This is the primary reason for genesis of the world’s largest ship

recycling yard at Alang before four decades. This ship recycling
yard has grown considerably since its inception in 1982–1983. In
the last 15 years, a total of 3906 ships corresponding to 33.806
MMT of light displacement tonnage (LDT) (GMB report, www.
gmbports.org) were recycled. However, no baseline
environmental data have been recorded prior to the inception of
the yard. Generally, when ships arrive at Alang for dismantling,
they contain complex materials including hazardous substances
embedded with structure of the ships, which need to be disposed
in environmentally safe and sound manner. Gujarat Maritime
Board (GMB) is the overall custodian of the Alang-Sosiya
Ship Recycling Yard. GMB has developed dedicated treatment,
storage and disposal facility (TSDF) site, and it is in operation
made functional since 2006 for management of wastes generated
from the ship recycling. The TSDF site consists landfill cells for
hazardous and non-hazardous solid wastes, bilge water treatment
plant and high temperature incinerator. Further, GMB also in-
volved CSIR-Central Salt and Marine Chemicals Research
Institute (CSIR-CSMCRI) to generate baseline data from ambi-
ent air, water and sediments with respect to both chemicals as
well as biological parameters for last 2 years in Alang ship
recycling area. To further safeguard the environmental law,
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India recently approved Ship Recycling Act (2019) and ratified
the International Maritime Organization’s (IMO) Hong Kong
Convention to undermining existing laws; this will strengthen
the environmental quality of Alang along with improved safe-
guard against the work force at different ship recycling units.

Due to Covid-19 pandemic, along with whole country, all
the ship recycling activity of the Alang ship recycling yard has
been stand stilled from the month of March, 2020. Complete
lockdown was continued up to end of May, 2020. This lock-
down has created a unique opportunity to collect environmen-
tal data (Saraswat and Saraswat 2020). In 2006, Union
Cabinet passed National Environmental Policy under which
Environment Impact Assessment (EIA) followed by proper
environmental management plan (EMP) becomes mandatory
requirement for setting up of any new industry or moderniza-
tion or expansion. However, such study and data were not
required at the time of setting up of Alang ship recycling yard
almost four decades ago. Complete lockdown has given envi-
ronmentalists a lifetime opportunity to collect baseline data in
the Alang ship recycling yard in comparison with the situation
when there was no existence of this industry (Hanson et al.
1993). The comparison of the present data (May 2020) with
recent past (February 2018, January 2019) data will give an
opportunity to track the source of different pollution and this
can be considered baseline data in new normal condition.
Comparison of all the data may help to generate environmen-
tal standard for ship recycling yard across the world.

To generate the new normal baseline data, CSIR-
CSMCRI has carried out a detailed snapshot environ-
mental sampling during nationwide lockdown (May 12
to May 16, 2020) covering ambient air, coastal water,
coastal sediments and fish bioaccumulation of heavy
metals, in an around Alang ship recycling yard with
respect to both physicochemical as well as biological
parameters. The data has also been compared with last
2 years’ baseline data to understand the impact of lock-
down on total environment of Alang. Up to our under-
standing, this study will be important documents to un-
derstand the pollution sources in different ship recycling
yards worldwide and will ultimately help to formulate
long-term management measures.

Material and methods

Selection of sampling locations

Ambient air

For air sampling, four sampling stations were selected inside
Alang Ship recycling yards in coordination with the previous
two samplings undertaken in January 2019 and February
2018. All stations were located in different plots at Alang with

an average distance of 2–3 km, and no recycling activities
were performed since March, 2020 (Table 1 and Fig. 1).

Seawater and sea sediments

Seawater was collected from total of 5 sampling stations from
the intertidal area of ship recycling yards spread nearly 10 km
area. Sea sediments were collected from three stations over-
lapping to the water sampling stations. Sediments were not
collected from two remaining stations due to rocky substra-
tum. All the sampling stations were mentioned in the Tables 2,
3, and 4 and Fig. 1.

Method of analysis

Ambient air

Ambient air sampling was carried out weekly two times con-
tinuously for 24 h. The averages of two values were represent-
ed. Due to restriction in movement, only weekly two samples
were collected in 2020. However, in the previous 2 years,
ambient air samples were carried out for a complete month
in each season for three times (pre-monsoon, post-monsoon
and winter) in years. Average values of all the data were rep-
resented in this manuscript.

Particulate matters

Measurement of PM10 was done as per the method described
in Indian standard (Kisan et al. 2006). In brief, measured vol-
ume of air (1132 L/min) is drawn through Whatman filter
paper (20.3 × 25.4 cm). Particles with aerodynamic diameter
less than the cut-point of the inlet size are collected by the
filter. PM10 value is measured by weight gain in filter paper
divided by the total air filtered. Limit of detection is between
10 and 1200 μg/m3.

Suspended particulate matters and PM2.5

Both suspended particulate matters (SPM) and PM2.5 were
measured using high volume samplers using appropriate col-
lector and filter papers, respectively, by following CPCB
guideline (CPCB 2013).

Heavy metals, benzene and benzo pyrine

For heavy metal analysis, filter paper (half of filter paper, size
8″ × 10″) was digested in acid, and sample was prepared as per
the method described in EPA compendium method IO 3
(USEPA 1999). Finally, the heavy metals were analysed in
ICP-MS (iCAP RQ). For benzene and benzo pyrine, filter
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papers were dipped organic solvent (toluene), and the analysis
was carried out in GCMS following the method described in
BIS method IS 5182 (part 12):2004.

Sulphur dioxide, nitrogen dioxide, ammonia and ozone

From ambient air samples, SO2 in is analysed based on
IS 5182 (part 2): 2001 method with detection limit of
10 to 100 μg/m3, NO2 was analysed based on IS 5182
(part 6): 2006 method with detection limit of 5 to 500
μg/m3, ammonia was analysed based on the method
described in (CPCB 2013) with detection limit of 5 to
100 μg/m3 and O3 was analysed based on IS 5182 (part
9): 1974 RA 2009 method with detection limit of 5 to
100 μg/m3.

Seawater and sediments

Physicochemical parameters

Analysis of different physicochemical parameters of seawater
samples i.e. pH, temperature, total suspended solids (TSS), turbid-
ity, dissolved oxygen (DO), biochemical oxygen demand (BOD),
nitrite (NO2), nitrate (NO3), ammonia (NH3), phosphate (PO4)
and silicate were done as per our previous paper (Haldar et al.
2014) following the detailed methods described in APHA (2005).

Biological parameters

Phytoplankton samples were concentrated by centrifuga-
tion followed by transfer of 1 ml on to the Sedgewick
Rafter counting chamber under a microscope (Olympus

Table 1 Ambient air quality values observed during the study period at different locations

Location A1 A2 A3 A4 Mean STD Max Min

PM10 (μg/m
3) May 20 34.2 44.2 38.6 37.5 38.63 4.16 44.2 34.2

January 19 115.5 152 155 159 145.38 20.12 159 115.5
February 18 167 160 195 173.5 173.88 15.12 195 160

PM2.5 (μg/m
3) May 20 20.5 25.9 27.4 29.6 25.85 3.88 29.6 20.5

January 19 74 89.5 136 104 100.88 26.43 136 74
February 18 92.5 78.5 135.5 96.5 100.75 24.42 135.5 78.5

SPM (μg/m3) May 20 60.2 59.3 57.1 62.3 59.73 2.15 62.3 57.1
January 19 237 198 211 245.5 222.88 22.14 245.5 198
February 18 235 253 213 249.5 237.63 18.17 253 213

SO2 (μg/m
3) May 20 17.3 15.9 20.4 19.4 18.25 2.03 20.4 15.9

January 19 78 80.3 87.1 80.7 81.53 3.9 87.1 78
February 18 87.6 93.1 90.6 76.55 86.96 7.3 93.1 76.55

NO2 (μg/m
3) May 20 11.5 10.8 13.8 14.9 12.75 1.92 14.9 10.8

January 19 81 80 74.2 76.45 77.91 3.15 81 74.2
February 18 89.45 87.05 89.05 78.75 86.08 4.99 89.45 78.75

NH3(μg/m
3) May 20 7.8 7.6 8.2 7.6 7.8 0.28 8.2 7.6

January 19 37.35 44.5 41.95 32.85 39.16 5.14 44.5 32.85
February 18 33.55 41.75 46.95 36.8 39.76 5.86 46.95 33.55

O3 (μg/m
3) May 20 0 5.8 7.6 5.9 4.83 3.32 7.6 0

January 19 24.25 31.7 44.55 37.1 34.4 8.58 44.55 24.25
February 18 28 35.9 48.5 39.7 38.03 8.52 48.5 28

As (ng/m3) May 20 ND ND ND ND ND ND ND ND
January 19 1.175 ND 1.905 1.06 1.04 0.78 1.91 ND
February 18 1.3 ND 2.4 1.245 1.24 0.98 2.4 ND

Ni (ng/m3) May 20 1.02 ND ND 1.54 0.64 0.77 1.54 ND
January 19 2.175 2.71 3.535 2.065 2.62 0.67 3.54 2.07
February 18 1.68 1.225 1.83 1.945 1.67 0.32 1.95 1.23

Pb (μg/m3) May 20 ND ND 1.02 ND 0.26 0.51 1.02 0
January 19 ND ND ND ND ND ND ND ND
February 18 1.135 ND 2.28 1.92 1.33 1.01 2.28 ND

Benzene (μg/m3) May 20 0 1.06 0 1.56 0.66 0.78 1.56 0
January 19 3.35 1.98 4.105 3.25 3.17 0.88 4.11 1.98
February 18 2.11 1.69 2.87 2.345 2.25 0.49 2.87 1.69

Benzo(a)Pyrene (BaP) (ng/m3) May 20 ND ND ND ND ND ND ND ND
January 19 ND ND ND ND ND ND ND ND
February 18 ND ND ND ND ND ND ND ND

Latitude/longitude: A1-21° 23' 53.9" N/72° 10' 51.8" E; A2-21° 23' 32.0" N/72° 10' 28.1" E; A3-21° 24' 11.9" N/72° 11' 18.2" E; A4-21° 25' 20.6" N/72°
12' 35.3" E

ND not detected
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IX 70), and phytoplankton count was expressed as num-
ber of cells per litter of seawater sample.

Heavy metals from seawater and sea sediment

Heavy metals samples were analysed as per the method 3125-
B: 2017 (ICP-MS) described in APHA (2017).

Statistical analysis

Analysis of variance

The analysis of variance (ANOVA) in one way classification
using the null hypothesis technique was used to determine
whether any significant difference is existing between differ-
ent groups (May 2020, January 2019 and February 2018). The
different groups were considered based upon different ambi-
ent air quality parameters, seawater and sediments parameters.
The above test was carried out using Microsoft Office Excel
2010 for validation of observed data during the study (Ray
et al. 2019).

Least significance difference

The least significant difference (LSD) is carried out to deter-
mine the significant difference between pairs of different
groups (May 2020 and January 2019; May 2020 and
February 2018; January 2019 and February 2018). Instead

of calculating t for each pair, we calculated the LSD at the
desired level of significance (α = 0.05). The LSD was calcu-
lated using Microsoft Office Excel 2010 for validation of ob-
served data during the study (Jena et al. 2013).

The experimental data were collected in triplicates, and the
mean was considered for interpretation. The experimental er-
ror was within + 5%. The mean and standard deviation was
calculated using Microsoft Office Excel 2010.

Results and discussion

Ambient air quality

Particulate matter

Environmental pollution is a concern of the for environment
for the maritime transport and ship recycling industries. In
European countries, shipping emission contributes with 1–
7% of ambient air PM10 levels, 1–14% of PM2.5 and 7–24%
of NO2 level in the coastal environment (Viana et al. 2014).

There is a significant (p < 0.05) reduction of all the partic-
ulate matters (PM) in the ambient air during lock down period
in comparison with the sample collection during 2019 and
2018 (Fig. 2a). It is true that the sampling time was not same
in three samplings, but all the three samplings reported (2018,
2019 and 2020) were carried out during premonsoon, and
according to the Indian metrological data (IMD), there was

Fig. 1 Topography of sampling (air, seawater and sediment) locations during the study
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no precipitation during the sampling time. It was observed that
the PM10 value of lockdown period was reduced by 3.75 to
4.5 times in comparison with the average value obtained dur-
ing two previous years (Table 1). There is a significant (p <
0.05) reduction (four-fold) in the average value of PM2.5 also
during lockdown sampling. Decrease in PM concentration
directly correlates with decrease in mortality and morbidity
rate. A decrease of 10 μg/m3 of PM10 levels resulted 3–6%
decrease in visit of asthma patent and 1–3% decrease in visit
of upper respiratory disease not with asthma to hospital
(Gordian et al. 1996). Alang hospital data revealed that OPD
patient numbers decreased considerably from 26292 in 2018–
2019 to 19,072 in 2019–1920 (www.gmbports.org). Among
total OPD, the number of chest patients is generally low in
Alang (varied from 24 to 91/month), which was further
reduced to 0 in April, 2020, that may be due to drastic
change of air quality from moderate to very good.
Interestingly, ration of PM2.5/PM10 was not varied much
among the three sampling data. The ratio was 0.57 during
2018 sampling, which was changed to 0.68 in 2019 and in
2020 sampling, and the value was recorded as 0.65. This value
was well compared with the value obtained from some of the
European cities like Barcelona (urban) recorded as 0.64;
Finokalia, Greece (coastal) recorded as 0.63; and Milan
(urban) recorded as 0.71 (Gerasopoulos et al. 2007;
Marcazzan et al. 2003; Pey et al. 2008). Ratio of PM2.5/
PM10 generally gives an indication of the ambient air, because
it is assumed that a high ratio is mainly due to presence of
wind-borne dusts, unpaved road and less emission of fine
particles due to various industrial activities (Khodeir et al.
2012; Mahapatra et al. 2013). When air speed was compared,
there was low speed of air movement throughout the study
period in three seasons, which varied from 10–30 kmph in
2020, 4–22 kmph in 2019 and 4–16 kmph in 2018 (Indian

Meteorological Department, MoES, India). This also suggests
that reduction of different ambient parameters during lock-
down may be the result of complete shutdown of all the ac-
tivities of ship recycling at Alang ship recycling yard from
March, 2020, to date of sample collected. In Alang, less var-
iation of this ratio indicates that there is a state of equilibrium
with respect to the air pollution. In 2018 and 2019, when
recycling activities were in full swing, there was more vehic-
ular movement as well as PM10 pollution; however, during the
time of lockdown, both vehicular movement and recycling
activities are reduced drastically, resulting no much shift in
the ratio.

In case of average SPMvalues of 3 years of sampling, more
than four-fold reduction of value was recorded in 2020 (Fig.
2a), in comparison with the two previous years of sampling.
Reduction of this value might be due to reduction of overall
ambient air pollution; however, complete cessation of ship
movement might be another reason. In a previous study, this
was evidence in the pristine environment of Artic, where due
to arrival of a passenger ship with capacity of 1600 passen-
gers, the concentration of SPM was increased to 38-fold,
when there were no other back ground pollution sources
(Zhan et al. 2014).

Gaseous pollutants

When compared with two previous years of data, there is a
significant reduction (p < 0.05) in the load of SO2, NO2, NH3

and O3 in the ambient air as was recorded in 2020 sampling
when compared with the previous 2 years of sample data
(Table 5, supplementary file). This might be due to the fact
that ship cutting at high temperature using LPG torch and
vehicle movements may contribute in generation of NOx
and SOX, and the process of combustion produces CO2 and

Table 2 Comparative description of average air quality index (AQI) of ambient air quality monitoring stations at Alang

Monitoring 
locations

Monitoring
dates

Pre-Lockdown During 
Lockdown

Percentage 
decrease 
betweenFeb-2018 Jan-2019

A1 Feb-18, Jan-19 & 

May-20 208***
147** 34* 77

A2 Feb-18, Jan-19 & 

May-20 162
198 44 78

A3 Feb-18, Jan-19 & 

May-20 312****
312 46 85

A4 Feb-18, Jan-19 & 

May-20 222
274 49 82

*Green colour indicates good (0–50)

**Yellow indicates moderate (51–100)

***Orange indicates unhealthy for sensitive group (101–150)

****Red indicates unhealthy (151–200)
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Table 3 Physicochemical characteristics of seawater observed during the study period at different locations

Locations SW1 SW2 SW3 SW4 SW5 Mean STD Max Min

Temp. (°C) May 20 31 32 30 32 31 31 1 32 30

January 19 22 20 21 22 22 22 1 22 20

February 18 28 27 27 28 28 27 1 28 27

TSS (mg/L) May 20 312 345 356 325 389 345 30 389 312

January 19 376 400 396 403 403 396 11 403 376

February 18 394 393 405 399 395 397 5 405 393

Salinity (ppt) May 20 39 35 38 37 36 37 2 39 35

January 19 35 37 37 38 37 37 1 38 35

February 18 37 37 37 37 36 37 0 37 36

pH May 20 7.5 7.6 8.1 8 7.6 7.76 0.27 8.1 7.5

January 19 8.01 8.2 8.47 8.02 8.04 8.15 0.2 8.47 8.01

February 18 7.9 7.85 7.95 7.95 7.85 7.9 0.05 7.95 7.85

Turbidity (NTU) May 20 450 123 163 465 197 280 165 465 123

January 19 310 312 256 323 289 298 27 323 256

February 18 77 82 73 69 82 76 6 82 69

DO (mg/L) May 20 4.8 4.5 4.2 4.5 4.3 4.5 0.2 4.8 4.2

January 19 3.9 4.5 3.7 3.8 4.8 4.1 0.5 4.8 3.7

February 18 3.6 7.2 1.2 5.6 6 4.7 2.4 7.2 1.2

BOD (mg/L) May 20 3.7 3.5 3.7 3.1 3.2 3.4 0.3 3.7 3.1

January 19 3.4 3.1 3.2 2.9 3.5 3.2 0.2 3.5 2.9

February 18 2.8 6 ND 2.8 5 3.3 2.3 6 0

NH4-N (mg/L) May 20 ND ND ND ND ND ND ND ND ND

January 19 0.5 0 0.7 0.85 3.3 1.07 1.29 3.3 0

February 18 13.34 3.75 7.5 0.83 8.34 6.75 4.76 13.34 0.83

NO2-N (mg/L) May 20 ND ND ND ND ND ND ND ND ND

January 19 ND ND ND ND ND ND ND ND ND

February 18 0.24 0.12 0.24 0.42 0.48 0.3 0.15 0.48 0.12

NO3-N (mg/L) May 20 0.81 0.63 0.35 0.98 0.29 0.61 0.3 0.98 0.29

January 19 11.95 8.7 6.75 13.3 8.7 9.88 2.67 13.3 6.75

February 18 22.07 30.33 16.31 17.89 22.56 21.83 5.45 30.33 16.31

Total-N (mg/L) May 20 0.81 0.64 0.35 0.98 0.29 0.61 0.3 0.98 0.29

January 19 12.22 8.72 7.11 14.21 10.36 10.52 2.8 14.21 7.11

February 18 22.09 30.33 16.32 17.89 22.57 21.84 5.45 30.33 16.32

PO4-P (mg/L) May 20 ND ND ND ND ND ND ND ND ND

January 19 ND ND ND ND ND ND ND ND ND

February 18 ND ND ND ND ND ND ND ND ND

Silicate (mg/L) May 20 88.04 68 94.71 93.5 98.36 88.52 12.05 98.36 68

January 19 81.34 79.19 81.06 79.41 76.05 79.41 2.11 81.34 76.05

February 18 51.43 51.21 68.07 52.89 49.75 54.67 7.57 68.07 49.75

Cr (μg/L) May 20 ND ND ND ND ND ND ND ND ND

January 19 0.08 0.15 0.06 0.12 0.14 0.11 0.04 0.15 0.06

February 18 0.27 0.29 0.3 0.28 0.34 0.29 0.03 0.34 0.27

Mn (μg/L) May 20 ND ND 1 1 ND 1 0 1 ND

January 19 0.58 0.46 0.26 0.29 1.06 0.53 0.32 1.06 0.26

February 18 0.37 0.24 0.27 0.24 0.39 0.3 0.08 0.39 0.24

Co (μg/L) May 20 ND ND ND ND ND ND ND ND ND

January 19 ND 0.03 ND 0.02 ND 0.02 0.02 0.03 0.02

February 18 0.84 0.88 0.92 1.01 1.37 1 0.21 1.37 0.84

Ni (μg/L) May 20 ND ND 1 ND ND 1 0 1 ND
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CO (Technical EIA Guideline Manual for Ship Breaking
Yards, MoEF & CC, PP:3-27). It was reported from the
CPCB guideline for NO2 that there are two categories, i.e.
good (sub-index 0–50) and satisfactory (51–100), and the
breakpoint concentrations are fixed as 40 μg/m3 and 80 μg/
m3 (Akolkar 2016). In higher concentration of NO2 in air,
there is all chance of asthma and chronic obstructive pulmo-
nary diseases due to change in lung function (Organization
et al. 2000). Present study reveals that values of NO2 are
within the safe limit as prescribed in WHO report (Fig. 2b).
Similarly, for O3, there are two categories i.e. good (sub-index
0–50) and satisfactory (51–100); the breakpoint concentra-
tions are fixed as 50 μg/m3 and 100 μg/m3. All 3 years of data
regarding in this ambient environment of Alang showed that
the concentration of O3 was low and fell under good category.
Further, due to complete absence of cutting activities, load of
these pollutants might further be reduced in 2020 sampling.

Heavy metals and PAH in ambient air

Concentrations of selected heavy metals like Ni and Pb
were studied from ambient air samples (Fig. 2c). Similar
trends like other ambient air parameters were observed
for these pollutants also. There is a significant (p < 0.05)
reduction in the concentration of all the metals and ben-
zene except arsenic, that was recorded in the May 2020
sampling. As there was a significant (p < 0.05) reduction
in the PM10 value in May 2020 sampling, which may

also reflect in the value of different heavy metals present
in the ambient air. Because, filter paper used for PM10 is
generally used for analysis of different heavy metals and
benzene present in the ambient air. Further, cessation of
different industrial activity and vehicular movement may
also contribute in the reduction of in the selected heavy
metals and benzene concentration in the ambient air.

The results obtained during the study were validated using
analysis of variance (ANOVA), a single factor to knowwhether
any significant difference is existing between different sam-
pling years (May 2020, January 2019 and February 2018) with
respect to mean for different parameters of air, seawater and
sediment. A significant difference (p < 0.05) was observed
between 3 years of data with respect to PM (PM10, PM2.5
and SPM), and the same were detailed in Table 5 (supplemen-
tary file). In all the PM, cases the F-values (PM10—93.71;
PM2.5—17.16 and SPM—141.73) were greater than the F-crit-
ical value i.e. 4.26, with a p value less than 0.05, thereby re-
sembling the existence of significant difference between 3 years
with respect to each parameter. The analysis of variance
showed the significance difference considering the entire 3
years data for each parameter; however, to know the significant
difference between each pair (between 2 years data), we have to
calculate the t-test separately. However, instead of calculating t
for each pair, the LSD has been calculated in order to draw a
better insight about the observed data with a desired level of
significance (α = 0.05). In case of PM10, statistically significant
differences were observed between three pairs (2020–2019,

Table 3 (continued)

Locations SW1 SW2 SW3 SW4 SW5 Mean STD Max Min

January 19 1.21 ND 1.02 ND ND 1.12 0.13 1.21 1.02

February 18 1.75 1.57 1.76 1.02 1.87 1.59 0.34 1.87 1.02

Cu (μg/L) May 20 1 ND 1 1 ND 1 0 1 ND

January 19 ND 0.04 ND ND 0.04 0.04 0 0.04 0.04

February 18 1.03 0.97 1.46 0.93 1.25 1.12 0.22 1.46 0.93

Zn (μg/L) May 20 ND ND ND ND ND ND ND ND ND

January 19 5.25 6.32 5.32 1.25 2.35 4.1 2.18 6.32 1.25

February 18 5.32 5.23 5.32 4.21 5.03 5.02 0.47 5.32 4.21

As (μg/L) May 20 ND ND ND ND ND ND ND ND ND

January 19 0.12 0.13 0.15 0.13 0.14 0.13 0.01 0.15 0.12

February 18 8.66 7.87 7.55 8.62 7.03 7.94 0.7 8.66 7.03

Cd (μg/L) May 20 ND ND ND ND ND ND ND ND ND

January 19 0.25 ND 0.21 ND ND 0.23 0.02 0.25 0.21

February 18 0.36 0.39 0.38 0.27 0.27 0.33 0.06 0.39 0.27

Pb (μg/L) May 20 ND ND ND ND ND ND ND ND ND

January 19 ND 0.42 ND 0.44 ND 0.43 0.01 0.44 0.42

February 18 0.63 0.46 0.75 0.45 0.58 0.57 0.13 0.75 0.45

Latitude/longitude: SW1-21° 24' 09.0" N 72° 11' 20.2" E SW2-21° 25' 18.6" N 72°12' 40.3" E SW3-21° 23' 48.9" N 72° 10' 55.8" E SW4-21° 23' 25.2"
N 72° 10' 33.1" E SW5-21° 22' 33.3" N 72° 10' 01.0" E

ND not detected
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2020–2018 and 2019–2018) with a difference of mean values
(DMV) of 106.75, 135.25 and 28.50 greater than LSD value i.e.
24.60, respectively. However, for PM2.5 and SPM, one pair i.e.
2019–2018, the LSD value was observed to be greater than
DMV resembling the existence of no significant difference
(Table 6, supplementary file). In case of gaseous pollutants,
significant (p < 0.05) differences were observed for SO2,
NO2, NH3 and O3 with F-values of 241.19, 502.26 and 65.90
greater than F-critical value i.e. 4.26 (Table 5, supplementary
file). However, for SO2, NH3 and O3, non-significant differ-
ences were observed for years 2019–2018, with LSD value
greater than DMV (Table 6, supplementary file). For heavy

metals and PAH concentration in air, significant differences
were observed for years 2020–2018 (As), 2020–2019 (Ni),
2019–2018 (Pb) and 2020–2019 and 2020–2018 for benzene
with DMV greater than LSD, respectively (Table 6,
supplementary file).

Air quality index

Presenting the raw data sets of individual pollutant parameters
and time series plots might not be enough to predict the air
quality parameters of a particular location. It has been increas-
ingly recognized that there is a need for simple, yet effective

Table 4 PHc and heavy metals concentrations in sediments observed during the study period at different locations

Location S1 S2 S3 Mean STD Max Min

PHc(mg/g) May 20 0.03 0.02 0.03 0.03 0.01 0.03 0.02

January 19 0.05 0.06 0.04 0.05 0.01 0.06 0.04

February 18 0.04 0.05 0.04 0.04 0.01 0.05 0.04

Al (mg/g) May 20 0.15 0.21 0.13 0.16 0.04 0.21 0.13

January 19 0.03 0.05 0.05 0.04 0.01 0.05 0.03

February 18 2.41 2.47 2.47 2.45 0.03 2.47 2.41

Cr (mg/g) May 20 ND ND ND 0 0 0 0

January 19 0.15 0.16 0.16 0.16 0.01 0.16 0.15

February 18 0.26 0.26 0.3 0.28 0.02 0.3 0.26

Mn (mg/g) May 20 0.05 0.01 0.02 0.03 0.02 0.05 0.01

January 19 1.64 1.66 1.63 1.64 0.02 1.66 1.63

February 18 1.37 1.05 1.1 1.17 0.17 1.37 1.05

Fe (%) May 20 12.95 2.7 9.55 8.4 5.22 12.95 2.7

January 19 21.25 20.05 20.15 20.48 0.67 20.25 20.05

February 18 26.25 22.95 23.45 24.22 1.78 26.25 22.95

Co (mg/g) May 20 ND ND ND ND ND ND ND

January 19 0.06 0.06 0.03 0.05 0.01 0.06 0.03

February 18 0.05 0.04 0.06 0.05 0.01 0.06 0.04

Ni (mg/g) May 20 ND ND ND ND ND ND ND

January 19 0.07 0.09 0.1 0.08 0.01 0.1 0.07

February 18 0.08 0.08 0.08 0.08 0 0.08 0.08

Cu (mg/g) May 20 0.01 ND 0.01 0.01 0 0.01 ND

January 19 0.13 0.11 0.28 0.17 0.09 0.28 0.11

February 18 0.16 0.25 0.14 0.18 0.06 0.25 0.14

Zn (mg/g) May 20 0.05 ND 0.03 0.03 0.02 0.05 ND

January 19 0.29 0.26 0.21 0.25 0.04 0.29 0.21

February 18 0.25 0.27 0.2 0.24 0.04 0.27 0.2

Cd (μg/g) May 20 ND ND ND ND ND ND ND

January 19 0.35 0.02 0.34 0.24 0.19 0.35 0.02

February 18 0.36 0.36 0.37 0.36 0 0.37 0.36

Pb (mg/g) May 20 0.01 ND ND 0 0 0.01 ND

January 19 0.03 0.02 0.03 0.02 0 0.03 0.02

February 18 0.03 0.01 0.02 0.02 0.01 0.03 0.01

Latitude/longitude: S1-21° 23' 50.9" N 72° 10' 55.8" E; S2-21° 23' 25.2" N 72° 10' 31.1" E; S3-21° 22' 35.3" N 72° 10' 01.0" E

ND not detected
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communication of ambient air quality in urban areas so as to
enhance the awareness among the public, especially for those
who suffer from illness caused by exposure to air pollution.
Air quality index (AQI) is a tool for effective communication
of air quality status of an area to people in terms, which are
easy to understand and is used for decision making in many
countries. It transforms complex air quality data of various
pollutants into a single number (index value), nomenclature
and colour, which fall in one of the six AQI categories, name-
ly, good (0–50), satisfactory (51–100), moderately polluted
(101–200), poor (201–300), very poor (301–400) and severe
(401–500) with their associated health impacts. The
Table 2 showed a distinct reduction of AQI value in 2020
sampling in comparison with the two previous years of sam-
pling. However, apart from a particular station (A3), AQI
value was moderate in previous years of sampling also.

However, considering the huge industrial activities and many
precaution measures taken by different industrial bodies, AQI
for Alang was mostly moderate during previous 2 years of
sampling also. In lockdown sampling (January 20), it is con-
sistently good.

Seawater characteristics

Physicochemical characteristics

Among different physicochemical parameters studied for
three consecutive years (pre-lockdown, 2018–2019) and
during lockdown (2020), it was observed that there is no
significant (p > 0.05) change in the basic seawater param-
eters like DO and salinity (Table 3). There is no much
variation of average BOD value of 3 years (Fig. 3a).
BOD is usually proportional to the amount of organic mat-
ter present and therefore is a measure of the concentration
of the biodegradable organic waste which principally in-
clude domestic sewage (Marske and Polkowski 1972). In
Alang coastal water, the mean BOD value varied between
3.2 and 3.4 mg/L which indicate the water is moderately
free from sewage contamination.

When we compare the nutrient parameters such as NH4-N,
NO2-N, NO3-N and total-N, there is statistically significant (p
< 0.05) reduction in value in 2020 samples in comparison with
the two previous years when all the industrial activities were
in full swing. Different nutrients are mixed to the coastal water
basically through non-point sources. However, domestic sew-
age mixing also plays a major role in increasing of different
nutrient parameters. As the BOD value was almost constant
for 3 years of samples, significant (p < 0.05) reduction of
NH4-N, NO2-N, NO3-N and total-N value may be due to
reduced activities of different industries located in the coast
of Gulf of Khambhat and their reduced level of discharge
through deep sea pipeline.

A significant difference (p < 0.05) was observed between 3
years of data with respect to all the physicochemical parame-
ters of seawater except salinity, DO and BOD, and the same
were detailed (Table 5, supplementary file). However, LSD
has been calculated for in-depth analysis for all the physico-
chemical parameters. In case of NH4-N and NO2-N, statisti-
cally significant differences were observed between two pairs
(2020–2018 and 2019–2018) with a DMV value greater than
LSD value (Table 7, supplementary file). In case of pH, sig-
nificant difference was observed only for 2020–2019 with a
DMV value greater than LSD value.

Heavy metal concentrations

When comparison was made between present studies (con-
secutive 3 years) with some previous study carried out by
Reddy et al. 2004, it was reported that heavy metal
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Fig. 2 Variation of ambient air pollutants observed during the study (a)
particulate matter, (b) gaseous pollutants and (c) heavy metals and PAH
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enrichment at Alang-Sosiya was relatively high. They de-
scribed that the metals found at the highest concentration at
Alang were iron (13.7%), zinc (0.12%) and manganese

(0.46%). They also described that some other metals were
almost 100 times more enriched compared with their nat-
ural, background level. However, after the development of
dedicated treatment, storage and disposal facility in year
2006 and upgraded in 2011 by GMB, which consists land-
fill cells, effluent treatment plant and high temperature in-
cinerator for management of downstream wastes generated
from the ship recycling activities and further strict enforce-
ment of ‘Hazardous Waste Management Rules’ by Gujarat
Pollution Control Board (GPCB), there was a drastic re-
duction in the overall heavy metal pollution in the Alang-
Sosiya coast. This reduction in the overall heavy metal
concentration was observed in the data collected during
2018 and 2019 (Fig. 3d). Reduction of heavy metal con-
centration may also a partly result of upgradation of ship
recycling plots. Around 70% ship recyclers have upgraded
their plots in last 2 years by providing impervious floor
complying ‘Hong Kong International Convention 2009
(Puthucherril and Puthucherril 2010) for the Safe and
Environmentally Sound Recycling of Ships’. It may be
noted here that the HKC 2009 shall come into effect after
2 years from the fulfilment of the conditions; however, the
majority of the ship recyclers at Alang upgraded their plots
well in advance to curb the pollution from ship recycling
activities.

It was observed that, after complete cessation of work for
more than a couple of months in 2020, all the metal concen-
trations were further come down to negligible level (Fig. 3d).
This is a very good indication to show how nature can purify
their environment automatically in the absence of pollution
inflow within few months of time. A significant difference
(p <0.05) was observed for all the heavy metals except Mn
(Table 5, supplementary file). However, LSD has been calcu-
lated for in-depth analysis for all the heavy metals in seawater.
In case of Co, Ni, As, Cd and Pb, no significant differences
were observed for pair 2020–2019 with a DMV value less
than LSD value (Table 7, supplementary file).

Sediment characteristics

PHc was only analysed for the sediment samples. It was ob-
served that there was significant variation (p < 0.05) of total
PHc concentration in the sediment samples collected in the 3
years of sampling. The value varied from 50 to 40 mg/Kg in
2018 and 2019, which was reduced to 30 mg/Kg in 2020 (Fig.
4). The results of PHc is compared with water quality stan-
dards for coastal waters for marine outfalls (Environment
1986), and it is within the permissible limit. Therefore, the
sediment samples in the Alang area can be considered to be
slightly impacted by the ship recycling activities. Further, it
was also reported that, generally, there is a steady rise of the
PHc concentration from summer to winter mainly because
increase water and atmospheric temperature support the
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Fig. 3 Variation of seawater parameters observed during the study period
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volatilization and microbial biodegradation process (Al-Saad
et al. 2017; Maktoof et al. 2014) Slightly reduced value in
2020 might be due to less activities as well as the fact that
the sampling was carried out during summer.

However, in the case of different heavy metal concentra-
tion in the sediments, a significant (p < 0.05) reduction in the
concentration was observed after lockdown sampling during
2020. This reduction in heavy metal concentration especially
for Cr, Cu, Zn, Cd, Pb is in line with the reduction of concen-
tration found for seawater samples. Lead concentration was
observed to be low during the study which is good as it is toxic
in nature and gets entered in the food chain (Ferrans et al.
2021). This reduction may attribute majorly due to reduced
activity in the ship recycling yard, which may reduce the ac-
cumulation of metals in the water as well as sediment samples.
Apart from the common metals studied for both the water and
sediments, some other metals were also analysed for sediment
samples such as Co, Al, Mn and Fe. Similar trend of signifi-
cant (p < 0.05) reduction in concentration in 2020 sampling
was recorded for these metals also. Present study which is
carried out during the lockdown period would be the base
for setting up the marine sediment norms for carrying out ship
recycling activities using beaching method.

In a previous study carried out at ship breaking area of
Bangladesh, it showed higher concentrations of Fe (11,932
to 41,362 μg/kg) and Pb (36.78 to 147.83 μg/kg) in compar-
ison with the Alang samples even during full activities in 2018
and 2019 (Siddiquee et al. 2012). In Alang, the concentration
of Fe was reported to be much higher in 2001 in comparison
with the value available in our present data in 2018 and 2019
(Tewari et al. 2001). This is mainly due to development of
management of downstream waste management facility in
2006 and upgraded in 2011 by GMB for Alang Ship
Recycling Yard and strict enforcement of Hazardous Waste
Management laws by the competent authorities at Alang.
During lockdown in Alang, the value further reduced signifi-
cantly. Heavy metal exposure is a major concern during ship
recycling activities. The pollutants released from a typical
plate-cutting operation can potentially either affect workers
directly by contaminating the breathing zone (air pollution)
or can potentially add pollution load into the intertidal zone
and contaminate sediments when pollutants get emitted in the
secondary working zone and gets subjected to tidal forces
(Deshpande et al. 2012). Due to complete halt of cutting ac-
tivity, there was drastic reduction in the different heavy metal
concentrations in both water and sediments (Fig. 4). The ob-
served data were validated using analysis of variance (Table 5,
supplementary file), and statistical significant (p < 0.05) dif-
ference was observed for PHc and all the heavy metals con-
sidering the mean for 3 years. However, after calculating LSD
for PHc, Fe, Co, Ni, Cu, Zn, Cd and Pb, no significant differ-
ence was observed for pair 2019–2018 (Table 8,
supplementary file).

Biological parameters

Phytoplankton is considered to be an important indicator for
water pollution. According to the EU Water Framework
Directive (WFD), phytoplankton is also determined as one
of the biological quality elements for the classification of the
ecological status of surface waters (Union 1994). Increase in
nutrient input has a defined role in enhanced primary produc-
tivity by increasing phytoplankton production (Jaanus et al.
2009). In the present study, some of the diatom species like
Coscinodiscus centralis, Chlorella sp., Unidentified sp. were
reported only in lockdown samples in 2020 (Table 9,
supplementary file). In a previous study by Tewari et al.
2001, high prevalence of Coscinodiscus was reported from
Alang coast when the ship recycling activities were relatively
low. Further, overall species diversity as well as SWDI was
also high during 2020 sampling in comparison with the two
previous years of sampling. It was already reported that SWDI
value is a good indicator for pollution. Generally, SWDI value
less than 1 indicates maximum impact of pollution, 1–2 indi-
cate medium impact of pollution and more than 2 indicate the
lowest or no impact of pollution (Kankal and Warudkar
2012). Average value of SWDI presented in this study indi-
cates a higher value in both 2019 and 2020 (Fig. 5,
supplementary file). But when comparison was done between
2019 and 2020, 2020 recorded further improvement.
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When average total bacterial counts of five sampling sta-
tions similar to the plankton were compared, it was observed
that there is no significant change in the total bacterial counts.
Similarly, Vibrio counts were also not significantly changed in
the average samples collected pre lockdown (2018, 2019) and
during lockdown (2020). The genus Vibrio is a genetically
and ecologically diverse group of heterotrophic bacteria,
which are ubiquitous in marine environments, especially in
coastal areas (Zhang et al. 2018). Therefore, in the present
study, no much variation was observed.

Bioaccumulation of heavy metal in the fish tissue is a good
pollution indicator. Fish can assimilate the metals in different
ways such as ingestion of particulate solid suspended fromwater,
ingestion of feed they have taken, ion-exchange transversely into
lipophilic tissue and adsorption on tissue and skin surface
(Ahmed et al. 2016). Heavy metal accumulation study serves
two purposes; in one way, it evaluates the possible risk in con-
sumption of marine fish, and on the other hand, it gives an
indication of metal pollution level in water (Ahmed et al.
2019). Therefore, in the present study, Mullet fish tissue was
analysed for presence of selected heavy metals along with other
sampling during lockdown (2020). Apart from Fe (34.9 ppm),
Zn (18 ppm), Pb (1 ppm) and Al (13 ppm), other metals such as
Cr, Ni, Cu and Cd were undetectable. In our previous study
carried out in 2016, in the coastal catch of Mullet fish in Gulf
of Khambat, higher concentration of Pb (24.08 ppm), Cd (8.25
ppm) and Cu (33.67 ppm) was reported (Raval et al. 2017).
Therefore, it can be presumed that overall reduction in pollution
load in water and sediments has impact reduction of metal bio-
accumulation in the fish residing in the gulf water.

Conclusion

In the present study, attempt wasmade to understand the effect of
complete lockdown in the world’s biggest ship recycling yard on
total environment including ambient, coastal water and coastal
sediment. Attempt was also made to understand the decrease in
metal bio-accumulation in the fish species (Mullet) catch from
the nearby coastal environment. A significant reduction in the
particulate matters (PM10 and PM2.5) and different gaseous pol-
lutants in the ambient air was recorded during lockdown sam-
pling in comparison with sampling in 2018 and 2019 when
recycling activities were going on in full swing. Similarly, there
was drastic reduction in the majority of heavy metal concentra-
tion in the coastal water and sediments. This proves that the
coastal environment has its efficient self-cleaning potentials.
Further, this data also confirms that, in present practice along
with NH4-N, NO2-N, NO3-N and total-N, the downstreamwaste
management facility developed by GMB considerably reduced
the impact of ship recycling activities at Alang. However, there
are further scopes of improvement based on regular environment

monitoring and drawing remedial measures for reduction of im-
pact on marine environment.
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