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Abstract
A detailed coastal water monitoring near Diu coast, western part of India was performed from October, 2020 to May, 2021 
covering the 2nd lockdown time. Average monthly fluctuation from 7 different sampling stations of total 9 physico-chemical 
parameters such as pH, salinity, turbidity, nitrite (NO2), nitrate (NO3), ammonia (NH3), phosphate (PO4), total alkalinity and 
silicate were recorded. Initially, Mann–Kendall trend test for all the 9 parameters showed non-zero trend, which may be either 
linear or non-linear. During 2nd lockdown period, there was a fluctuation of value for parameters like pH, salinity, nitrate, 
nitrite and phosphate. Average total bacterial count and differential bacterial count also gradually decreased from March, 
2021 sampling. Principal component analysis (PCA) plot covering all the physico-chemical parameters as well as the differ-
ential bacterial count showed a distinct cluster of all bacterial count with total alkalinity value. Subsequently, mathematical 
equation was formulated between total alkalinity value and all differential bacterial count. Upto our knowledge, this is the 
first report where mathematical equation was formulated to obtain value of different bacterial load based on the derived total 
alkalinity value of the coastal water samples near Diu, India.
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Introduction

Diu is one of the popular tourist destination and also it is 
considered as one of the major fish landing centre and fish-
ing harbour. Ministry of Tourism, Government of India data 
showed that in the year 2014, a total of  1.01 million domes-
tic and 0.003 million foreign tourists visited Diu (NIP, 2020) 

and the number has increased further. Another important 
source of livelihood at Diu is marine fishery and in fishery 
sector, there are more than 100 big mechanized trawlers, 
around 50 numbers of mechanized fibre-reinforced plastic 
(FRP) and 250 motorized FRP operated from this fishing 
harbour regularly (Fisheries Department, Diu. 2013). Diu 
coast length is around 27 km of which number of land-
ing centre are 12. A total of 3100 fishermen families are 
involved in fishing activity, majority of which is coastal or 
deep sea fishing (Department of Fisheries. 2019).

Similar to other part of the country, due to COVID-19 
lockdown, there was a total restriction in tourists entry 
at Diu from April 2020 onwards, which was eased at low 
pace from September, 2020 (1st wave). Furthermore, there 
was another restriction during March–May, 2021 due 
to 2nd wave of COVID-19 in the country. Total marine 
catch in Diu increased from 27,000 tons in 2018–2019 to 
31,800 tons in 2019–2020 (Fisheries Deapartment, Diu. 
2013). However, there is a drastic reduction in the year 
2020–2021 due to pandemic-related reduction in fishing 
activities (personal communication, data not available so 

Responsible Editor: Philippe Garrigues.

 *	 Soumya Haldar 
	 shaldar@csmcri.res.in

1	 Analytical and Environmental Science Division & 
Centralized Instrument Facility, CSIR-Central Salt & Marine 
Chemicals Research Institute, Bhavnagar 364 002, Gujarat, 
India

2	 Applied Phycology and Biotechnology Division, 
CSIR-Central Salt & Marine Chemicals Research Institute, 
Bhavnagar 364 002, Gujarat, India

3	 Academy of Scientific and Innovative Research (AcSIR), 
Ghaziabad 201002, India

/ Published online: 14 February 2022

Environmental Science and Pollution Research (2022) 29:45971–45980

http://orcid.org/0000-0001-9989-8137
http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-022-19168-0&domain=pdf


1 3

far). Recently, our group has reported the self-replenishing 
capacity of Alang ship recycling yard (the world largest 
ship recycling yard), area located 30 km away from Diu, 
and it was clearly shown that due to cessation of anthro-
pogenic activities, during April–May, 2020; there is a con-
siderable reduction in different physico-chemical param-
eters in both coastal water and sediment samples as well 
as in the ambient air (Chanchpara et al. 2021). In another 
recent study, it has already been reported that different 
anthropogenic activities are the source of water pollution 
(Lotliker et al. 2021). Furthermore, the coastal water of 
India in the vicinity of major cities are strongly influenced 
by the anthropogenic discharges (Zingde and Govindan. 
2000; Verlecar et al. 2006; Khatri and Tyagi. 2015; Gopal 
et al. 2018). However, there is no such study in compara-
tively pristine environment like Diu where anthropogenic 
impacts are mostly depend on the tourist inflow and fish-
ing-related activities. CSIR-CSMCRI has initiated a pro-
ject to monitor the monthly physico-chemical and biologi-
cal parameters of Diu coast from October, 2020.

Based on all the data, the objective of the present work is 
(1) to understand the impact of 2nd lockdown (March–May, 
2021) with respect to different physico-chemical as well as 
biological parameters including bacterial distribution in 
comparison to the previous months when normal activities 
prevailed (2) to identify the physico-chemical factor which 
can regulate bacterial load and (3) to develop an algorithm 
to co-relate between different bacterial counts and the iden-
tified physico-chemical parameter. Upto our understanding, 
this is the first report where attempt is made to correlate spe-
cific physico-chemical parameter and bacterial load based 
on mathematical equation. This work will definitely help to 
understand the coastal health of other area when selected 
physico-chemical parameters are available. This study will 
also help to improve the coastal management by restricting 

the release of selected parameters which indirectly reduce 
the load of the pathogenic bacteria.

Materials and methods

Selection of sampling stations and collection 
of samples

Sampling sites were selected in the area which is 3–10 km 
away from the Diu coast. Station 1 (S1) was selected for 
establishment of buoy which will collect selective physico-
chemical data online in the future. This point is away from 
the regular vessel movement and all other stations were 
selected based on their location having an approximate 
depth of 15 to 20 m representing the coastal and near shore 
sampling location. Emphasis was given to select station 
where impact of near shore anthropogenic activity can be 
reflected. A total of 7 sampling stations were selected and 
monthly water samples were collected from all the stations 
as illustrated in Fig. 1 and sampling was done in the morning 
from 8 to 12 h. All the sensitive parameters were analysed 
within 3–6 h after collection of the samples. For microbiol-
ogy, after collection, all the samples were stored in cool pack 
and microbiological platting were made within 6 h at field 
laboratory (Haldar et al. 2011). A total of 6-month sampling 
programme were carried out covering the same stations. The 
sampling months were October, 2020; January, February, 
March, April and May, 2021.

Analytical method for physico‑chemical parameters

The analysis of different physico-chemical parameters of 
seawater samples, i.e. pH, salinity, turbidity, nitrite (NO2

−), 
nitrate (NO3

−), ammonia (NH3), phosphate (PO4
−), total 

Fig. 1   Map showing the 
selected sampling locations
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alkalinity and silicate were done as per our previous 
paper (Haldar et al. 2014) following the detailed methods 
described in APHA. (2017). In detail, pH was measured by 
pH pen (Eutech), salinity was measured by hand held device 
(ATAGO Master refractometer) and turbidity was measured 
by turbidometer TN-100 (Eutech). Calibration was made 
before all measurements and all samples were measured at 
the site just after collection. The nutrient parameters such 
as nitrite, nitrate, ammonia and inorganic phosphate were 
analysed spectrophotometrically on an UV–Vis spectropho-
tometer (Shimadzu-1201). Nitrite (NO2

−) in the sample was 
allowed to react with sulphanilamide in acidic solution. The 
resulting diazo compound was reacted with N-(1-naphthyl)-
ethylenediamine to form a highly coloured azo-dye and the 
absorbance was measured at 543 nm. Nitrate (NO3

−) was 
estimated as nitrite as above after its reduction by passing 
the sample through a column packed with amalgamated cad-
mium. Ammonia (NH4) in seawater was allowed to react 
with hypochlorite in moderately alkaline solution to form 
monochloramine, which in presence of phenol and excess 
of hypochlorite formed indophenol blue complex which 
was measured at 630 nm. Inorganic phosphate (PO4) was 
determined by adding acidified molybdate reagent to yield 
phosphor-molybdate complex which was then reduced with 
ascorbic acid to form a highly coloured blue compound 
which was measured at 882 nm.

Bacteriological analysis

Selective media were used for isolation of different bacterial 
species from coastal water and all the media were purchased 
from HiMedia, India. Thiosulfate citrate bile salts sucrose 
(TCBS) agar was used for culture of pathogenic Vibrio spe-
cies, MacConkey and MacConkey Sorbitol agar (Mac-S) 
were used for isolation of Escherichia coli, Aeromonas iso-
lation media (AIM) were used for isolation of Aeromonas 
hydrophila, xylose-lysine deoxycholate (XLD) agar was 
used for isolation of Salmonella spp., Pseudomonas isola-
tion agar (PIM) was used for isolation of Pseudomonas sp. 
Zobell Marine agar (ZMA) was used for isolation of total 
heterotrophic bacteria. The detailed culture method was 
adopted from our previous study (Patel et al. 2014). In detail, 
100 µL of water samples were inoculated in each plate and 
incubated at 37 °C for 48 h. Subsequently, colonies were 
counted and the bacterial load was expressed in CFU/mL 
after multiplying with the dilution factor.

Statistical analysis

The statistical analysis of the obtained data was performed 
and for this purpose, the primary data was rearranged 
for the ease of analysis. As the sampling points were not 
very far from each other (0.5–1.0 km apart), there were 

small variations recorded from the one site to another site. 
Henceforth, the mean value for each parameter for one-time 
monthly sampling covering all the stations were consid-
ered. Initially, Mann–Kendall trend test for all the 9 param-
eters were performed to understand the possible trend in 
6 months’ data obtained from the sites. After Mann–Kendall 
test (non-zero trend), which may either be linear or non-
linear, Mann–Kendall test statistic (“trend package”) is cal-
culated according to:

where S is the trend value, n is the number of experimen-
tal inputs, sgn is the signum function, xj and xk are jth and kth 
variables, respectively. Thereafter, a trend graph was plotted 
based on the 6-month data obtained from the different sites. 
Mann–Kendall trend test was performed using ‘trend’ pack-
age of ‘R’ statistical software while the graphical plots were 
generated using MINITAB software.

Results

Water health of Diu coast during lockdown

A detailed monthly variation in different water quality 
parameters were analysed and interpreted using Mann–Ken-
dall trend test. Thereafter, a trend graph was plotted based on 
the 6-month data obtained from the different sites. Fluctua-
tions during March, 2021 to May, 2021 were noted when the 
activity was minimum due to 2nd phase of COVID-19 lock-
down. pH of the coastal water is one of the sensitive param-
eters and overall saline water has an alkaline pH. The pH 
values observed in this study varied between 7.5 and 8.3, and 
for which the p-value from the trend test is comparatively 
low (0.08517) which signifies that the actual value followed 
predicted trend line as shown in the Fig. 2a. Salinity values 
varied between 30–33 ppt as shown in Fig. 2b where both 
the trend lines are comparable thus there is a drop of salinity 
value during April-month sampling and this phenomena is 
due to no anthropogenic activity. It is observed that there is 
no particular trend in the monthly salinity data which was 
evidenced by the greater p-value, 0.8404.

After 1st lockdown, sampling started from October, 2020 
and there was a gradual increase in the value of turbidity 
upto March, 2021 as shown in the Fig. 3a. Turbidity value 
varied between 2.9 and 5.6 NTU. The p-value for the trend 
test of turbidity was observed as 0.0267, a significant posi-
tive trend was found in the datasets. Furthermore, when the 
2nd phase lockdown initiated, a flat trend line was observed 
in all the stations and this may be due to the fact that reduc-
tion of vehicular movement do not have significant impact 

S =
∑n−1

k=1

∑n

j=k+1
���(xj − xk)

45973Environmental Science and Pollution Research (2022) 29:45971–45980



1 3

on the turbidity value. However, an overall upward trend was 
observed in the total study period.

In case of total alkalinity, when complete lockdown was 
maintained due to 2nd wave of COVID-19 (April, 2021), a 
sudden surge of total alkalinity value was observed as in the 
Fig. 3b. Overall, the total alkalinity value varied between 10 
and 30 mg/L. The obtained p-value for the trend test of the 
total alkalinity is 0.8483, indicating that there is no regular 
trend in the monthly total alkalinity data. This variation may 
be due to sharp increase in value during the month of April, 
2021.

There were no regular trends observed for nitrite and 
nitrate concentrations during this period. The value varied 
between 0.08 and 14.63 mg/L. During October sampling, 
high value of NO2

− was recorded in all the stations, which 
decreased substantially in the following month samples. 
There was a decreasing trend of NH4-N value which varied 
from 0.02 to 1.19 mg/L. The obtained p-value for nitrate, 
nitrite and ammonia were 0.08517, 0.8483 and 0.08517, 
respectively.

Overall, the silicate value of different water samples 
with different sampling period varied between 2.33 and 

15.63 mg/L. Silicate values were high at the initial stage 
(Fig. 4a), then it reduced sharply and maintained an almost 
straight line during subsequent months.

Imbalance in nitrate and phosphate ratio causes 
eutrophication and in the present study, there was no sig-
nificant trend of average phosphate concentration because 
the p-value is 0.8483. The phosphate concentration was 
near minimal during April, 2021 sampling as illustrated 
in Fig. 4b. The oveall PO4

− value varied between 0.01 
and 0.6 mg/L; as phosphate has a huge impact on primary 
productivity of coastal water, this outcome predicts that 
the primary productivity was low during the 2nd phase 
lockdown.

Fig. 2   Trend analysis plot for the monthly fluctuation of a pH and b 
salinity in all stations

Fig. 3   Trend analysis plot for the monthly fluctuation of a turbidity 
and b total alkalinity in all stations
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Microbiology data

In the case of E. coli, during October sampling, the value 
was varied between 20 and 260 CFU/mL; however, in the 
subsequent months, it reduced drastically and in majority 
of the samples, E. coli was not detected. Similar trend was 
observed in the case of Aeromonas sp., which was var-
ied between 20 and 90 CFU/mL during October sampling 
and again appear during April samples (varied between 10 
and 790 CFU/mL). Salmonella sp. was also recorded in 
lesser number during April, 21 sampling (20 to 80 CFU/
mL). Streptococcus sp. was only detected in S2 station 
(110 CFU/mL) during initial sampling (October and Feb-
ruary) which was completely undecetable in all other sta-
tions throughout the study period. Pseudomonas sp. was 
detected throughout the sampling periods from majority of 
the stations. The number varied between 10 and 700 CFU/
mL Table 1.

Bacterial load with respect to selected 
physico‑chemical parameter of the coastal water

Among the different physico-chemical parameters 
tested, there was a sudden f luctuation of alkalinity 
values in the 6-month sampling data. The outcome of 
PCA revealed that the total alkalinity value formed a 
close cluster with all the bacterial load value (Fig. 5) 
while the other physico-chemical parameters formed 
separate clusters. Alkalinity has a long term impact 
on different physico-chemical parameters and also 
the PCA analysis shows that the different bacterial 
load has a relation (formed same cluster in PCA plot) 
with total alkalinity value. Therefore, an attempt was 
further made to derive a mathematical relationship 
(regression analysis) between obtained total alka-
linity value and the differential bacterial loads. It 
was observed that total bacterial count derived by 

Fig. 4   Trend analysis plot for the monthly fluctuation of a nitrite, b nitrate and c ammonium nitrogen in all stations
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platting in ZMA medium and other differential bac-
terial counts such as TCBS, Mac Conkey-S, AIM, 
XLD and PIM showed the relationship with total 
alkalinity by the equations mentioned in the Table 2. 
Furthermore, these equations were validated with the 
obtained data.

Discussion

Water health status of Diu coast during lockdown

It is reported that due to anthropogenic activities including 
vehicular movement, there is an increase in atmospheric car-
bon dioxide (CO2) concentrations which finally sink to ocean 
resulting ocean acidification and pH reduction (Gao et al. 
2019). The complete halt of vehicular movement as well as 
fishing boat operations during the 2nd phase of COVID-19 
lockdown would have resulted in the slight reduction of pH.

The total difference in salinity value was 3 ppt only, there-
fore, it has no significant effect on the overall environment. 
As reverse osmosis-based desalination, plants are getting 
popularized throughout coastal India, one of the major draw-
back is the release of reject water discharged back to the 
coastal water which has much higher salinity than normal 
seawater (Ahuja et al. 2014; Hussain et al. 2019). Due to 
complete lockdown, the desalination plants were non-opera-
tional, which might be the reason for the reduction of overall 
salinity during the 2nd phase lockdown sampling.

There was a sudden increase in total alkalinity value in 
all the station during April, 21 sampling and the reason for 
sudden increase in total alkalinity was not understood com-
pletely. However, the high alkalinity value helped to stabilize 
the marine water pH. During May, 2021, again, the value 
came down to the normal level. Sewage discharges both 
treated and partially treated as well as other domestic efflu-
ents are the major cause for the variation of nutrient concen-
tration in the coastal area (Peters and Meybeck. 2000; Buck 
et al. 2004; Zhang et al. 2009; Hussain and Badola. 2008; 
Uddin and Jeong. 2021). However, during the 2nd phase 
lockdown (March to May, 2021) an interesting relation was 
observed between NO3

−, NO2
− and NH4-N concentrations 

as illustrated in the Fig. 6a–c. Nitrate value was maximum 
during April (varied between 1.63 and 3.16 mg/L) and May, 
2021 (varied between 1.09 to 3.3 mg/L) in comparison with 
nitrite and ammonia values. This might be due to the activ-
ity of de-nitrifying and ammonifying bacteria in the water 
which generally convert nitrate to nitrite to ammonia (Zakem 

Fig. 5   Trend analysis plot for the monthly fluctuation of a silicate and 
b phosphate in all stations

Table 1   Statistical coorelations 
from the trend analysis for the 
parameters

Parameters Equation MAPE MSD MAD p-value

pH Yt = 7.547 + 0.1203 × t 0.957837 0.008950 0.076451 0.08517
Turbidity (NTU) Yt = 2.956 + 0.447 × t 9.12586 0.20973 0.40000 0.02677
Total alkalinity (mg/L) Yt = 10.45 + 1.05 × t 20.9923 19.0209 3.2867 0.8483
Salinity (ppt) Yt = 31.667 − 0.029 × t 1.86737 0.45651 0.58730 0.8404
Nitrate nitrogen (mg/L) Yt = 0.428 + 0.3469 × t 17.9825 0.0911 0.2797 0.8483
Phosphate (mg/L) Yt = 0.404 − 0.0457 × t 146.385 0.029 0.163 0.8483
Ammonium nitrogen (mg/L) Yt = 0.734 − 0.1221 × t 58.4933 0.0297 0.1416 0.08517
Silicate (mg/L) Yt = 9.43 − 1.493 × t 64.8715 7.2636 2.2934 0.2423
Nitrite nitrogen (mg/L) Yt = 0.233 + 0.4229 × t 15.8708 0.0830 0.2380 0.08517
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et al. 2018). There might be other reactions such as direct 
reduction from nitrate to ammonium, a process known as 
dissimilatory nitrate reduction to ammonium or DNRA (An 
and Gardner. 2002). It can be concluded that the microbial 
activity was strong during this 2nd phase lockdown period.

It is already reported that silicate can enter to the coastal 
water through river discharge, sub-marine ground water 
discharge and to a small extent through coastal upwelling 
(Kumar. 2021). Also, silicate to nitrate ratio has a signifi-
cant impact on the phytoplankton community in the coastal 
waters. Furthermore, it was also hypothesized that change 
in silicate to nitrate ratios were the possible reason for the 
occurrence of frequent harmful algal bloom (HABs-dino-
flagellates) in the coastal water of Arabian sea (Kumar. 
2021). However, no such occurrence was observed dur-
ing March to May, 2021 in the study area and this was 
established by high p-value (0.2423) signifying that the 

fluctuations of monthly observed value of silicate may not 
support the formation of HABs.

Microbiology of Diu coastal water

It was already reported that coastal water is the hotspot 
for the reservoir of different pathogenic bacteria (Shinde 
et al. 2020). Furthermore, cases of water borne diseases are 
directly related to their primary proximity to the coast (Bata-
byal et al. 2014). Therefore, monitoring the different patho-
genic bacterial load is eminent to understand the coastal 
water quality in a better way. Overall, the trend of bacte-
rial analysis covering diversified pathogen includes E. coli, 
Aeromonas, Vibrio, Pseudomonas, Salmonella, Enterococ-
cus and total bacterial load of water samples collected from 
different station with sampling period revealed that during 
initial sampling period (October, 20), there was a higher 
load of various pathogenic bacteria in the water samples 
from different station which was reduced drastically during 
the later months of sampling. However, during April–May 
21 sampling, the bacterial load was again showed increasing 
trend. This might be due to the fact that the pathogenic bac-
terial loads were principally dependent on the anthropogenic 
activity. In a recent study, at pristine environment at Gulf of 
Mannar (eastern part of India), similar trend of bacterial load 
was observed after lockdown sampling (Edward et al. 2021).

Global scenario of the improved water quality due 
to the lockdown

In recent past, many papers have been published world-
wide showing overall improvement of water quality due 
to COVID-19-related lockdown and cessation of anthro-
pogenic activities (Chakraborty et al. 2021). Robin et al. 
(2021) reported fewer plastic waste in the coastal water 
due to reduced anthropogenic activity in the Chennai coast. 
According to Yunus et al. (2020), the quality of lake water 
in China has improved as a result of COVID-19-related 
lockdown. Tokatlı and Varol. (2021) reported that COVID-
19 lockdown results in a significant decrease in heavy met-
als in river water, which further improved overall water 

Table 2   Mathematical relationship between the bacterial mean value and the total alkalinity

Media used for 
culture

Type of bacterial cultures Regression equation Correlation value p-value

ZMA Total bacteria counts ZMA mean =  − 728 + 1138.8 × total alkalinity 0.9643581 0.001883
TCBS Vibrio load TCBS mean =  − 114.12 + 10.044 × total alkalinity 0.9968413 1.495e-05
Mac. S Escherichia coli Mac.S mean =  − 118.04 + 10.13 × total alkalinity 0.9983208 4.227e-06
AIM Aeromonas hydrophila AIM mean =  − 114.12 + 10.044 × total alkalinity 0.9948055 4.04e-05
XLD Salmonella spp. XLD mean =  − 12.63 + 1.189 × total alkalinity 0.9704215 0.001299
PIM Pseudomonas sp. PIM mean =  − 25 + 10.8 × total alkalinity 0.5171161 0.2935

Fig. 6   PCA plot of bacterial load with physico-chemical parameters
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quality. In the Philippines, it has been reported to improve 
the water quality due to less wastewater discharge due to 
closing of the restaurant, shopping, malls in the lockdown 
period (Pacaol. 2021). COVID-19 lockdown has also been 
reported to reduce the industrial activities in the Morocco 
which resulted in reducing the pollution in Boukhalef river 
(Cherif et al. 2020). Our present study supports that all these 
findings where considerable improvement of water qual-
ity with respect to physico-chemical as well as reduction 
in microbiological load were reported in the Diu coast of 
western India due to COVID-19-related lockdown followed 
by cessation of anthropogenic activities.

Relationship between selected physico‑chemical 
parameter and bacterial load in the coastal water

As total alkalinity value formed a closed cluster with mean 
value of all the differential bacteria load, it is assumed that 
alkalinity value might have a role in the proliferation of dif-
ferent type of bacteria in the coastal water. Total alkalinity 
is a measure of the ability of a solution to resist a change 
in pH and is one of the important parameter that describe 
the seawater carbonate system (Rheuban et al. 2021). Since 
the industrial revolution, fossil fuel burning and land use 
changes have resulted in significant amount of carbon diox-
ide release and global warming (Lelieveld et al. 2019). Thus 
far, about one-third of this emitted CO2 has been taken up 
by the ocean (Sabine et al. 2004; Sabine and Feely. 2007). 
Although, previously, it was reported that burial of cal-
cium carbonate have focused on pelagic open ocean pro-
duction and sink within deep-sea sediments (O’Mara and 
Dunne. 2019). Later, it was revealed that despite represent-
ing less than 7% of the seafloor, coastal and continental 
shelf (neritic) environments of less than 200 m water depth 
account for more than half of all calcium carbonate accu-
mulation in ocean sediment globally (Milliman. 1993; Mil-
liman and Droxler. 1996; Iglesias-Rodriguez et al. 2002). 
In general, absorption of CO2 in the coastal water depends 
on many factors such as freshwater discharge, stratification, 
water resident time, eutrophication and upwelling (Rheuban 
et al. 2021). In a time series study from 2007 to 2015, it was 
reported that synchronous increase in total alkalinity were 
faster during spring–summer transition and it is a useful 
indicator of marine ecosystems’ vulnerability to acidifica-
tion pressure from various CO2 sources (Kapsenberg et al. 
2017). However, total alkalinity is not typically monitored 
by community science organizations because of financial 
and analytical barriers. In general, it was reported that 
increase in nitrate and phosphate can cause a small decrease 
in total alkalinity (Wolf-Gladrow et al. 2007). Therefore, 
it can be assumed that total alkalinity may have an influ-
ence on the different bacterial load, eventually to the over-
all coastal health. In a previous study, it was reported that 

among different physico-chemical parameters, pH was the 
only statistically significant factor influencing the bacterial 
load (Salazar et al. 2020). Upto our understanding, this is 
the first report which can provide the approximate value of 
differential bacterial load in the coastal water by formulat-
ing a mathematical correlation with the common physico-
chemical parameter like total alkalinity.

Conclusions

A detailed study was carried out to understand the impact 
of 2nd phase of COVID-19 lockdown from March to May 
2021, on different physico-chemical parameters by analysing 
monthly average data of Diu coast, India. Due to the cessa-
tion of anthropogenic activity including tourist movement, 
sudden changes of pH, salinity, nitrite, nitrate and phosphate 
values were observed. Also there was a decreasing trends of 
different bacterial counts during this period (April, 2021). 
PCA study including all the physico-chemical and bacterio-
logical counts showed there is single cluster of total alka-
linity with all the differential bacterial count. Furthermore, 
mathematical correlation between total alkalinity and all 
other bacterial loads obtained by platting in different selec-
tive media was derived. The outcome of the work helps to 
predict the different bacterial load by only understanding 
the total alkalinity value of the study area which will have 
significant impact for understanding the coastal health.
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