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Abstract
The entire world is affected by Coronavirus disease (COVID-19), which is spreading 
worldwide in a short time. India is one of the countries which is affected most, therefore, 
the Government of India has implemented several lockdowns in the entire country from 
April 25, 2020. We studied air pollutants (i.e., PM2.5, Black Carbon (BC), and Polycyclic 
Aromatic Hydrocarbons (PAHs) level, and observed significantly sudden reduced. In India, 
most of the anthropogenic activities completely stopped. Therefore, we studied the levels 
of BC, PAHs and PM2.5 concentrations, their sources apportion, and health risk assessment 
during normal days, lockdown (from lockdown 1.0 to lockdown 4.0) and unlock down 1.0 
situation at Sakchi, Jamshedpur city. It was observed that lockdowns and unlock down situ-
ations BC, PAHs and PM2.5 concentrations were significantly lower than regular days. We 
applied the advanced air mass back trajectory (AMBT) model to locate airborne particulate 
matter dispersal from different directions to strengthen the new result. The diagnostic ratio 
analyses of BC shows that wood burning contribution was too high during the lockdown 
situations. However, during normal days, the PAHs source profile was dedicated toward 
biomass, coal burning, and vehicle emission as primary sources of PAHs. During the lock-
down period, emission from biomass and coal burning was a significant contributor to 
PAHs. The summaries of health risk assessment of BC quantified an equal number of pas-
sively smoked cigarettes (PSC) for an individual situation was studied. This study focuses 
on the overall climate impact of pandemic situations.
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1  Introduction

The world is facing an extremely challenging situation due to the feast of coronavirus dis-
ease (COVID-19) infectious diseases caused by a recently discovered coronavirus. Based 
on the increasing rate of COVID-19 worldwide, the World Health Organization (WHO) 
has announced the COVID-19 as an ‘international pandemic’. The government of many 
countries declared lockdown in their countries as a containment strategy after mid of 
March. According to WHO, 215 countries were seriously affected by a coronavirus 
(COVID-19) disease before June 1, 2020. Due to COVID-19 diseases, over 6.2 million 
infection cases and 374,229 death were conformed reported throughout the world (WHO 
2020b). The first COVID-19 positive person was confirmed reported on January 30, 2020, 
in India, and the first death was confirmed reported on March 12, 2020 (WHO 2020a). 
COVID-19 is still increasing day-to-day in India. Due to this pandemic scenario, India’s 
Prime Minister declared a public curfew on March 22, 2020. Furthermore, India (GoI) gov-
ernment announced a nationwide lockdown (phase I) for more than half a month (21 days) 
that started from March, 25 to April 1 4, 2020. Phase II was for 19 days from April, 15 
to May 3, 2020. Phase III & IV was for 14 days each i.e., started from 4th May to 31st 
May 2020. To control COVID-19, GoI recommended the Indian states and citizens to strin-
gently maintain the social distancing ways as a precautionary tactic. Although on one side, 
the COVID-19 outbreak was an extreme condition for human life, on the other side, it has 
had specific positive influences on the natural situation. In this present work, we had evalu-
ated the effect on the atmospheric concentration of various pollutants such as black car-
bon (BC), and Polycyclic Aromatic Hydrocarbons (PAHs)) during regular days, different 
phases of lockdown, and unlock down 1.0.
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The BC and PAHs are major constitutes of PM2.5 in the atmosphere. BC and organic 
carbon (OC) are two essential components of carbonaceous aerosols, which are the most 
significant segments of airborne particles (Prasad et al. 2018). Some new studies reported 
that BC might be second-most elevated compared to the greenhouse effect (GHE) and CO2 
(Liu et al. 2018). Furthermore, BC is also responsible for glacier melting due to its deposi-
tion on snow’s surface (Prasad et al. 2018). BC has the physical property to absorb visible 
light because of its dark or intense black color (Cachier 1995; Hansen et  al. 1984). As 
a result, it produces a strong heating effect in the Himalayan–Tibetan region (Lau et  al. 
2010). BC can serve as CCN (cloud condensation nuclei) and affect clouds’ microphysical 
properties when it is mixed with water-soluble aerosol compositions (Riemer et al. 2010; 
Rose et  al. 2011). Due to smaller size and irregular morphology, BC may cause severe 
health problems such as mutagenic/carcinogenic pollutants like polycyclic aromatic hydro-
carbons (PAHs) and can penetrate deeply into the bronchial part (Janssen et  al. 2012). 
Day-to-day BC emissions have been increasing due to energy demands, industrialization, 
urbanization, uncontrolled agricultural waste burning, and forest fires in the East and South 
Asia region (Rastogi et al. 2016; Vadrevu et al. 2015). According to Ramanathan and Car-
michael 2008, BC emitted 20% from bio-fuel burning, 40% from open biomass burning 
and fossil fuel burning. Previous research reported that Asia was the highest BC emission 
producer in 2000 (Ohara et al. 2007).

Polycyclic aromatic hydrocarbons (PAHs) are organic chemical pollutants with two or 
more aromatic-fused rings fused (Arey and Atkinson 2003; IARC 1984). PAHs are emit-
ted from both natural and anthropogenic processes. In atmosphere, chief natural sources of 
PAHs are volcanic eruption fires and forest fires (Baek et al. 1991) while primary anthro-
pogenic sources are coal combustion, biomass burning, petroleum, coke and metal produc-
tion, etc. (Zhang and Tao 2008). Mainly PAHs are emitted from vehicle emission (Bull 
2003; Liu, Liu, Lin, Mostert et  al. 2010; Wang et  al. 2007), industrial activities, during 
energy production, and incomplete burn of carbonaceous materials (Xu et al. 2006; Cris-
tale et al. 2012). The study of PAHs receives significant concerns from the last few decades 
because of its harmful properties such as carcinogenic, teratogenic, and mutagenic proper-
ties (Boeuf et al. 2016). Almost 95% of PAHs are associated with size below 3 µm (Venka-
taraman et al. 1994).

In this study, we assessed the variation in BC, PM2.5 and PAH data in Jamshedpur city, 
India during normal days, lockdown 1.0, lockdown 2.0, lockdown 3.0, lockdown 4.0, and 
unlock down 1.0 in the COVID-19 pandemic. This study helps to understand the condi-
tions of atmosphere, sources appropriation, and health risk assessment of Jamshedpur city 
during COVID-19 (Table 1).

2 � Sampling site

BC measurements were made in the Sakchi, Jamshedpur city (220 80′ N Longitude and 
860 20′ E Latitude), located in the southern part of Jharkhand, India. Sakchi is the heart 
of Jamshedpur. The city stretches over the Chota Nagpur Plateau (CNP) area and covers 
approximately 6500 km2. Sackhi is the central part of Jamshedpur and is a very densely 
populated area. The total population of the city of Jamshedpur is around 1.3 million 
(according to the 2011 census). The city of Jamshedpur is surrounded on one side by the 
Dalma Hills which include dense forested areas, green mountains, and world-renowned 
large industrial conglomerates such as TATA Motors and TATA Iron and Steel Company 
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(TISCO). The Adityapur Industrial Development Authority (AIDA) area is also located in 
the city of Jamshedpur. More than 1000 industries (small, medium, and large industries) 
operate in Adityapur in the AIDA region. The main source of pollution in this area is emis-
sions from city building construction, traffic emissions, road construction, and industrial 
activities. The map of the sampling location is shown in Fig. 1. Due to the large number of 
industries and road networks that are the main source of BC, PM2.5 and PAH in the atmos-
phere of the city of Jamshedpur. BC, PAHs, and PM2.5 aerosols were monitored in three 
situations (normal days, different lockdown, and unlock down situations) environment or 
we can say that six situations, i.e., normal days (ND), lockdown 1.0 (LD 1.0), lockdown 
2.0 (LD 2.0), lockdown 3.0 (LD 3.0), lockdown 4.0 (LD 4.0), and unlock down 1.0 (ULD 
1.0).

3 � Measurements and methodologies

3.1 � Measurement of BC mass concentrations

The various essential methodologies to measure the BC mass concentration compared to 
other techniques like particle soot absorption photometer, thermal oxidation/reflectance, 

Table 1   BC, PM2.5 and PAHs concentrations data of normal days, different lockdown situations, and unlock 
down situations at Sakchi, Jamshedpur

ND = Normal Days, LD 1.0 = Lockdown 1.0, LD 2.0 = Lockdown 2.0, LD 3.0 = Lockdown 3.0, LD 
4.0 = Lockdown 4.0 and ULD 1.0 = Unlock down 1.0

BC PM2.5 PAHs

Min Max Mean SD Min Max Mean SD Min Max Mean SD

ND 6.61 16.45 9.40 2.73 91.67 205.67 136.26 32.16 128.81 150.52 135.70 24.60
LD 1.0 1.19 2.44 1.85 0.36 26.37 62.61 41.39 8.33 12.81 16.04 14.92 03.84
LD 2.0 1.31 2.79 2.24 0.55 25.39 69.88 43.75 12.45 15.97 16.46 16.19 02.81
LD 3.0 1.07 3.35 2.69 0.71 29.11 58.00 45.50 9.14 14.52 16.91 15.46 05.85
LD 4.0 2.25 5.27 4.11 1.02 30.41 79.35 52.99 16.21 33.62 42.23 16.16 10.56
ULD 1.0 2.97 9.64 5.64 1.68 59.34 120.54 86.48 15.77 53.60 66.32 61.42 15.95

Fig. 1   Satellite aerial view of the sampling site at Sakchi, Jamshedpur city
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coefficient of haze tape sample, etc. (Allen et al. 1999). Aethalometer is the most straight-
forward technique to measure the BC mass concentrations because, the mass concentration 
of BC aerosol is measured with the help of seven different wavelengths 370 nm, 470 nm, 
525 nm, 590 nm, 660 nm, 880 nm, and 940 nm. This technique is based on a filter that 
methods the attenuation of light because the particle’s mass is deposited on a filter. The 
air inlet was fitted to the roof of the building. Atmospheric air pumped over an inlet at 
the flow rate (nearby 5 LPM) that collides on a quartz filter. BC mass concentrations 
were reported on the time basis of every 5 min. According to recent research, 880 nm is 
the standard wavelength for measuring BC mass concentration because BC is the main 
absorber of light in this particular wavelength; further, aerosol components have unrelated 
absorption (Weingartner et al. 2003). At 880 nm, a light beam from an extraordinary-inten-
sity light-emitting-diode lamp was transferred over the sample collected on the filter strip. 
Continuous real-time observation of BC mass concentrations was performed from three 
different situations i.e., normal days, lockdown (from LD 1.0 to LD 4.0), and unlock down 
situations. Lockdown and unlock down situations were entirely affected by the COVID-19 
pandemic.

3.2 � Measurement of PM2.5 and PAHs concentrations

The sampling was conducted using a mini volume sampler (Envirotech Model APM 550) 
operating at a continuous flow rate of 16.5 L/m3. PTFE filter (47 mm, Merck, catalog no- 
PM2547050) was used to collect particulate associated PAHs. Before examining, the fil-
ter was weighed and kept in a desiccator. Weight balance having a single pan-top load-
ing digital weight balance (VWR, Model no: VWR1611-2263: with Weighing Chamber 
L × W × H: 162 × 171 × 225  mm) was used. The foundation contamination was checked 
using operational blanks (unexposed filters), which were handled simultaneously with field 
tests. Furthermore, the sample filter was kept in a culture box. These samples were retained 
at 4  °C for preservation. The sample was kept in the refrigerator until analysis. In this 
study, a total of 16 PAHs were analyzed. 16 priority USEPA-PAHs were extracted using 
soxhlet extraction. To avoid dust loss, the filter was divided into two or more pieces and 
put into 200 mL distillation vessels for 10 h. Using the dichloromethane (DCM) solvent 
in which the extraction cap is primarily dropped and illustrations almost more than 97% 
recovery rates. After the extraction process was done. The extracted volume was decreased 
to 10 mL by rotary evaporator. The temperature of the chiller was maintained for condens-
ing DCM. The solvent boiling of the, such that the entire extraction period is decreased 
whereas the vaporized solvent reduces rapidly for reprocessing, dropping the amount of 
total solvent necessary. Sodium sulfate—silica gel column (glass column of 30  cm long 
and 3  cm in diameter) was used for extract purification. Further, 99% pure nitrogen gas 
was used again and again to reduce the volume of purified extract up to 1–2 mL and then 
quantified by advanced Gas Chromatography (GC- FID, Agilent 7890B) coupled with a 
flame ionization detector (FID) equipped with capillary column HP- 5MS (30 m × 0.25 mm 
i.d × 0.25 µm). Nitrogen gas was used as carrier gas with a flow rate of 2 mL min−1. In the 
splitless mode, 1 µL of each sample was injected into GC-FID. The oven temperature was 
started at 60 °C for 3 min and increased up to 320 °C at a rate of 5 °C min−1 and kept for 
20 min. The 16 USEPA priority PAH concentrations were quantified with the help of the 
peak area of spectra and retention time. The field and laboratory blank samples were iso-
lated and then examined similarly to the field sample. The PAH compound was not identi-
fied in the blank samples.
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3.3 � Source apportionment method of BC mass concentration and PAHs

In this study, a handy aethalometer was used to reveal the source apportionment of BC 
mass concentration. Many methods were used to clarify the source apportionment of BC 
mass concentration, such as positive matrix factorization (PMF), the macro-tracer method, 
principal component analysis (PCA), chemical mass balance (CMB), the aethalometer 
model, and other specialized models (Florou et al. 2017; Thepnuan et al. 2019; Briggs and 
Long 2016; Belis et  al. 2013; Larsen et  al. 2012; Favez et  al. 2010). But Aethalometer 
is one of the easiest methods. This model characterizes fewer source-category (e.g., traf-
fic emissions and wood burning); however, it only requires a different-wavelength light 
absorption dataset (Zotter et al. 2017). Significant sources of BC mass concentrations were 
incomplete combustion of biofuel burning and fossil fuel in the atmosphere. To character-
ize the BC mass sources of regional emissions from the sources mentioned above, we must 
determine the percentage difference in BC measured at two wavelengths i.e., BC370 and 
BC880.

From Eq. (1), if the percentage difference of BC value was reported to a negative frac-
tion, it suggested that BC emission comes out from fossil fuel (e.g., diesel, petrol, etc.). 
And if a difference in the percentage of BC value was reported to positive fraction, it sug-
gested that BC emission comes out from wood burning (e.g., domestic use products like 
coal, forest fire, dry leaf, etc.) (Wang et al. 2011).

We can have characterized the different sources of PAHs from diagnostic ratio analy-
sis. For diagnostic ratio analysis, the biomass burning, coal burning, traffic emission, and 
industry emissions were analyzed. We also described the fire count data and air backward 
trajectory to analyses the source apportionment of BC mass concentrations, PAHs, and 
PM2.5 concentrations.

3.4 � Assessment of health risks of BC

According to modern scientific studies and current research, exposure to BC may cause 
serious health issue to humans such as non-cancer (respiratory-related problem, cardio-
vascular diseases) and cancer (lung cancer) diseases in humans (Niranjan and Thakur 
2017; De Prins et al. 2014; Magalhaes et al. 2018). The health risks of passive smok-
ing are equivalent to the health risk of BC (e.g., Muller and Muller 2013; Wu et  al. 
2018; Van der Zee et al. 2016). Since both show identical characteristics. Mainly three 
main features show to compare the health risk between passive smoking and BC aer-
osol, (1) both show alike health effects, (2) contact to environmental tobacco smoke 
(ETS) and atmospheric BC contamination, and (3) both risks have the similar expo-
sure way, i.e., through inhalation (Van der Zee et al. 2016). According to Van der Zee 
et  al. 2016 had developed a model by which we can easily determine the health haz-
ard evaluation, which is grounded on ETS. The value of ETS was used to calculate the 
health risk of BC pollution. Four health-related issues were detected with the help of 
this model. The four health issues are cardiovascular mortality (CM), lung cancer (LC), 
low birth weight (LBW), and percentage lung function decrement of school-aged chil-
dren (PLFDSC). All four health-related issues are noticeable by reference to both ETS 
and BC pollution (Kelly and Fussell 2015; WHO 2014; Oberg et al. 2010). The calcu-
lation part of health risk estimation was primarily dependent on relative risks (RRs), 

(1)i.e., % difference of BC =
(

BC370− BC880

)

∕BC880.
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comparable to a different health issue for ETS exposure and air pollutant like BC; where 
RR refers to the prospect of growing an illness induced by contact to air pollutants 
(WHO 2003; Rothman et al. 2008). The connection between a health-related risk issue 
and a specified change in BC aerosol was identified by a meta-analysis of recorded con-
centration–response functions (CRFs). Since the particular fitness issue (i.e., R), the BC 
concentration increases by one µg m−3, comparable to the number of passively smoked 
cigarettes (PSC) (Van der Zee et al. 2016).

Therefore, R is written as

where [ln(RRBC)/ΔConc] = the consequential risks for variation in ΔConcentration (i.e., 
1  µg  m−3) of BC. RRBC = RR of BC concerning particular health issues. [ln(RRETS)/
assumed number of PSC] = the ensuing risks of ETS exposure for the expected number of 
PSC per day. RRETS = RR of ETS for the particular health issue.

The value of RRBC and RRETS is resultant from precisely organized assessments and can 
be summarized to implement the relevant, yet immature, health hazard estimations. The 
value of RRBC and RRETS was taken from the selected reference paper (Pani et al. 2020). 
The expected number of PSC per day is different for different health risk issues. For the 
child of a non-smoking mother, the expected number of PSC per day is 7 for CVM, LC 
and LBW (Van der Zee et al. 2016). The assumed number of PSC per day is 9 in the case 
of PLFDSC. The following formula calculated the corresponding numbers of PSC per day 
(i.e., NPSC: passive cigarette-equivalence),

And

where BCrep = Reported Black Carbon and BCbac = Background Black Carbon.
In this recent study, our aim to reported only health risk estimates of BC pollution 

but not reported the inclusive concern of disease because of ETS exposure or BC efflu-
ence (Wu et  al. 2018), which are accessible to understand for the public as well as the 
policymakers. Our assessment was depended on the WHO-based review of Van der Zee 
et al. (2016), where the 14 daily cigarette intake smokers from North-West Europe and the 
united state (US). In this new study, our target to report the health hazards of atmospheric 
BC effluence corresponding to residents of Jamshedpur city in the different situation dur-
ing the COVID-19 pandemic i.e., for normal days, lockdown (from lockdown 1.0 to lock-
down 4.0) and unlock down 1.0 situations, who may be the probable receptor as matched 
with passive cigarette smoking.

3.5 � Evaluation of health risks due to PAHs

The health hazard allied with PAHs contact was calculated using the Toxicity equivalent 
concentration (TEQ) equation (Yu et al. 2008). The equation shows the summation of pro-
jected cancer risk related to BaP for all PAHs having carcinogenic potential, which can 
be designed by multiplying the concentration of every carcinogenic PAHs and Toxicity 
equivalence factor (TEF).

(2)R =
[

ln
(

RRBC

)

∕ΔConc
]

∕
[

ln
(

RRETS

)

∕expected number of PSC
]

(3)NPSC = ΔBC × R

(4)ΔBC =
[(

BCrep

)

−
(

BCbac

)]
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where Ci = Separate PAHs concentration and TEFi = the toxic equivalency factor
TEFi value was given by Nisbet and Lagoy (1992); 0.01 for Phe, Flt, and Pyr; 0.01 

value for Chr, Ant, and B(ghi)P; 0.1 value for BaA, BkF, and IcP and 1 value for BaP and 
DBahA. Moreover, the exposure risk due to individual PAHs can be quantitatively calcu-
lated by Incremental lifetime cancer risk (ILCR) (EPA. 1991; U.S. Chen and Liao 2006; 
Peng et al. 2011). ILCR was measured by considering the corresponding lifetime average 
daily dose (LADD) of PAHs by allowing for dual age group adults (age 70 years) and chil-
dren (age 6 years). LADD demonstrates the quantity of uncertain chemical consumption 
per kg of body mass per day and harms health when detected by the body for an extended 
period. The following equation is used for the expression and assessment of LADD and 
ILCR.

where C01s means the quantity of PAHs’ transformed concentration concerning TEQ 
assessment in airborne particulate (ng  m−3). In the present study, the ILCR value was 
evaluated for adult and child, where parameters were, CF means the unit change factor 
(1 × 10−6 mg kg−1), IR was the air inhalation rate (m3 day−1), EF means the exposure fre-
quency (day year−1), ED means the lifetime exposure period. BW means the Bodyweight 
(kg), AT means the averaging time for carcinogens (days), and CSF means the inhalation 
cancer slope factor (3.85 mg kg−1 day−1) (Peng et al. 2011). The detail of the parameter 
designated in Table 4.

4 � Results and discussion

4.1 � Black carbon mass concentration variation during the study period

The satellite study through the GIOVANNI NASA website demonstrated the BC surface 
mass concentration monthly 0.5 × 0.625 deg. [MERRA-2 Model M2TMNXAER v 5.12.4] 
µg  m−3 at three situations i.e., Normal Days, different lockdown (from lockdown 1.0 to 
lockdown 4.0), and Unlock down 1.0-situations, as shown in Fig. 2. According to the GIO-
VANNI NASA website, BC mass concentration was reported to be highest during normal 
days i.e., approx. 3 µg m−3 to 4 µg m−3 compared to lockdown situation (from lockdown 
1.0 to lockdown 4.0) and unlock down 1.0 situation. In lockdown situation, BC mass con-
centration was approx. 1.88 µg m−3 to 2.77 µg m−3 and in the unlock down situation was 
approx. 2.33 µg m−3 to 3.22 µg m−3. It was seen that in the unlock down situation, the BC 
mass concentration was a little bit high as associated with the lockdown situation. This is 
because during a lockdown situation, all traffic transportation, industries activities were 
closed, and unlock down situation, most of the traffic transportation and some industries 
were open. The eastern part and the northern part of Indian had a more BC concentration 
compared to the rest part of the country i.e., the Indo-Gangetic Plain (IGP) region had 
more BC concentration in all three situations. i.e., during normal days, lockdown (from 
lockdown 1.0 to lockdown 4.0) situations and unlock down 1.0 situation. It was clearly 

(5)TEQ =
∑

Ci x TEFi

(6)LADD
(

mg kg−1 day−1
)

= (Cs × CF × IR × EF × ED)∕(BW × AT)

(7)ILCR = LADD × CSF (Cancer Oral Slope Factor)
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shown in Fig. 2. Simultaneously, we conducted fieldwork to determine the BC mass con-
centrations. BC mass concentrations were analyzed for 12 h a day during six situations. The 
averaged BC mass concentrations were noticed to be about 9.40 ± 2.73 µg m−3, 1.85 ± 0.36 
µg m−3, 2.24 ± 0.55 µg m−3, 2.69 ± 0.71 µg m−3, 4.11 ± 1.02 µg m−3 and 5.64 ± 1.68 µg m−3 
during normal days, lockdown 1.0, lockdown 2.0, lockdown 3.0, lockdown 4.0, and unlock 
down 1.0, respectively. On normal days, maximum and minimum BC mass concentra-
tions were16.45 µg m−3 and 6.61 µg m−3, respectively. BC’s concentration was very high 
because all activities such as industries, construction work, traffics, roads were working 
during normal days. In different lockdown situations, BC’s maximum and minimum con-
centration was 1.07 µg m−3 (during lockdown 3.0) and 5.27 µg m−3 (during lockdown 4.0), 
respectively. The low BC mass concentrations were observed because all activities such as 
construction work, industries work, transportation work, traffic roads were closed during 
lockdown situations. In unlock down situations, maximum and minimum BC mass con-
centrations were 2.97 µg m−3 and 9.64 µg m−3, respectively. During these days, BC’s mass 
concentration was moderate, i.e., neither high as in normal days nor low like lockdown 
situations. This is because during these days some activities were open like transport work, 
traffic roads are open but industries work was not fully open and maybe some industries 
were open. During the whole study, BC mass concentration was varied from 1.07 to 16.45 
µg  m−3. It was seen that the BC mass concentration continuously decreased throughout 
lockdown situations and again a little bit increasing during unlock down situations as 
revealed in Fig. 3.

4.2 � PM2.5 and PAHs concentration variation during the study period

Like BC mass concentration, PM2.5 concentrations and 16 PAHs were also determined 
in different situations i.e., Normal Days, Lockdown 1.0, Lockdown 2.0, Lockdown 3.0, 
& Lockdown 4.0, and unlock down 1.0 as shown in Fig. 3. On normal days’ maximum 
and minimum of PM2.5 concentrations were 91.67 µg  m−3 and 205.67 µg  m−3, respec-
tively, and the minimum concentration of PAHs was 128.81 ng m−3, and maximum con-
centration was 150.52 ng  m−3. The concentration of PM2.5 and PAHs was high because 
all activities like industries traffic transport, roads, construction works were open during 
normal days. In different lockdown situations, minimum and maximum concentrations 
of PM2.5 were 25.39 µg m−3 (during lockdown 2.0) and 79.35 µg m−3 (during lockdown 

Fig. 2   Time average map of Black carbon surface mass concentration monthly 0.5 × 0.625 deg. [MERRA-2 
Model M2TMNXAER v 5.12.4] µg m−3 at three different situations a Normal Days, b Lockdown 1.0, 2.0, 
3.0, & 4.0, and c unlock down 1.0
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4.0), respectively, and minimum concentration of PAHs was 12.81 ng m−3 (during lock-
down 1.0), and maximum concentration was 42.23 ng  m−3 (during lockdown 4.0). The 
low PM2.5 and PAH concentrations were observed because all activities such as industries 
work, transportation work, construction work, traffic roads were closed during lockdown 
situations. In the unlock down situation, maximum and minimum PM2.5 concentrations 
were 59.34 µg m−3 and 120.54 µg m−3, respectively, and minimum concentration of PAHs 
was 53.60 ng m−3 and the maximum concentration was 66.32 ng m−3. During these days 
the PM2.5 and PAH’s concentration was moderate i.e., neither high as in normal days nor 
low like lockdown situations because during these days in some activities were open, such 
as transport work, traffic road, etc. but industries work was not fully open, somewhere 
maybe some industries were open. The averaged PM2.5 concentrations were noticed to be 
about 136.26 ± 32.16 µg  m−3, 41.39 ± 8.33 µg  m−3, 43.75 ± 12.45 µg  m−3, 45.50 ± 9.14 
µg m−3, 52.99 ± 16.21 µg m−3, and 86.48 ± 15.77 µg m−3 during normal days, lockdown 
1.0, lockdown 2.0, lockdown 3.0, lockdown 4.0, and unlock down 1.0, respectively. Dur-
ing the whole study, PM2.5 concentrations were varied from 25.39 to 205.67 µg m−3. It was 
seen that the PM2.5 concentrations were continuously decreasing during lockdown situa-
tions (from lockdown 1.0 to lockdown 4.0) and again a little bit increasing during unlock 
down 1.0 situations as shown in Fig. 3. The averaged PAHs concentrations were noticed to 
be about 135.70 ± 24.60 ng m−3, 14.92 ± 3.84 ng m−3, 16.19 ± 2.81 ng m−3, 15.46 ± 5.85 
ng m−3, 16.16 ± 10.56 ng m−3, and 61.42 ± 15.95 ngvm−3 during normal days, lockdown 
1.0, lockdown 2.0, lockdown 3.0, lockdown 4.0, and unlock down 1.0, respectively. And 
during study of PAHs concentrations was varied from 12.81 to 150.52 ng m−3, and it was 
seen in Fig. 4 that the PAHs concentrations were continuously decreasing during lockdown 
situations, and again small numbers of concentrations were increasing during unlock down 
1.0 situations.

In all phases of lockdown, the anthropogenic activities were closed. As a result, fewer 
air pollutants were coming into the atmosphere. In the current study, it was reported that 
Anthracene (Ant) concentrations were maximum i.e., 11.98 ± 1.38 ng m−3 and Dibenzo[ah]
anthracene (DBahA) concentrations were minimum i.e., 5.82 ± 0.72 ng m−3 during normal 
days. During lockdown 1.0 situations, Pyrene (Pyr) concentrations were maximum i.e., 
1.18 ± 0.30 ng m−3, and Naphthalene (Nap) concentrations were minimum i.e., 0.61 ± 0.16 
ng m−3. Indeno[123-cd]pyrene (IcP) concentration was maximum i.e., 1.12 ± 0.13 ng m−3, 

Fig. 3   Mass concentration with stand deviation of PM2.5 and BC at different situations i.e., normal days 
(ND), lockdown 1.0 (LD 1.0), lockdown 2.0 (LD 2.0), lockdown 3.0 (LD 3.0), lockdown 4.0 (LD 4.0), and 
unlock down 1.0 (ULD 1.0) at Sakchi, Jamshedpur
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and Benzo[a]pyrene (BaP) concentration was minimum i.e., 0.56 ± 0.24 ng m−3 in lock-
down 2.0 situation, and Acenaphthene (Ace) concentration was maximum i.e., 1.39 ± 0.37 
ng m−3, and Benzo[a]pyrene (BaP) concentration was minimum i.e., 0.48 ± 0.34 ng m−3 in 
lockdown 3.0 situation. During lockdown 4.0 situations, Indeno[123-cd]pyrene (IcP) con-
centration was maximum i.e., 1.29 ± 1.00 ng m−3, and Benzo[a]pyrene (BaP) concentration 
was minimum i.e., 0.66 ± 0.0.41 ng  m−3. Indeno[123-cd]pyrene (IcP) concentration was 
maximum i.e., 4.95 ± 0.69 ng m−3, and Acenaphthylene (Acy) concentration was minimum 
i.e., 2.67 ± 0.66 ng m−3 during unlock down 1.0 situation. The 16 PAH concentrations are 
reported in Table 2. The regular emission PAHs concentrations in Sakchi, Jamshedpur city 
was due to local residence burning such as burning coal, wood, biomass, kerosene, traffic 
emission, industrialization. The whole research study shows that the concentrations of all 
air pollutants such as BC, PAHs and PM2.5 were decreased during the lockdown as com-
pare to normal days and unlock down situations due to the COVID-19 pandemic.

4.3 � Source apportionment of BC and PAHs concentration

The sources of BC mass concentration and PAH concentration may have the same but their 
technique is different from characterized the source apportionment. The source recogni-
tion of BC mass concentration was determined by the aethalometer technique. Although, 
this model characterized some selective source-category such as wood burning and traffic 
emissions. According to SAFAR 2010, the burning of coal is a major source of BC mass 
concentration into the atmosphere, and coal burning is the highest source of energy that 
supplies 76% of our requirement in India. An examination of BC estimated at UV (370 nm) 
frequencies and near IR (880  nm) frequencies was made, which is great for the source 
characterization of BC (Srivastava et al. 2012). Bio-fuel consuming and horticulture fires 
have been perceived as the most significant source of BC over the Indo-Gangetic Basin 
(IGB) territories (Venkataraman et al. 2006). The source separates between wood-consum-
ing and petroleum products in various circumstances, i.e., ordinary days, lockdown-1.0, 
lockdown-2.0, lockdown-3.0, lockdown-4.0, and unlock down-1.0-circumstance. The ori-
gins of BC mass concentration are processes, i.e., the natural process such as volcanic 

Fig. 4   Concentration (ng m−3) of 
PAHs at three different situations 
i.e., normal days (ND), lockdown 
1.0–4.0 (LD 1-4), and unlock 
down 1.0 (ULD 1) situations at 
Sakchi, Jamshedpur
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eruptions, forest fires, and anthropogenic exercises like coal consumption, consuming 
petroleum products, biomass consumption for agribusiness, and vehicular developments 
yet the significant sources are a petroleum product and wood-consuming. It was reported 
that in normal days’ and unlock down 1.0-situation aids of wood burning and fossil fuel 
are approximately the same, but during different lockdown situations, fossil fuel contribu-
tion was low compared to wood burning. This is because of the movement of vehicles and 
industries shut down, i.e., all activities were closed. The contribution of BC toward various 
wavelength during numerous circumstances are depicted in the Fig. 5.

4.3.1 � Source appropriation of PAHs

As per an ongoing investigation of PAHs, the symptomatic proportion (DR) examination 
strategy has been utilized for PAHs’ source division (Tobiszewski and Namieśnik 2012). 
The proportion of IcP/(IcP + B(ghi)P), Flua/(Flua + Pyr), BaA/(BaA + Chr), BaP/B(ghi)P, 
and Ant/(Ant + Phe) was utilized to recognize the wellsprings of PAHs in the air. The pro-
portion of IcP/(IcP + B(ghi)P) is a pointer of petrogenic, oil-consuming, and biomass coal 
ignition source. Proportion esteem < 0.2 and > 0.5 characteristic of Petrogenic and biomass 
burning. The proportion of esteem lies between the scope of 0.2–0.5 the source will demon-
strate the oil burning (Ravindra et al. 2008). The proportion estimation of IcP/(IcP + B(ghi)
P) was determined 0.54 before lockdown and 0.49 during the lockdown period, which 

Table 2   The concentration of PAHs (ng m−3) in six different situations

SD standard deviation, Abbr abbreviation
Naphthalene (Nap), Acenaphthylene (Acy), Acenaphthene (Ace), Fluorene (Flu), Phenanthrene (Phe), 
Anthracene (Ant), Fluoranthene (Flua), Pyrene (Pyr), Chrysene (Chr), Benzo[a]anthracene (BaA), 
Benzo[b]fluoranthene (BbF), Benzo[k]fluoranthene (BkF), Benzo[a]pyrene (BaP), Dibenzo[ah]anthracene 
(DBahA), Benzo[ghi]perylene (B(ghi)P), Indeno[123 cd]pyrene (IcP)

Abbr ND LD 1.0 LD 2.0 LD 3.0 LD 4.0 ULD 1.0

PAHs SD PAHs SD PAHs SD PAHs SD PAHs SD PAHs SD

Nap 8.25 1.16 0.61 0.16 0.88 0.09 1.15 0.34 0.87 0.53 3.39 0.58
Acy 6.02 1.55 0.73 0.16 1.08 0.14 0.88 0.28 1.01 0.78 2.67 0.66
Ace 7.04 0.89 1.38 0.40 0.86 0.17 1.39 0.37 1.10 0.52 3.44 0.62
Flu 7.64 0.71 0.74 0.38 0.98 0.14 0.61 0.56 0.86 0.65 3.11 0.78
Phe 10.94 1.86 1.02 0.16 1.08 0.15 1.13 0.41 1.01 0.53 4.17 0.98
Ant 11.98 1.38 0.90 0.09 1.34 0.20 0.63 0.42 0.92 0.57 4.71 1.24
Flua 10.25 1.56 0.82 0.22 1.06 0.20 1.24 0.49 1.12 0.75 4.27 1.49
Pyr 7.04 2.05 1.18 0.30 1.09 0.14 1.14 0.40 1.05 0.50 2.81 1.25
Chr 10.29 2.24 0.86 0.20 0.88 0.16 1.11 0.37 1.01 0.66 4.71 1.15
BaA 7.70 1.68 0.72 0.25 1.09 0.19 0.65 0.40 1.01 0.92 4.79 1.18
BbF 10.56 1.83 1.13 0.37 1.07 0.21 0.92 0.34 1.16 0.81 3.59 1.37
BkF 11.88 1.79 0.98 0.20 0.98 0.19 0.90 0.26 0.97 0.56 3.68 1.22
BaP 6.55 3.15 0.74 0.15 0.56 0.24 0.48 0.34 0.66 0.41 3.55 1.43
DBahA 5.82 0.72 0.91 0.17 1.10 0.32 1.10 0.35 1.11 0.72 3.81 0.96
B(ghi)P 6.06 0.64 1.14 0.26 1.02 0.15 0.85 0.19 1.03 0.64 3.78 0.38
IcP 7.69 1.39 1.06 0.36 1.12 0.13 1.27 0.31 1.29 1.00 4.95 0.69
ΣPAH 135.70 0.67 14.92 0.09 16.19 0.05 15.46 0.09 16.16 0.14 61.42 0.34
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recommended the outflow from biomass and coal ignition over the investigation site. On 
the off chance that the proportion of Flua/(Flua + Pyr) is < 0.1 the characteristic source is 
Unburned oil/Petrogenic, if esteem saw between 0.4 and 0.5, the source is petroleum deriv-
ative ignition if esteem watched > 0.5 the source distinguished as coal burning and biomass 
(Yunker et al. 2002; De La Torre-Roche et al. 2009). In this current investigation, the pro-
portion of Flua/(Flua + Pyr) was seen 0.55 Before lockdown and 0.53 during the lockdown 
period recommending PAHs emanation from biomass and coal burning. The proportion 
of BaA/(BaA + Chr) is < 0.2 and > 0.35 demonstrates ignition and petrogenic source (Yun-
ker et  al. 2002; Tobiszewski and Namiesnik 2012). BaA/(BaA + Chr) proportion esteem 
was seen to be 0.42 and 0.45 before lockdown and during the lockdown period, separately, 
proposing the coal ignition and biomass source. BaP/B(ghi)P proportion determines traffic 
emanation, < 0.6 esteem shows non-traffic source and worth > 0.6 demonstrates the traffic 
wellspring of discharge. BaP/B(ghi)P proportion esteem was determined 1.19 before the 
lockdown period and 0.56 during the lockdown period recommending traffic source before 
lockdown and non-traffic source during the lockdown. The proportion of Ant/(Ant + Phe) 
characteristic of pyrogenic and petrogenic sources. The off chance that the worth discov-
ered < 0.1 assigns petrogenic and > 0.1 shows pyrogenic sources (Pies et al. 2008). Insect/
(Ant + Phe) proportion esteem was found to be 0.50 and 0.46 before lockdown and during 
lockdown period individually, proposing the pyrogenic source. The entire count of indica-
tive proportion investigation has appeared in Table 4.

The Diagnostic proportion examination inferred that biomass, vehicle emanation, and 
coal consumption were essential drivers of PAHs before the lockdown period. Yet, during 
the lockdown period, the outflow from consuming biomass and coal was a significant sup-
porter of PAHs.

4.4 � Backward trajectories analysis

Backward trajectory analysis is a model to explain the transportation routes of air pollut-
ants. It also determines the direction of airflow to describe the possible region of sources 
before reaching a specific target position. The back trajectories were calculated for two situ-
ations, i.e., normal days and different lockdown situations (from lockdown 1.0 to lockdown 

Fig. 5   Fractional contribution of BC measured at 370 nm and 880 nm at six different situations i.e., normal 
days, lockdown 1.0, lockdown 2.0, lockdown 3.0, lockdown 4.0, and unlock down 1.0-situations at Sakchi, 
Jamshedpur



12265COVID-19 lockdowns reduce the Black carbon and polycyclic…

1 3

4.0) along with unlock down 1.0. The overall trajectories were prepared using a global 
environmental dataset online program NCEP (National Centers for Environmental Predic-
tion) Climate Forecast System and Meteorological Data Explorer developed by Center for 
Global Environmental Research (CGER), Japan and Igor software. Backward trajectories 
were calculated at different heights (altitude) from 0 to 4000 m with an other color band. 
The fire count data downloaded from NASA FIRMS (https​://firms​.modap​s.eosdi​s.nasa.
gov/data/downl​oad/DL_FIRE_M6_76896​.zip). The fire count data were also incorporated 
along with back trajectories in Fig. 6. The back trajectory analysis indicated that the air 
mass (air pollutants) originating from different places from different heights to enter the 
target places. According to the backward trajectory analysis model, the air-born particulate 
matter migrated from the northeast part of our country during normal days. Maximum air 
particulate mass was coming from the Himalayan region, and little air particulate mass 
was coming from the Bay of Bengal (BoB). It was likewise reported that some air par-
ticulate mass was traveled from western countries such as Iran, Afghanistan, and Pakistan, 
and some air particulate mass was migrated from Nepal and Sikkim as shown in Fig. 6a. 
It was seen that the air-born particulate matter migrated from the northeast part of, the 
Indian Ocean, the northern part of our country as well as BoB. The maximum air particu-
late mass was migrated from western countries mainly from Afghanistan and Pakistan. But 
the height of trajectories is moderate during lockdown situations (from lockdown 1.0 to 
lockdown 4.0) and unlock down situations as shown in Fig. 6b.

4.5 � Health risk assessment of BC and PAHs

In the current study, we tried to report the health risk assessment expressed in three differ-
ent situations i.e., normal days, different lockdown situations (from lockdown 1.0 to lock-
down 4.0), and unlock down 1.0 situations at Sakchi, Jamshedpur city. The summary of 
health risk assessment indicated in an identical number of PSC for an individual period 
of investigation as shown in Table 3. We consider that the day to a daily exposure level 
of BC for the people living in Jamshedpur city was equivalent to the day-to-day mean BC 
(balance load concerning the background BC) level. The BCbac concentration level was 
calculated as the 1.25th percentile of BCrep concentrations for the datasets (Rupakheti et al. 
2017) at three different situations i.e., 6.72 µg  m−3 (normal days), 1.14 µg  m−3 (during 
different lockdown situations) and 3.13 µg  m−3 (during unlock down 1.0-situation) for 

Fig. 6   7-days air mass back trajectories as well as fire count graph on the two different situations a normal 
days and b different lockdown and unlock down situations, at an altitude level of 500 m above ground level, 
over the sampling side

https://firms.modaps.eosdis.nasa.gov/data/download/DL_FIRE_M6_76896.zip
https://firms.modaps.eosdis.nasa.gov/data/download/DL_FIRE_M6_76896.zip
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Jamshedpur city in this study. On normal days, the health risk assessment of BC concen-
tration was reported as high as 4.81, 9.79, 8.62, and 19.66 passive cigarettes comparable 
concerning the risk of CVM, LC, LBW, and PLEDSC, respectively. And during different 
lockdown situations (from lockdown 1.0 to lockdown 4.0) and unlock down 1.0-situation, 
the health risk assessment of BC concentration was reported as low as 2.69, 5.48, 4.82, 11 
and 4.51, 9.17, 8.07, 18.41 passive cigarettes comparable concerning the risk of CVM, LC, 
LBW, and PLEDSC, respectively. It was noticed that the health risk issue is higher on nor-
mal days compared to the COVID-19 pandemic (during different lockdown situations and 
unlock down 1.0-situation).

In this recent study, the health risk of 16 USEPA priority PAHs was analyzed. The 
LADD’S value for carcinogenic PAHs for an adult was found to be 1.91 × 10−6, 9.7 × 10−5 
and 1.05 × 10−5 mg kg−1 day−1 over the study site during normal days, different lockdown 
situations (from lockdown 1.0 to lockdown 4.0) and unlock down 0.1 situations, respec-
tively. Established on LADD value over the study spot, ILCR value for an adult was esti-
mated at 7.36 × 10−6, 3.72 × 10−6 and 4.05 × 10−6 during normal days, different lockdowns 

Table 3   The health risk estimates 
of BC communicated into 
equivalent numbers of PSC per 
day concerning four various 
health issues

PSC passively smoked cigarettes, CVM cardiovascular mortality, LC 
lung cancer, LBW low birth weight, PLFDSC percentage lung function 
decrement of school-aged children

Parameters Normal Days Lockdown 
(1.0–4.0)

Unlock down 1.0

CVM 4.81 2.69 4.51
LC 9.79 5.48 9.17
LBW 8.62 4.82 8.07
PLEDSC 19.66 11 18.41

Table 4   Health risk assessment due to PAHs exposure to children and adults over the study area

a ICMR (2009)
b Ferreira-Baptista and De-Miguel (2005)
c Soltani et al. (2015)
d Kumar et al. (2013)
e USEPA (2011)

Exposure parameter Unit Child Adult

BWa kg 18 60
ATb years 70 70
IRc m3 day−1 10 20
EFd days year−1 365 365
EDb years 6 24

Age group Normal days Lockdown (1.0–4.0) Unlock down (1.0)

LADD 
(mg kg−1 day−1)

ILCR LADD 
(mg kg−1 day−1)

ILCR LADD 
(mg kg−1 day−1)

ILCR

Children 7. 9 × 10−5 3.06 × 10−6 4.0 × 10−5 1.55 × 10−6 4.4 × 10−5 1.68 × 10−6

Adult 1.91 × 10−6 7.36 × 10−6 9.7 × 10−5 3.72 × 10−6 1.05 × 10−5 4.05 × 10−6
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and unlock down 0.1 situations, respectively. During normal days, different lockdown 
situations and unlock down 0.1 situations, the LADD value for children was found to be 
7.9 × 10−5, 4.0 × 10−5 and 4.4 × 10−5 mg kg−1 day−1, respectively. ILCR value for children 
was estimated at 3.06 × 10−6, 1.55 × 10−6 and 1.68 × 10−6 during normal days, different 
lockdown and unlock down situations, respectively. Furthermore, the excess lifetime can-
cer risk (ELCR) was estimated by some ILCR for adult and ILCR values for the child over 
the study sites. The ELCR values for normal days, different lockdown situations and dur-
ing unlock down situations were 10.42 × 10−6, 5.27 × 10−6, and 5.73 × 10−6, respectively. 
The ELCR value were lies between the acceptable limit 10−6–10−4 specified by regulatory 
agency USEPA (USEPA. 1989) during normal days, different lockdown, and unlock down 
situations. A concise of the health hazards assessment of PAHs has been given in Table 4. 
The result showed that the risk level was acceptable over the study site during normal days, 
different lockdown and unlock down situations.

5 � Conclusion

Measurements of BC mass concentrations, PAHs concentration, and PM2.5 were reported 
in different situations i.e., normal days, lockdown-1.0, lockdown-2.0, lockdown-3.0, lock-
down-4.0, and unlock down-1.0-situation. The averaged BC mass concentrations were 
9.40 ± 2.73 µg m−3, 1.85 ± 0.36 µg m−3, 2.24 ± 0.55 µg m−3, 2.69 ± 0.71 µg m−3, 4.11 ± 1.02 
µg m−3, and 5.64 ± 1.68 µg m−3 during normal days, lockdown-1.0, lockdown-2.0, lock-
down-3.0, lockdown-4.0, and unlock down-1.0 situation, respectively, at Sakchi, Jam-
shedpur city. The averaged PM2.5 mass concentrations were 136.26 ± 32.16 µg  m−3, 
41.39 ± 8.33 µg  m−3, 43.75 ± 12.45 µg  m−3, 45.50 ± 9.14 µg  m−3, 52.99 ± 16.21 µg  m−3, 
and 86.48 ± 15.77 µg m−3 during normal days, lockdown-1.0, lockdown-2.0, lockdown-3.0, 
lockdown-4.0, and unlock down-1.0-situation, respectively, at Sakchi, Jamshedpur city. BC 
mass concentrations and PM2.5 concentration varies from 1.07 µg m−3 to 16.45 µg m−3 and 
25.39 µg m−3 to 205.67 µg m−3 during study period. During normal days, BC mass concen-
tration and PAHs concentration as high compared to different lockdown and unlock down 
situations and moderate during unlock down situations; neither is higher than normal days 
nor low compared to different lockdown situations. The average PAH concentrations were 
135.70 ± 24.60 ng  m−3, 14.92 ± 3.84 ng  m−3, 16.19 ± 2.81 ng  m−3, 15.46 ± 5.85 ng  m−3, 
16.16 ± 10.56 ng m−3, and 61.42 ± 15.95 ng m−3 during normal days, lockdown-1.0, lock-
down-2.0, lockdown-3.0, lockdown-4.0, and unlock down-1.0 situation, respectively, at 
study side. PAH concentration varies from 12.81 to 135.70 ng m−3 during the study period. 
PAHs concentration was low during different lockdown situations because, during lock-
down situations, all the activities were closed. The industry work, transport work, con-
struction work, traffic movement, etc., was shut down due to the COVID-19 pandemic. 
As a result, air pollutants’ emission was less compared to normal days in Jamshedpur city 
atmosphere. According to the diagnostic ratio analysis of BC, it was noticed that the influ-
ence of wood burning as well as fossil fuel was the same in the normal days and unlock 
down. It was also reported that the fossil fuel contribution was low as compared to wood 
burning during different lockdown situations. The diagnostic ratio analysis of PAHs sug-
gests that biomass, coal burning and vehicle emission were primary causes of PAHs during 
the study period. The summary of health risk assessment indicated an equal number of 
PSC for an individual month of investigation. The health hazard assessment of BC concen-
tration was reported as 4.81, 9.79, 8.62, 19.66; 2.69, 5.48, 4.82, 11 and 4.51, 9.17, 8.07, 
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18.41 during normal days, lockdown (from lockdown-1.0 to lockdown-4.0) and unlock 
down-1.0 situations in Sakchi, Jamshedpur city, the passive cigarettes comparable concern-
ing the risk of CVM, LC, LBW, and PLEDSC, respectively. The excess lifetime cancer 
risk (ELCR) value was reported to be 10.42 × 10−6, 5.27 × 10−6, and 5.73 × 10−6 for normal 
days, different lockdown situations (from LD 1.0 to LD 4.0) and during unlock down (ULD 
1.0) situation.
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