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Abstract

Mitigation of air pollution is the major global challenge in the current world. Quality of air is undergoing continuous
deterioration due to industrial and urban development. The present study aims at the seasonal investigation of air pollu-
tion tolerance index (APTI) and anticipated performance index (API) of six commonly found plant species namely Ziziphus
jujube (S1), Pithecellobium dulce (Sw.) DC (S2), Celosia argentea L. (S3), Ricinus communis L. (S4), Apluda mutica L. (S5) and
Terminalia catappa L. (S6) growing along the industrial area (Chembur) of Mumbai. The air pollution tolerance indices
were evaluated by using pH, ascorbic acid, total chlorophyll content, the relative water content in the fresh leaves of
plant species growing along the industrial and non-industrial area of Mumbai. The APl was determined on combining the
APTI values of the plant species with their biological and socio-economic parameters. The APTI of all the industrial zone
plant species was found to be higher than the non-industrial zone plant species in all the three seasons. The rise in the
mean of the three season’s APTI of S1, S2, S3, 54, S5 and S6 plant species from the polluted industrial zone over the less-
polluted non-industrial zone was found to be 60.14, 76.59, 71.98, 82.30, 71.12, 65.52%, respectively. The higher APl values
obtained for the Pithecellobium dulce (Sw.) DC, Ricinus communis L. and Terminalia catappa L. plant species from polluted
zone indicated higher air pollution tolerance and hence are recommended for green belt expansion in the Chembur
industrial area. Terminalia catappa L. is an evergreen plant which can be planted in large number to develop green zone
throughout the year around the Chembur industrial area. Similar studies can be performed globally to increase green
zones around any industrial or residential area which will provide healthy living for the next generations on the earth.
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AA Ascorbic acid HPLC High-performance liquid chromatography
API Anticipated performance index MPCB  Maharashtra Pollution Control Board

APTI Air pollution tolerance index RCF Rashtriya Chemical & Fertilizers

ANOVA  Analysis of variance RWC Relative leaf water content

BPCL Bharat Petroleum Corporation Limited S Sample

CEPI Comprehensive environment pollution index SD Standard deviation

cs Controlled sample SPSS Statistical package for the social sciences
DW Dry weight TCh Total chlorophyll content

ES Experimental sample T™W Turgid weight

FW Fresh weight
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1 Introduction

A rapid increase in air pollution is a major global issue.
In the present scenario, the environment and human
well-being are adversely affected due to the industrial
progress and expansion of cities. The plantations, local
residents and atmosphere are enormously affected by
the release of oxides of sulphur, carbon, nitrogen. It is of
serious concern to deal with the abatement of air pollu-
tion. There are no known physical or chemical methods
to upgrade air quality of polluted zone [1]. Researchers
are trying to investigate a simple and cheaper solution
to ameliorate air quality all over the world. Expansion
of green belt is the best and economical solution for
the mitigation of air pollution in such industrial zone
which is a site-specific activity [2, 3]. The concentration
of air pollutants can be reduced by using the plants as
a sink [4]. The air pockets of plants efficiently captivate
air contaminants. The physiological stress generated on
plants by a large number of air pollutants gets reflected
on leaves [5]. The observations related to physiological
stress on plants are useful in understanding the effect
of climate condition, the physico-chemical properties of
air pollutants and their dwelling time in the atmosphere
[6]. The plant leaves get apparently damaged due to epi-
nasty, chlorosis and necrosis [7]. Plants play an impera-
tive role in monitoring and perpetuating the ecological
equilibrium by strongly contributing to the cycling of
nutrients and gases like carbon dioxide, oxygen. Provi-
sion of the massive leaf area by plants for impingement,
captivation and deposition of air pollutants can be the
best natural way to clean the atmosphere through the
flora [8-12].

The acquaintance of air pollution tolerant plant species
plays a key role in the decline of air pollution. The APTI
values can be evaluated to study the biochemical, physi-
ological and morphological facets of the plants which are
reported to respond more efficiently towards polluted air
[4]. The study includes analysis of leaf air pollution impact
parameters like RWC, TCh, AA and pH to determine APTI
values. Based on these four parameters, APTI values for the
plant species can be measured. It indicates the sensitiv-
ity and tolerance of the different plant species growing in
the same industrial area [13]. The plant species with lower
APTI value can be used as bio-indicators, whereas the tol-
erant ones with higher values can serve as buffers [14, 15].
Combination of APTI and API values is helpful in identifi-
cation of air pollution tolerant species which will serve as
the stepping stone towards enhancement of the environ-
ment. Different responses can be exhibited by different
plant species under similar ecological conditions or the
same plant species under variable climatic conditions [16].
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The present study aims at assessing the air pollution
tolerance potential and anticipated performance index
of six plant species with seasonal variations over a period
of 2 years (April 2017 to March 2019). It is anticipated
that the results of the present study will be helpful in the
identification of tolerant and sensitive species contribut-
ing to green belt extension in the industrial area.

2 Materials and methods
2.1 Study area

The Chembur area of the present study is a suburb in the
north-eastern corner of Mumbai (19.051° N 72.894° E)
near the Trombay area about 15 km from Victoria Termi-
nus (presently known as Chhatrapati Shivaji Terminus).
The study area is in proximity to Kurla, Deonar, Mahul,
Govandi, Chunabhatti and Ghatkopar suburbs. The area
under study has been facing pollution problems and was
recently ranked 46th in a list of the most polluted indus-
trial clusters in India and first in Mumbai with a Com-
prehensive Environment Pollution Index (CEPI) of 69.19
[17, 18]. There are already industries like RCF (Rashtriya
Chemical & Fertilizers), HPCL (Hindustan Petroleum Cor-
poration Limited), BPCL (Bharat Petroleum Corporation
Limited), Tata Power station, Bharat Petroleum Refin-
ery, Indian oil Corporation Limited and Devnar dump-
ing ground which are causing air pollution in Chembur
area. The uncontrolled release of ammonia and nitrous
oxides from the Rashtriya Chemicals & Fertilizers (RCF)
complex is the major problem. Although scrubbing of
ammonia is technically possible, the pollution problem
seems to arise due to operational failure of equipment
used for pollution control and/or working on the urea/
ammonia complex above the design capacity without
improvement in pollution control techniques. The smoke
from the Deonar dumping ground has caused health
issues for the residents of Chembur and reported to
affect asthma patients [17, 19]. The increased industrial
activity in the study area, as well as garbage incinerators
in proximity, also raised the level of air pollution in the
neighbourhood, earning it the nickname of “Gas Cham-
ber of Mumbai” [17]. The ambient air quality monitoring
results during the present study period are shown in
Table 1 [20]. The temperature of the area ranges between
13 and 39 °C. Maximum of 747 mm rain was recorded
due to the southwest monsoon (June to mid-October)
during July. The climate is humid and relative humidity
ranges between 29 and 96% [21]. It has a North-South
running basalt hill to its South with the marine alluvium
type of soil [22].
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Table 1 Ambient air quality
monitoring results of Chembur
from 1st April 2017 to 31st

March 2019

Air pollutants SO, NO, RSPM
(gm™) (gm™) (Hgm™)

Standard value 50.00 40.00 60.00
Average value Average value Average Value

1st April 2017 to 31st March 2018 6.00 77.00 148.00

1st April 2018 to 31st March 2019 5.00 83.00 147.00

2.2 Chemicals and reagents

HPLC grade solvents like acetone and methanol, used for
the analysis of samples, were redistilled 2 x before use.
Analytical grade ascorbic acid (C4HgOg4) with 99.0% purity
as supplied by F. Hoffmann-La Roche Ltd. Basel, Swiss,
was used for the present study. Deionised water was sup-
plied using a Milli-Q system. Analytical grade acetic acid,
the sodium salt of 1-hexane sulfonic acid supplied by S. D.
Fine-Chem Ltd. and Loba chemicals Ltd. were used for the
ascorbic acid analysis.

2.3 Plant species

The most common plant species present in the study area
were identified. Fully matured leaves of three replicates of
six plant species were collected from the Chembur indus-
trial area as experimental samples (ES). The details about
the type and native countries of the plant species selected
for the present study are mentioned in Table 2 [23]. The
controlled samples (CS) of the same plant species were
collected from the botanical garden of Bhavan's College,
Andheri (19.073° N 72.501° E), which was away from indus-
trial and traffic areas. The distance between the Chembur
industrial area (industrial site) and Bhavan’s College, And-
heri (non-industrial site), is around 11.36 km [24]. The ES

Table 2 Details of the plants studied in the present study

and CS were collected at regular intervals in all the three
seasons over 2 years.

2.4 Sample collection and analysis

The fully matured leaf samples from six different com-
monly found plant species in the study area were col-
lected as ES. The leaf samples of similar plant species
growing in a less-polluted zone with similar ecological
conditions were collected as CS. The entire sampling and
study of both CS and ES were done at regular intervals
for 2 years during the summer (April), rainy (August) and
winter (December) seasons. The biochemical parameters
like pH, AA, TCh and the RWC in the fresh leaves of ES and
CS plant species were studied. Samples were collected
in a cloth/polythene bag, then immediately brought to
the laboratory and kept in the refrigerator for further
analysis.

2.5 TCh analysis

For analysis, 0.5 g of fresh leaf sample was finely crushed and
diluted to 10 ml with distilled water. A 2.5 ml of the solution
thus prepared was mixed with 10 ml of acetone and filtered.
The absorbance of the resulting solution was measured at
A=645 nm (Ag,5) and A=663 nm (A4q;). The absorbance of
the leaf extract at 645 nm and 663 nm for chlorophyll‘a’and

Plant species Type of plant

Native countries

Ziziphus jujube (S1)

Pithecellobium dulce (Sw.) DC (S2)
height up to 15m

Celosia argentea L. (S3)

A small deciduous tree or shrub reaching a height
of 5-12 metres, usually with thorny branches

A deciduous medium-sized, armed tree, with

An erect annual shrub, with height up to 1-3 ft.

southern Asia, northern India, southern and central
China, south eastern Europe

Mexico, Central and northern South America, Carib-
bean, Florida, Guam, India, Bangladesh, Sri Lanka,
Pakistan, Thailand Philippines

India, China

high with linear or lanceolate leaves.

Ricinus communis L. (54)
nate leaves

Apluda mutica L. (S5)

Terminalia catappa L. (S6)
family

Monoecious, branched glaucous shrub with alter-

A large tropical tree belonging to leadwood tree

Eastern Africa, India

Annual or perennial herb belonging to grass family Central Asia, India, China, Japan, Southeast Asia,

Madagascar, Mauritius, Oman
India, Australia, Myanmar, Polynesia
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chlorophyll ‘b; respectively was measured using UV-vis-
ible spectrophotometer (Elico SL 207 Mini Spec). The total
chlorophyll content was calculated from chlorophyll ‘a’and
chlorophyll‘b’by Eq. (1) [9].

6
Chlorophyll ‘b’ (g/L) = (0.0229) (Agys) + (0.00488) (Ags3)

Chlorophyll ‘a’ (g/L) = (0.0127) (Age3) + (0.00269) (Agys)
Total Chlorophyll content (g/L) =

2.10 Statistical analysis

The explicit parameters to be related to the same species
were evaluated by calculating the correlation among the

M

(0.0202) (Agys) + (0.00802) (Agss)

2.6 AA analysis

Ascorbic acid content was analysed using HPLC instru-
mentation method. The concentration of ascorbic acid
content was investigated using a Shimadzu LC HPLC instru-
ment isocratic system coupled with a diode array detec-
tor and flame-photometric detector. Superspher RP-18
(250x4.6 mm, 10 um particle size) was used as a column
(A=280 nm), and the mobile phase was pumped isocrati-
cally at a flow rate of 0.7 mL min™" at 20 °C. The low column
temperature was maintained because of less stability of
ascorbic acid at a higher temperature. During the study, the
routine analysis of method blanks, spiked blanks and sam-
ple duplicates was conducted with field samples. In order
to assess the error during sample extraction, samples were
analysed in duplicate, and the results showed satisfactory
precision. The presence of any target compound was not
shown by blanks [25].

2.7 Analysis of RWC content

For weighing the leaf samples, the electronic weighing bal-
ance of accuracy 0.0001 g was used (Contech, CA 223). From
the FW, TW and DW values, the RWC of leaf samples was
calculated using Eq. (2) [26].

RWC (%) = (FW — DW)/(TW — DW) X 100 2)

2.8 pH Determination of leaf extract

The pH of filtrate of the leaf extract was measured on the pH
meter (Equiptronics, EQ 614A) which was calibrated using
the buffer solution of pH=4 and pH=9 [27].

2.9 APTI determination

APTI determination was done using the formula given in
Eq. (3) [28].

APTI = [AA (TCh + pH) + RWC] /10 3)
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parameters of individual species. The relationship between
the individual parameters concerning species, season and
site was determined by performing the correlation analysis
using univariate Pearson correlation coefficient for indi-
vidual species. One-way ANOVA method was used for the
statistical analysis of the results. In most of the cases, the
correlation between individual parameters was significant
having P <0.05.This is an indication that these parameters
were related to the same species. IBM SPSS statistics ver-
sion 20 was used for performing all the statistical calcu-
lations. The correlation statistics prevailing between the
parameters of individual species for season and site are
presented in Table 4.

3 Results and discussion

The biochemical parameter (leaf extract pH, AA, RWC, TCh
content and APTI) values obtained in the present study are
shown in Table 3.

As shown in Table 4, the positive correlation of most
of the parameters was significantly observed through a
matrix of correlation coefficients. A comprehensive inves-
tigation of the statistics set showed that significant correla-
tions occur amongst most of the parameters with correla-
tion coefficient values recurrently greater than 0.5.

3.1 Leaf extract pH

On analysing the data obtained, it was detected that the
leaf extract pH values were lower for the experimental
samples (acidic medium) and higher for the controlled
samples (alkaline medium). Among the experimental sam-
ples, the lower mean value was 4.37 for S1 and the higher
mean value was 6.03 for S2 samples. Controlled samples
have described the highest value of 7.50 for S2 and the
lowest value of 6.62 for S1 samples. S2, S3, S5 reported
the higher pH value signifying good tolerance as com-
pared to the other plant species. Experimental S1 sample
has reported the lowest value of 3.21 in winter 2018-19,
whereas S2 sample has reported a higher value of 7.18 in
summer 2018-19. For controlled samples, the lower value
was 4.35 for S1 in winter 2018-19 and the higher value was



Research Article

SN Applied Sciences (2020) 2:1663 | https://doi.org/10.1007/s42452-020-03431-5

SS'L  0sol €vol €501 L1el €CLL 0L L L9/ 05'€ 8¢/l [424" 97’8l 69°0¢ €L1L 76’61 L6l 9S
¥6'0 00l 8¢€0L 0s0lL oLoL S¥'8 G596 L07LL €8l 8L/l 09l 79’6l 90°/L E1adt ol LL°81 SS
LE'L  8€6 €L'6 65°LL (443 86/ 618 ¥6'6 L oL/l S6'Sl 98l 9991 0TSl [4 44} 1681 S
0€'L  8col 1449 0S8 S6°LL oL'LL 80°LL 8596 S9'L 89/l €961 €661 13418 §691 oLZL Lo'ZL €S
LC0 LzolL 8901 586 L10L £00L LC0l ocoL 06l €08l 979l €e/l (WA LL'ZL 09'L¢ L9781l [
aL'L  9gol SL'6 qlet 8001 [449) LELL LooL  €£1 659l S0'SlL 9/°81 L9l 244" LEBL 889l LS 11dV
¥90 979 009 002 VLl 9,9 569 LL9 o’'0  06'S LL°S 819 L09 [4A°] 134°) 0€'s 9S
6CL VS L6V 'L 8¢9 00y 9¢EY 65°'S voL o ovy 88'¢ LS9 68 0S¢ 9L'E €LY SS
€80 0€9 SL'S 8¢'L LSS [40) w9 LLs L80 6LV Sy 0€'s (97474 (4 €€9 9ty vS
4N Lo v0'S LY'S LS°2 9¢’L 899 L1'S or'L  SEV 144 S0 14%%4 0S¢ 08¢ ol'e €S
¢6'L 049 SL'8 89'G 9Ly (TS LL'8 £8'8 L9l L9's 079 61’9 0ge AR ¥9'9 8L/ [ (6/6wW)
LEL  V6'S §8'S 60°L [4304 6G'€ 4% 999 VA 2 VAV 09'S L9 o€ ¥0'€ ¥8'S €L LS YyoL
VA 4 ) VA4 or'ey €9ty 06'vS 6L°LS 089 0L'€C 00SL ([LS€L 85y 80°0L L9¢8 L1'6L €LE8 78'L8 9S
66'€L 0S°SS L6'6S VL'6S 8Ly 6/L'LE L6°'SL GE8S  9f'LL E€EVL 50'C9 S6'88 ¥0°0£L §8'L9 V.78 €08 SS
w8 Sy €9°LE 8799 L9'0v oLce 6507 09°Ly 9l¥lL [L60L €L'es €0'6L €L'SL 9€'89 565 S9'L6 vS
SC9 969 09°€s Tty €L9% YTly 19SS vew &L vLe 89'L9 GE'08 0C'8L 6999 6'9L ¢0'69 €S
676 €9/ LSSy 89°CS TS 76'0S c9'¢s 0L'6C L[99l L€69 0Ly YEC9 91'68 ¢6'€8 veLL 88'9S ¢S
l9°'G  €g'es S¢S LT9Y [4:33 6'LS 9'€9 86'ls 009 <CClL 85'89 9les £07C8 L1 £L0V9 S€'69 LS (%) DMY
L0 €Y 89y 6LY or'y LEY vCe [4°h 74 960 990l 29’6 LS50l oLl €801 6901 €CLL 9S
LS50  S8'€ 1243 e [47474 9Ty e 13744 LEO 696 66’6 144 710l 6’6 8’6 oLolL SS
87’0 ¥0Vv SO oLy SEY JAN 4 [4R3) L'y 910 L10lL 6’6 Scol 700l L6'6 710l €eol vS
190 €T¥ I°R3 e 98y TA 4 14274 Sov L'l 9€0lL 8L'6 90'6 €S'LL 70'LL 86'6 6€°L1L €S
L¥’'0  ¥8'€ 66'€ [44% 14004 ¥6'€ (T€E LEY 9¢€'0 €96 SC6 0’6 79'6 €96 €00l L6 [
8390 607 [4:23 8lL's 1184 [d0h7% 78'€ [4°33 L¥'0 000l 0€6 0ooL €66 78'6 €0l 6101l LS (6/bw) vy
960 ¥89 6TL VAV 'L [44yA €19 s LEO VLY 69t v (TS LS Sv'v 13744 9S
S50 ¥0L 98'L L €L L6'9 L9 €C9 890 G¥'S 299 8L'S €0'S [42h% €rs 6'S SS
890  /L/9 €S/ SLz 189 L9 €89 L8'S 180 O0l'S 599 00°S [4°2 74 6CY 86t L0°S vS
€50 989 €L9 76’9 'L €€, L6'9 €€9 91'0 ¥8'S 98'S 809 €6'S L8'S €9'G LL'S €S
€C0 0SL 0T'L (VAVA 89, 9¢€'L 0cL 89/ 690 €09 LT9 L8'S €ev's 8C'S 8L’ 819 ¢S
€L 799 SEY 'L S0°/L €69 $69 0L 0£0 LEV Lce [4:34 oSy L'y SCS €0y LS (snun)Hd
61-810C 8l-£10C 61-8l0C 8l-/ZL0C 61-8lL0C 8Ll-£10C 61—810C 8l-Ll0C 61-8l0C 8l-/10C 61-8L0C 8l-/L10C JesA
(¥)@s uespy J9JUIM Auiey Jpwwnsg  (F) s uesyy JDJUIM Auiey Jawwng  uoseas
) 53 9|dwes J3RwWeled

eale Apn3s ay3 uj sapdads jueld pajjos3uod pue [ejusawadXa Jo si9}aweled [edjwaydolg € ajqel

A SPRINGERNATURE journal

SN Applied Sciences



//doi.org/10.1007/542452-020-03431-5

1663 | https

SN Applied Sciences (2020) 2

Research Article

0000'L—  (S€T6°0) (558£°0) (eL€£8°0) (z988'0-)  0000'L—  (oL¥16°0) (5£66°0) 0000°L - (165£0-)  (:C¥6L0) (c€6¥8°0) (¥£160)
0000'L 2L8C6°0 67180 2,980 26056'0—  0000°L «8976°0 89860 0000'L elE6L0— 20980 L7860 /8260 11dv
0000'L—  (818£°0) (51820 (£2080-) 0000°'L— (9108°0) 0000'L—  (c:€806'0-)  (8/Z6'0-)  (€92L0-)
0000'L 29v92°0 290€2°0 7s80— 0000°L 0LSSL°0 0000°L 8VE6'0— 7006'0— 85¥/ 0~ yoL
0000'L—  (:9/¥80) (9€18°0-) (c£€68°0) 0000'L—  (cC9¥L°0) (:8€82°0)
0000'L €206'0 97080~ 54980 0000°L L7080 215580 oMy
0000'L—  (c9%06'0-) (:62€8°0) 0000°'L— (z008'0)
0000°L FSP6°0— F€8L°0 0000°'L 210920 Y S
0000'L — 0000'L — 0000'L —
0000°'L 0000'L 0000°L Hd
0000'L—  (,C198°0) (:962£°0) (:5€08°0-) (€09£°0) 0000'L—  (c65€8°0) (c0S¥£°0) 0000'L - (z€98°0) (e1€96'0-)  (c€6£80-)  (.£596'0-)
0000'L F€L8°0 eL€6L°0 £/€8°0— 259180 0000°'L SE€S6°0 e9LT8°0 0000'L 68€8°0 «8Y06'0— e6€5L0— V880~  ILdV
0000'L—  (e62£L°0) (29968'0-)  (LZ¥8°0) 0000°'L— (z9z8°0) 0000'L—  (elSZL°0) (L098'0-)  (££56'0-)
0000'L 08620 £556'0— 8€18°0 0000°L oL6EL0 0000°'L 28£98°0 0LEG0— 9OVL6'0— yoL
0000'L—  (;¢5€6'0-)  (c58£8°0-) (elTTL0) 0000'L—  (6/720-)  (c1906'0-)
0000'L 6LE60— oL¥T6'0— eS€0L°0 0000°L e8TEL0— 2C858'0— DM
0000'L—  (c8658°0-) (e#€98°0) 0000'L—  (c€¥6£°0)
0000°'L oCVS80— 056780 0000°L eS62L°0 Vv €S
0000°L- 0000'L — 0000'L —
0000°L 0000'L 0000'L Hd
0000'L—  (€£588°0) (c¥268°0) (eS506'0-)  (£516'0-)  0000'L—  (.18€80-) (eSTT6°0) 0000'L—  (2£TLL0-)  (2596°0) (e¥€£6°0) (¢8996°0)
0000'L .0108°0 «€806°0 9ZL6'0— /6880~  0000'L e€L180~ €680 0000'L eCT9L°0~ L8Z6'0 L7660 eSLE60 11dv
0000'L—  (e£586°0) (82£8°0-) (€veL0-) 0000°L— (e£506°0-) 0000'L— (062£'0-)  (e¥0TL'0-) (££68°0-)
0000°L 20£06°0 67280~ S092°0— 0000°L 287980~ 0000°L oSE6L0— 06¥72°0— 88780~ UL
0000'L—  (c€878°0-)  (:60SL0-) (eS¥28°0) 0000'L— (£€98°0) (5666°0)
0000'L L6680~ 6870~ 8Y8L°0 0000°L 68680 e£L£96°0 JMY
0000'L—  (cCTS8°0) (:€508°0) 0000'L—  (:050£°0)
0000°'L 287080 oCEL80 0000°L 280220 Vv [4
0000'L — 0000'L — 0000'L —
0000°L 0000'L 0000'L Hd
0000'L—  (29580) (e¥9¥L°0) (5€96°0) (S£16°0) 0000'L—  (o£L¥8°0) (c€8€6°0) 0000'L—  (.££06°0) (eS528'0-)  (c62S8°0) (e15T6°0)
0000'L «7998°0 LGS0 £€66°0 88880 0000°'L 02080 82060 0000'L 02680 219920~ 206660 259560 11dv
0000'L—  (cC€T80) (£906°0) (€058°0) 0000°L — (e¥S¥8°0) 0000'L—  (:82£L°0) (€0582°0) (6998°0)
0000'L STP80 86760 89760 0000°L 25080 0000°L °5T8L°0 LS80 6¥9L°0 UL
0000'L—  (e£6€8°0) (e92T80) (el€£8°0) 0000'L—  (,£7680-)  (c5478°0-)
0000'L 8€6L0 2£858'0 .L€92°0 0000°L FLL60— OVLL0— DMY
0000'L — (€¥£6°0) (e¥£T6°0) 0000'L—  (el¥6£°0)
0000°'L 29160 °C€88°0 0000°L €180 Y LS
0000'L — 0000'L — 0000'L —
0000°L 0000°L 0000'L Hd
11dY yoL MY vV Hd 11dY yoL Hd 11dY yoL MY vV Hd Mm
J2UIM Auiey Jawwng jueld

9}IS pue UOSeas 0} }3dsai Yim sa1dads Jue|d SNOLIBA J0) PaINseaw sid}awedled [BDIWSYDOI] SNOLBA USSMIS] UOIR|3II0D)  3]qe]l

A SPRINGERNATURE journal

SN Applied Sciences



Research Article

//doi.org/10.1007/542452-020-03431-5

1663 | https

SN Applied Sciences (2020) 2

(P3J1e} OMI) [9A3] SO0 Y3 3B JURDYIUBIS S UOIIR[D1I0D),

SD J10j anjeA uolje|ali0d a3edipul 393delq ul senjep

0000L— (#186'0)  (:9Z¥8°0) (21£08°0) (eS¥8£'0-)  0000'L—  (;¥9£8°0) (,CS¥8°0) (e9L¥L°0) (9958°0) 0000'L— (1%8£°0) (926£°0) (518£0-)  (S516°0)
0000'L S8E6°0 79980 81SL'0 69780~ 0000'L S92£0 +£006°0 £66£°0 766L°0 0000'L 02240 oLVS80 67880—  oLES60 11dv
0000'L—  (c£SE6°0) (0v£8°0) (5€96'0-) 0000'L—  (o£9€£°0) (:59£8°0) (:v£68°0) 0000'L - (€v2L0) (L1T6'0-) (91060
0000'L 6.56'0 97880 HSL60— 0000°L 6EV80 81960 ¥126'0 0000°L 56920 SYL6'0— 97680 WL
0000L—  (:95€6°0) (eTVEL'0-) 0000'L—  (:¥9£6°0) (:€9€6°0) 0000L—  (€£56£°0) (€9€2°0)
0000'L 78560 £€88/°0- 0000'L £8V6°0 86160 0000'L 0280 210980 MY
0000'L—  (ob9¥6'0-) 0000'L—  (o£18£°0) 0000'L—  (25€6'0-)
0000°L V60— 0000'L 96780 0000'L 8£56'0— vy 9s
0000'L — 0000l — 0000°L -
0000'L 0000'L 0000'L Hd
0000'L—  (#926'0)  (cSTLLO) (e¢STL0-)  (eSL6£0-)  0000L—  (2OV80) (.CEL80) (.£5¥8°0) (92££°0) 0000'L—  (,L¥08°0) (eSE6£°0-)  (.£9/8°0) (c628£°0)
0000'L 61160 S618°0 e€451°0—  0L680—  0000'L +£096°0 LSE80 86780 €£08°0 0000'L 6580 1860~ 58960 217680 11dV
0000'L—  (95€8°0) (06¥8°0-)  (29£8°0-) 0000'L—  (oLETL0) (19L£°0) (LLT6°0) 0000'L - (57£80-)  (L¥EL0) (91580
0000'L 67980 8TY60— SOV6'0— 67840 61820 7596'0 0000°L oC0L60—  olE6L0 w160 uwlL
0000L—  (,LSE8'0-)  (:6€9£0-) 0000L—  (:L518°0) (:618£°0) 0000'L—  (.S€8£0-)  (o£598°0-)
0000'L oC8LL0—  oSS/80- 0000°L 64180 216080 0000°L 9L680—  98680—  DMY
0000'L—  (s¥SE8°0) 0000'L—  (oL8EL0) 0000'L—  (o££26°0)
0000°L 8€680 0000'L 2959/°0 0000'L 07560 vy SS
0000'L— 0000'L — 0000'L —
0000'L 0000'L 0000'L Hd
11dY yoL MY vV Hd 11dY YyoL MY vV Hd 11dY YL MY vV Hd H__M
JDIUIM Auiey JAwwns  jueld

(panunuod) ¥ 3|qer

SN Applied Sciences

A SPRINGERNATURE journal



Research Article

SN Applied Sciences (2020) 2:1663 | https://doi.org/10.1007/542452-020-03431-5

7.86 for S5 species in winter 2018-19. The occurrence of
oxides of sulphur and nitrogen or other acidic pollutants in
the industrial discharge present in the ambient air causes
an alteration in the pH of leaf latex towards acidic [29].
The good association of the leaf extract’s acidic pH with
the sensitivity to air pollution [9]. As shown in Table 4, a
good positive correlation exists between pH and AA val-
ues in most of the experimental and controlled samples.
The highest value was observed for S1 species amongst ES
(r=0.9136) and CS (r=0.9743) in winter season which indi-
cates that an increase in pH value leads to an increase in
pollution resistance mechanism of plants. There also exists
a good negative correlation between pH and AA values
for ES and CS samples of S3 (r for ES=—0.8542 and r for
CS=-0.8598), 54 (r for ES=—0.9454 and r for CS=-0.9046)
and S6 (r for ES=—0.9746 and r for CS=-0.9464) plant
species in winter season which indicates that an increase
in AA value leads to a decrease in pH value of leaf extract.
There also exists a strong positive correlation between pH
and RWC for S2 species in summer season (r for ES=0.9637
and r for C5=0.9995) which indicates that an increase in
pH value leads to an increase in water holding capacity of
leaves. There exists a good positive correlation between
pH and TCh for S5 species (r for ES=0.9652 and r for
CS=0.9271) in the rainy season which indicates that the
rise in pH leads to a reduction in loss of chlorophyll con-
tent under pollution stress. This increases the dwelling
time of plants. There also exists a very strong positive cor-
relation between pH and APTI for S4 (r for ES=0.9868 and r
for CS=0.9975) sample in the rainy season which indicates
that a plant becomes more tolerant with an increase in pH
of its leaf extract.

On comparing the previous studies with the present
study as shown in Table 5, it was observed that S2 has
showed higher pH value than reported by Singh et al. [26]
and S6 has reported higher pH values than reported by
Adamsab et al. [30], Anake et al. [31], Ogunkunle et al. [32],
Ogunrotimi et al. [33].

3.2 AA content

During the analysis of the ascorbic acid content of leaf
samples, it was detected that the values were higher in the
experimental samples from the industrial zone and lower
in the controlled samples from the non-industrial zone.
S6 sample has revealed the highest value (10.66 mg g™'),
whereas S2 has exhibited the lowest value (9.53 mg g‘1)
in an industrial zone. S3, 56 have shown the highest
value (4.23 mg g~') and S2 has reported the lowest value
(3.84 mg g7") for the controlled samples. Among the
experimental samples, the higher value was observed for
S3(11.53 mg g™') in rainy 2018-19 and the expressively
lower value was observed for S2 (9.02 mg g') in winter
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2017-18. For controlled samples, the value was higher for
S1(5.18 mg™") in winter 2017-18. 51, S3, S4, and S6 were
found with the higher mean AA values indicating good
resistance and others with the lower mean AA values were
observed to be less resistant to pollution stress. The higher
values of ascorbic acid indicate an efficient increase in the
defence system of the plant under polluted stress condi-
tions [34]. The ascorbic acid stimulates resistance to the
antagonistic environmental condition, counting air pol-
lution and is observed as an antioxidant found in great
quantity in all mounting plant parts [35, 36]. Due to the
improved rate of production of reactive oxygen species
during photooxidation progression, a pollution load-
dependent increase is detected in the ascorbic acid con-
tent of all plant species [37]. As indicated in Table 4, there
exists a strong positive correlation between AA and RWC
for S6 (r for ES=0.9483 and r for C5=0.9364) sample in the
rainy season which indicates that an increase in ascorbic
acid content results in an increase in drought tolerance
capacity of the plant. There exists a strong negative cor-
relation between AA and TCh for S6 (r for ES=-0.9745
and r for CS=-0.9217) sample in summer season which
indicates that a decrease in chlorophyll content due to air
pollution leads to an increase in the defence mechanism of
plants. There exists a strong positive correlation between
AA and APTI for S1 (r=0.9990) industrial zone species and
for S2 (r=0.9734) species in summer season which indi-
cates that an increase in ascorbic acid content contributes
to plant’s tolerance towards pollution stress.

The comparative data of previous and present study
shown in Table 5 revealed that the ascorbic acid values of
S1 sample in the present study were found to be higher
than the values reported by Das et al. [2], Suvarnalakshmi
et al. [13], Banerjee et al. [38], Thakar and Mishra [39]. S2
sample in the current study revealed higher ascorbic acid
values than reported by Singh et al. [26] and Krishnaveni
and Lavanya [40]. S4 sample has reported higher AA values
in present study than reported by Singh et al. [26], Choud-
hary and Banerjee [41]. The present study revealed higher
AA value for S6 sample as compared to the values reported
by Adamsab et al. [30], Anake et al. [31], Ogunkunle et al.
[32], Ogunrotimi et al. [33], Agbaire [42], Krishnaveni et al.
[43], Govindaraju et al. [44], Paulsamy and Senthilkumar
[45].

3.3 RWC

The current study stated that RWC values varied with the
season and sample. Among the experimental samples,
the highest amount of mean RWC was observed for S5
(74.33%) followed by S6, S3, S1 and S4 while the least
was observed in S2 (69.31%) sample. It also reported that
the RWC values were significantly higher for ES than CS
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Table 5 Comparative data of various APTI related parameters reported globally

Name of the plant Sampling location/  Year of sampling pH AA(mgg™) TCh(mgg™) RWC (%) APTI References
species region/country
Ziziphus jujube (S1)  Beijing, China July-October 2001  5.89 26.60 3.40 73.30 31.80 [12]
Coimbatore, India ~ 2001-2002 6.20 63.16 2.19 72.09 60.24 [50]
Western Orissa, 2009 585 8.1 10.29 53.48 13.20-18.27 [39]
India
Rourkela, India 2009-2010 6.10 18.33 0.79 88.66 18.81 [8]
Rourkela, India July 2009 498 834 0.79 62.43 11.05 [2]
West Bengal, India  2013-2014 6.26 5.93 2.40 85.71 14.32 [38]
Varanasi, India - 6.00 10.50 10.26 80.00 25.00 [26]
Andhra Pradesh, - 6.50 9.82 8.90 72.00 22.32 [13]
India
Mumbai 2017-2019 4.37 10.00 5.07 71.22 16.59 Present Study
Pithecellobium dulce  Varanasi, India - 6.00 7.05 16.41 87.00 24.00 [26]
(Sw.) DC (S2)
Tamil Nadu, India January 2014 8.50 3.80 1.15 38.00 7.50 [40]
Mumbai 2017-2019 6.03 9.3 5.61 69.31 18.03 Present Study
Ricinus communis Uttar Pradesh, India - 6.20 25.10 17.20 70.00 65.73 [53]
L. (S4)
West Bengal, India  March—June 2007 6.15 6.23 14.02 62.06 18.80 [41]
Varanasi, India - 6.20 5.00 17.20 93.00 21.00 [26]
Karnataka, India - 590 18.90 1.24 89.70 22.46 [30]
Tamil Nadu, India 2001-2002 6.20 63.16 2.19 72.09 60.24 [50]
Mumbai 2017-2019 510 10.11 4.79 70.97 17.10 Present Study
Terminalia catappa  Delta state, Nigeria - 539 1.16 71.01 88.30 17.70 [42]
L. (S6)
Horin, Nigeria - 450 0.35 55.00 85.00 12.30 [32]
Ogun State, Nigeria  January-March 451 5.16 1.09 88.90 12.00 [31]
2016
Osun state, Nigeria - 440 3.10 0.50 90.90 12.50 [33]
Tamil Nadu, India February 2008 530 282 2.31 67.53 8.91 [45]
Karnataka, India - 450 4.72 0.47 83.72 10.71 [30]
Tamil Nadu, India December 2015- 7.00 0.20 45.03 56.55 7.30 [43]
January 2016
Tamil Nadu, India December-January 475 2.24 1.61 80.69 9.50 [44]
(2008 and 2009)
Mumbai 2017-2019 4.74 10.66 5.90 73.57 17.38 Present Study

due to high exposure to the pollutants. The air pollu-
tion stress can be seen on the plant leaves in the form of
high transpiration rates which can lead to desiccation of
leaves [14]. The high-water content within a plant body
will benefit to maintain its physiological equilibrium
under stress circumstances such as a revelation to the
air pollution. Therefore, conservation of RWC of the plant
may resolve the comparative tolerance of plants towards
air pollution. The better drought tolerance capacity will
be due to the higher RWC in a particular species [46]. In
the present study, the plant species S5, S6 and S3 were
able to achieve the higher water content in the leaves
under pollution stress.

The seasonal analysis of RWC values in the present
study has described the highest value for the 5S4 (91.65%)
in the summer season of 2017-18 while the least value of
the S6 sample (44.58%) in winter 2018-19 collected from
the industrial zone (ES). The CS samples have revealed the
higher RWC values for S5 sample (75.91%) in the summer
season. The high-water availability during the rainfall leads
to higher RWC during the monsoon season [47]. Table 4
indicates that a strong positive correlation exists between
RWC and TCh for S4 experimental species (r=0.9709) in
the rainy season and for S2 controlled sample (r=0.9857)
in winter season which indicates that a rise in leaf water
content during the rainy and winter season leads to a
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reduction in loss of chlorophyll content in plants. There
exists a strong positive correlation between RWC and APTI
for S1 experimental species (r=0.9888) in the rainy sea-
son and for S2 controlled sample (r=0.9652) in summer
season which indicates that an increase in RWC leads to
an increase in air pollution tolerance capacity of plants in
any season.

The comparison of the previous study with the present
study shown in Table 5 indicates that the S1 sample has
exhibited higher RWC value in the present study as com-
pared to the values reported by Das et al. and Thakar and
Mishra [2, 39]. S2 sample has shown higher RWC value
than reported by Krishnaveni and Lavanya [40]. S4 sample
has revealed higher RWC value as compared to the value
reported by Choudhary and Banerjee [41]. S6 sample has
shown higher RWC value than reported by Krishnaveni
et al. and Paulsamy and Senthilkumar [43, 45].

3.4 TCh content

The present study has revealed the lower TCh for ES and
higher for CS. Among the experimental samples, the
reduction in mean TCh content reported was S6 (5.90 mg
g7")>52>51>54>55>53 (4.35mg g™"). CS has exhibited
the higher mean TCh for S6 (6.76 mg g~') and the least for
S5 sample (543 mg 9‘1). S1, 52, and S6 were able to main-
tain TCh values in the polluted zone as compared to S3,
S4 and S5 samples. A small difference was observed in the
TCh values of experimental and controlled samples. The
plants growing in the industrial area were able to maintain
their chlorophyll content even under high pollution stress.
Diminution in the chlorophyll results in poor vigour of the
plants with the reduction in productivity [48]. Therefore,
the plants upholding the chlorophyll, even under polluted
atmosphere, contribute to APTI. The chlorophyll content
displays straight association with the photosynthetic com-
motion of the plant [49]. The development of the plant is
relying on the total chlorophyll content. The consequence
of deprivation in the chlorophyll due to loss of magnesium
is detected in the form of a significant drop in chlorophyll
content value for the plant species rising in an industrial
area. It diverges from species to species [14].

Seasonal analysis in the current study has revealed
that the highest TCh content was observed in S2 sam-
ple (7.18 mg g™') in summer 2017-18 while the least was
observed for S1 sample (3.04 mg g™') in rainy 2017-18
growing in an industrial area. During the analysis of
CS, the highest TCh value was observed for S2 sample
(8.87 mg g‘1) in summer 2017-18 while the least for S1
sample (3.59 mg g7') in rainy 2017-18. Table 4 indicates
that a strong positive correlation was observed between
TCh and APTI for S5 experimental species (r=0.9603) in
the rainy season and S6 (r=0.9814) controlled species in
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the winter season. This positive correlation indicates that
an increase in TCh value contributes to an increase in air
pollution tolerance capacity of plants in any season.

On comparing the data presented in previous and
present study given in Table 5, it was observed that S1
sample has reported higher TCh values as compared to
those reported by Das et al. [2], Das and Prasad [8], Yan-ju
and Hui [12], Banerjee et al. [38], Karthiyayini et al. [50],
whereas S2 sample has shown higher TCh values than
reported by Krishnaveni and Lavanya [40]. S4 sample in
the current study has exhibited higher TCh values than
reported by Adamsab et al. [30], Karthiyayini et al. [50]. S6
sample has reported higher TCh values as compared to the
values reported by Anake et al. [31], Ogunrotimi et al. [33],
Govindaraju et al. [44], Paulsamy and Senthilkumar [45].

3.5 APTI

Experimental samples have shown higher APTI values
as compared to controlled samples in Table 3. The plant
species display a higher tolerance in the industrial zone
than in the non-industrial zone. The highest mean APTI
value was exhibited by S2 (18.03), and least mean value
was exhibited by S1 (16.59). The minimum difference was
observed in highest and lowest mean APTI values. Hence
all the six plant species are proved to be comparatively
tolerant species. Seasonal analysis has revealed the high-
est value of 21.60 for S2 sample in summer 2018-19 and
the lowest value of 11.73 for S6 sample in rainy 2017-18.
An overview of all results obtained from the study reveals
that the APTI value of the same plant species varied from
season to season. There was a considerable variation in
the susceptibility of the plant species towards air pollu-
tion [5]. The tolerant plant species described higher APTI
while sensitive species indicated lower APTI values. A large
number of plant species can be screened for their sensitiv-
ity to air pollutants and resolve a simple method of APTI
investigation [51].

The comparative data of previous and present study
shown in Table 7 revealed that the APTI values observed
in the present study were higher for -S1 sample than
reported by Das et al. [2], Banerjee et al. [38], S2 sample
than reported by Krishnaveni and Lavanya [40], S6 sample
than reported by Adamsab et al. [30], Anake et al. [31],
Ogunkunle et al. [32], Ogunrotimi et al. [33], Krishnaveni
et al. [43], Govindaraju et al. [44], Paulsamy and Senthil-
kumar [45].

The increase in pH, AA, TCh, RWC and APTI values for
plant samples in the present study as compared to the
data reported by other researchers around the world indi-
cates the improved tolerance capacity of plant species of
Chembur (Mumbeai) industrial area.
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3.6 Anticipated performance index (API) and green
belt development

The resultant APTI values, some appropriate biological and
socio-economic characters (tree habit, canopy structure,
type of tree, laminar size, laminar texture and economic
importance) were combined to calculate the API values
for different plant species. Based on these characters, + or
— grades are allotted to the plants. Plants are differentiated
using the scored grades [1, 47, 52]. Plant species grow-
ing in the industrial area were evaluated for anticipated
performance index (API). The API of six plant species was
determined as given in Table 6.

With reference to the assessment based on APl grade
as shown in Table 7, it was observed that the S6 and S2
plant species have shown excellent tolerance, whereas
the S4 plant species have exhibited very good toler-
ance to industrial air pollution. The S3 and S5 plant spe-
cies have reported good tolerance towards pollution
stress conditions. These five plant species can be rec-
ommended for plantation in the industrial zone. The S1
plant sample has reported moderate API value which
can be planted for aesthetic and economic importance
in industrial area.

4 Conclusion

Based on the outcomes of the present study, it can be
concluded that the APTI values significantly varied con-
cerning to species, season and zone. Pithecellobium dulce,
Celosia argentea, Ricinus communis, Apluda mutica and
Terminalia catappa plant species have reported higher
APl grades amongst six industrial plant species and
are recommended for green belt development in the
industrial area. Terminalia catappa is an evergreen plant
which can be planted on a large scale to develop green-
ery throughout the year around the industrial zone. With
cumulative industrialization and deforestation, there is
a collective threat of an increase in air pollution and an
adverse human health effect. Hence mitigation of air
pollution is the need of the hour. The present study can
serve as a simple tool towards the best and cheaper way
to ameliorate the air quality in the industrial area. A simi-
lar study can be carried out to identify the tolerant plant
species in any industrial or residential area of the world.
The expansion of green belt around the world can lead
to the availability of healthy air and green nature for the
next generations.

Table 6 Evaluation API of plant species on the basis of their APTI, biological and socio-economic characters

Economic Total plus % Scoring APl grade

Canopy  Treetype Laminarsize Laminar Laminar
structure

Tree habit

APTI

Scientific name

Sample No.

importance

hardness

texture

3
6
4

56.25
87.50

62.50

++
++

++

Ziziphus jujube

S1

14
10

++

+
+

-+
+H++

Pithecellobium dulce (Sw.) DC

Celosia argentea L.

S2

S3

5
4
7

75.00
62.50
93.75

12
10
15

++
+
++

++
++
++

+
++

e+
e+
e+

Ricinus communis L.
Apluda mutica L.
Terminalia catappa L.

< wn
v n

O
wv
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Table 7 Criteria for allotting assessment category to plant species
with respect to API

Grade Percentage score Assessment category
0 Up to 30 Not recommended

1 31-40 Very poor

2 41-50 Poor

3 51-60 Moderate

4 61-70 Good

5 71-80 Very good

6 81-90 Excellent

7 91-100 Best
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