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ABSTRACT

The acidulation of rainwater is connected intimately with industrial development. Rainwater samples collected 
from industrial and automobile traffic congested Cities of Lagos, Port Harcourt, Kano and Gombe were used in a 
screen-house experiment. The effect of atmospheric gases NO2, SO2 and CO2 were determined on anatomy of phyl-
loplane and chlorophyll contents. The rainwater samples were administered to the plant for six weeks. One-way 
analysis of variance approach was used for the statistical analysis followed by Duncan’s multiple-range tests. The 
findings showed that from the month of April through July, the concentrations of atmospheric acid derivatives were 
significantly (p<0.05) decreased. However, the acidulated rainwater induced; alterations on the cuticle, collapsed 
epidermal cells, formation of lobules of scarred tissue and necrosis. Again, Chlorophyll content (F Tomato=8.4128, 
2.5368, 11.411; p<0.05) were significantly decreased. The findings showed that both car emissions and heavy indus-
trial activities contributed significantly to the acidity of rainwater. It also demonstrated that acidified rainwater sig-
nificantly affects the anatomy and physiology of plants studied. It is therefore, important to plant acidophilic trees 
in the study areas to reduce the effect of acid rain on other vegetable crops.

INTRODUCTION

Acid rain is an atmospheric precipitation that is ab-
normally acidic and contains high-level of hydrogen 
ions (Lal, 2016). This is formed by emissions of Sul-
fur Dioxide (SO2) and Nitrogen Oxide (NO2) (Inter-
national Energy Agency, 2016), these atmospheric 
pollutants dissolve in atmospheric vapour to pro-

mixed with rainwater, the pH level is reduced be-

heavily industrialized areas have experienced prob-

It has been suggested that acidulated rain water-
causes anomalies in physiological processes includ-
ing photosynthesis, chlorophyll content, nitrogen 
metabolism, and production of reactive oxygen spe-

as a result of water quality degradation (Debnath, 

Anatomically, acid rain is reported to alter the cuti-
cle thickness, deformation of cell and stomatal cells 
occlusion, removal of trichomes, cellular collapse, 

This study aims to examine the anatomical and 
physiological elements of resilience in acidulated 
condition in these urban species. It’s also adds to en-
vironmental preservation and sustainable develop-
ment in regions throughout the world that is affect-
ed by acid rain and has both scientific and practical 
ramifications. 
Study Location 

The Federal University of Technology Owerri in 
Imo State served as the study’s location. The state 
can be found in Nigeria’s southeast. Between lati-
tudes 5°22’N and 5°19’N and longitudes, 6°58’E and 
7°00’E where it is located (NIMET, 2016) (Fig. 1).The 
region is in a tropical rainforest zone with the wet 
season from April to October and the dry season 
from November to March: The local daytime and 
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Carbon (IV) dioxide: Ten milliliters of rainwater sam-
ple were measured and four drops of phenolphthalein 
was added. The colorless solution was then titrated with 
0.045 M of sodium carbonate solution. It was stirred gen-
tly with glass rod and sodium carbonate was added in 
bits. A faint pink color that remains for at least 30 sec-
onds indicated the presence of carbon (IV) oxide. (Din-

2 was calculated as:  

                            Volume of sample

Where N=Normality of water, 22=Equivalent rate of 
CO2.
Planting Procedure

The experiment was laid in complete randomized design 
with the treatments (acidulated rain water) from Lagos, 
Port Harcourt, Kano and Gombe (4 bags for each treat-
ment). Each treatment was replicated 3 times (48 poly-
thene bags) for the whole experiment; five crops of to-
mato were planted. Three weeks after germination, each 
bag was sprayed with 500 ml of collected rain water for 
six weeks.
Determination of Anatomical Properties

Leaf samples of 3 representative seedlings (n=3) were 
used for anatomical study. Twenty-four hours after the 
last rain application, one leaf from each plant was taken. 
By applying the proper pressure, a leaf sample was frac-
tured from the front and rear, exposing the lower sur-
face’s peel (Pham, 2021). The epidermal layer of the leaf’s 
dorsal side was used to collect the leaf peel. A portion of 
a peel was transferred into a watch glass filled with water 
and then a few drops of safranine solution were added to 
stain the leaf peel. After five minutes, the stained peel 
was transferred to another watch glass containing water 
to wash off excess stain, and then transferred onto the 

The slide was then covered with a cover slip. Using low 
power microscope (100 X) the micromorphology was ob-
served.
Extraction and Measurement of Chlorophyll

One gram of a fresh-cut leaf was grounded using a pestle 
and mortar with 20 ml–40 ml of 80% acetone. The solu-
tion was centrifuged at 5000 rpm–10,000 rpm for five 
minutes. Once the colourless residue was produced, the 
supernatant was moved to another test tube and the pro-
cess was repeated. The solution’s absorbance was mea-
sured at 645 nm and 663 nm wavelengths in comparison 
to a solvent (acetone) blank. Using spectrophotometer 
(DR2800 N0.290).

The amount of chlorophyll-a and b in the extract chloro-
phyll was measured using a spectrophotometer. Chloro-
phyll absorbance was measured at 645 nm and 663 nm, 

preferably in the range of 0.2 to 0.8 absorbance units, 
the extract was diluted with 80% acetone (Harborne, 

night ranges from 18 hrs and 24 hrs, and the daily aver-
age temperature is 19°C to 28°C. 

Fig. 1 Map of federal university of technology owerri showing 
study site . Note: ( ) Study area; ( ) River; ( ) Major struc-
ture; ( ) Major road; ( ) Minor road.
MATERIALS AND METHODS
Experimental Design and Treatments 

Collection of rainwater sample: Sampling of rainwater 
was carried out between April and July, 2022. Sampling 
was set up at open spaces in five locations (5 replicates) 
randomly selected to cover the built-up areas of the cities 
of Lagos, Port Harcourt, Kano and Gombe (control). A 
plastic container was placed on a 2 m high platform. The 
sampling container was placed on the platform at the be-
ginning of a rain event. After the rainfall, the container 
was removed, covered and stored. This was designed to 
eliminate significant contribution from dry deposition. 
Collected samples at the internal of two weeks were 
combined and analysed. 
Determination of PH and Concentrations of SO2, CO2 
and NO2 in the Rainwater

pH test: Rainwater sample (10 ml) was placed in test 
tube and 20 mls of bromothymol blue solution was add-
ed to each test tube. A glass electrode was dipped into 
the solution then dipped into the pH meter to test the pH 

Sulphur dioxide: The spectrophotometric (DR2800 
N0.290) method was used; whereby 10 mL of water sam-
ples were poured into square sample cell, twelve drops 
of alkaline-cyanide reagent solution were then added to 
each cell to determine the level of each of the trace metals 

Nitrogen dioxide: About five drops of water sample 
were poured in an evaporating dish, then two drops of 
diphenyl amine were added to sulphuric acid in a con-
ical flask. The content of the flask was poured into the 
evaporating dish and the solution was heated. Blue co-
lour indicated the presence of nitrate. The absorbance of 
the mixture was read on a spectrophotometer at 520 nm 

CO  (μeq/L)= NaCO3  × N × 22 × 1000

of the water sample (Dinrifo, 
et al.,

 2010).et al.,
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compute the concentrations of total chlorophyll, chloro-
phyll-a, and chlorophyll-b in the sample:

Total Chlorophyll: 20.2(A645)+8.02(A663)

Chlorophyll a: 12.7(A663)–2.69(A645)

Chlorophyll b: 22.9(A645)–4.68(A663)

Where: A645=absorbance at a wavelength of 645 nm; 

A663=absorbance at a wavelength of 663 nm.
Statistical Analysis

The one-way Analysis of Variance (ANOVA) was used 
to analyze the data collected. The R 4.2.1 Statistical Pack-
age was used for all analyses. Duncan’s multiple-range 
tests we	re used to show the differences between means 
that were statistically significant (p<0.05).

RESULTS 
pH and Concentrations of Acid Derivatives (SO2, NO2 
and CO2)

The results of the chemical proportion/concentration 
of the acid derivatives of the atmospheric acid gases for 
several months at Ikeja, Lagos State, are shown in Fig.2. 
An acid derivative (SO2) shows a significant difference 
at (p<0.05) in the month of April, May, June and July. 
However, CO2 shows no significant difference between 
the month of April and May; and also, June and July at 
(p<0.05). Also, NO2 did not differ significantly in the 
month of April, May and June, but differs in the month 
of July. The pH level did not differ in the month of April 
and May but differs in the month of June and July at 
(p<0.05). 

Fig. 2 Chemical composition of rain water collected from Ikeja, 
Lagos State. Note: ( ) pH value; ( ) SO2 (µeq/L); ( ) NO2 
(µeq/L); ( ) CO2 (µeq/L).
Fig.3 shows the results of the chemical proportion/con-
centration of the acid derivative of atmospheric acid gas-
es at Alesa Eleme, Port Harcourt, for various months. 
The acid derivative (SO2) shows significant difference in 
all the Months at (p<0.05). However, CO2 did not differ 
in the month of April and May at (p<0.05) but differs 
significantly in the Month of June and July. While, NO2 

shows no significant difference in the month of April and 
May, but differs in the month of June and July at (p<0.05). 
The pH level did not differ in the month of April, May 
and June but differ in the month of July.

Fig.4 shows the chemical proportion/concentration of 
the acid derivative of atmospheric acid gases for several 
months along Sani Abacha Road in Kano State. An acid 
derivative SO2 differs significantly in the month of April 
and July but did not differ in the month of May and June 
at (p<0.05). While, CO2 shows no significant difference 
in the month of April, May, and June but differs in the 
month of July. Moreover, NO2 did not differ between the 
month April and May also between June and July sig-
nificantly at (p<0.05). The pH level differs in the month 
of April and July but did not differ significantly in the 
month of May and June.

Fig.5 shows chemical proportion/concentration of the 
acid derivative of atmospheric acid gases for several 
months at Kwadon, Gombe State. An acid derivative SO2 
differs significantly in all the months at (p<0.05). NO2 

Fig. 3 Chemical composition of rain water collected from 
Alesa Eleme, Port Harcourt State. Note: ( ) pH value; ( ) 
SO2 (µeq/L); ( ) NO2 (µeq/L); ( ) CO2 (µeq/L).

Fig. 4 Chemical composition of rain water collected at Sani 
Abacha Road, Kano State. Note: ( ) pH value; ( ) SO2 
(µeq/L); ( ) NO2 (µeq/L); ( ) CO2 (µeq/L).
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irrigated with acidulated rainwater from; Lagos (18.45 
mg/g) and Port Harcourt (22.40 mg/g) did not differ 
significantly. Again, that of Port Harcourt (22.40 mg/g) 
and Kano (25.96 mg/g) showed no difference signifi-
cantly but that of Lagos and Kano showed significant 
difference. Moreover, rainwater from Gombe gave Chlo-
rophyll A level of 32.79 mg/g with a significant differ-
ence at (p<0.05) from the other treatments. All the plants 
irrigated with rainwater from; Lagos (32.35 mg/g), Port 
Harcourt (40.22 mg/g), kano (46.06 mg/g) and Gombe 
(42.56 mg/g) did not differ significantly except that of 
Lagos and Kano which showed significant difference 
(p<0.05) in term of chlorophyll B content. In contrast, 
there was discernible difference in total chlorophyll at 
(p<0.05) for tomato plant irrigated with rainwater from 
Lagos (50.79 mg/g) and Port Harcourt (61.67 mg/g), but 
there was no significant difference for Kano (72.00 mg/g) 
and Gombe (75.33 mg/g).

DISCUSSION

In April, the chemical composition of rainwater in Ike-
ja and Alesa Eleme revealed significant levels of SO2, 
whereas high levels of CO2 were detected in the Sani 
Abacha Road, Kano, and Kwadon area of Gombe state 
(Fig.2). With the exception of Ikeja, where the NO2 level 
in Lagos increased for the month of May, all areas had a 
drop in the levels of SO2, CO2, and pH (Fig.3). This was 
likely caused by the fact that the majority of the accu-
mulated contaminants must have been brought back to 
the surface by the period’s frequent rainfall. However, in 
June, the CO2 level in Ikeja and Eleme junction had the 
lowest concentration, whereas Sani Abacha Road, Kano, 
saw a rise (Fig.4). Additionally, CO2 concentration has 
increased at Ikeja and Eleme, and in the month of July, 
levels of SO2, NO2, and pH have decreased (Fig.5).

According to the report of Burns, Most of the sources 
of acidic rain are the result of emissions from industri-
al activities, vehicles, and pollution formed from man’s 

these produced more air pollutants than naturally occur-
ring sources of acidity, including sulfur, nitrogen, and 

CO2 in cities with heavy industrial and vehicular activity 

shows significant difference in the month April and May, 
and also inJuly a but did not differs in the month of May 
and June. Moreover, CO2 differs significantly across the 
months. Furthermore, the pH level shows no significant 
difference at (p<0.05) across the months.

Anatomical Damages in Leaves 

Fig.6a-6d shows theanatomical damages of the phyl-
loplane. Fig.6a shows complete collapse of epidermal 
cells on the adaxial surface as well as the buildup of 
epicuticular waxes in specific intercostal regions. Fig.6b 
shows lobules of scarred tissue and necrosis. Also, abun-
dant cellular contents are observed throughout the me-
sophyll which have an intense coloration after staining. 
Fig.6c shows intact mesophyll with fewer stomatal cells. 
Fig.6d reveals no damage on the mesophyll with numer-
ous stomatal cells.

*L indicate the locations in which the rain water sam-
ples were collected. L1- Lagos/Ikeja. L2-Port Harcourt/
Alesa Eleme. L3- Kano/Sani Abacha Road. L4- Gombe/
Kwadon.
Chlorophyll Contents

Fig.7 shows the Chlorophyll A levels of S. Lycopersicum. 

Fig. 5 Chemical composition of rain water collected from 
Alesa Eleme, Port Harcourt State. Note: ( ) pH value; ( ) 
SO2 (µeq/L); ( ) NO2 (µeq/L); ( ) CO2 (µeq/L).

Fig. 7 Chlorophyll Content of Solanum lycopersicum. irrigated 
with rain water. Note: ( ) Chl A; ( ) Chl B; ( ) Chl AB.

Fig. 6 Anatomical damageson leaves of Solanum Lycopersi-
cum. (a-d) Adaxial view of the epidermis (100 X); D: dam-
age; S: scar; L: lobule. 

anthropogenic activities(Burns, 
et al.,

 2016). However, et al.,

carbon oxides (Chandra, et al., 2017). The fluctuation of et al.,
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growth, lesions, inhibition of leaf development, curving 
of leaves, withering of leaves, leaf abscission, and even 
death of plants are indicators of acid-poisoned plants in 
plants treated with acidulated rainwater, demonstrating 
that morphological damage led to anatomical harm. The 
anatomical damage was observed in rain water collect-
ed from industrial areas such as Ikeja of Lagos State and 
Alesa Eleme of River State. Even at Sani Abacha Road 
where apparent damage was not present, the rainwa-
ter decreased the amount of chlorophyll a and b in both 
plant species, suggesting that physiological damage re-
sulted from anatomical damage. It is therefore, import-
ant to plant acidophilic trees in the study areas to reduce 
the effect of acid rain on other vegetable crops.
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