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Abstract

Main purpose of this research work was to check whether coriander and mint leaves available in various vegetable
markets and nurseries of Lahore are safe to consume and free of heavy metals traces. A field experiment was also conducted
to evaluate the potential of the selected plants in accumulating Cd and Pb in their different parts in order to further explore
their role in phytoremediation through various morpho-anatomical parameters and spectroscopic techniques. Treated plants
were analyzed for fresh and dry weight, chlorophyll estimation, stomatal count, changes in cortical and vascular tissues
caused in response to Cd and Pb. Metals uptake in plant tissues was confirmed by atomic absorption spectroscopy (AAS).
In coriander, less uptake of both metals was reported in aerial parts. However, mint accumulated relatively higher amount of
both metals in aerial parts which was evident through reduction in length of plants, leaf area and through inhibition of
vascular tissues. AAS further revealed that metals were also translocated to leaves of mint, suggesting that plant can be used

for phytoremediation of Cd and Pb.
Key words: Cadmium, Herbs, Lead, Phytoremediation.
Introduction

Increase in industrialization and mining activities
including excessive applications of herbicides and
pesticides, and traffic exhaust are responsible for release of
heavy metals in the environment. Heavy metals like arsenic
(As), chromium (Cr), cadmium (Cd), lead (Pb), mercury
(Hg) and nickel (Ni) are harmful for plants and animals as
reported by many workers (Garcia et al., 2006; Shahid et
al., 2012; Su & Liang, 2015; Harguinteguy et al., 2016 and
Jiang et al., 2018). They are known to affect overall growth
of plants (Khan et al., 2016; Haider et al., 2021) as their
uptake is related with inhibition in seed germination
(Soudek et al., 2010) and reduction in vascular tissues
(Khan & Rehan, 2014; Wafee et al., 2018).

Uptake of heavy metals like Cd and Pb is known to
interfere with micronutrients levels, results in an increase in
oxidative damage and decrease in chlorophyll content
(Gallego et al., 2012) by distrupting major metabolic
pathways (Rizwan et al., 2016; Candido et al., 2020);
thereby affecting the overall growth and development of
plants (Haider et al., 2021). Similarly Pb is also known to
cause damage to photosynthetic pigments (He ef al., 2016;
Jiang et al., 2018 ; Taylor, 2019; Aslam et al., 2021) and
delay in floral initiation (Chaudhry & Khan, 2006).

Many plants have developed detoxifying mechanism
to overcome the effects of heavy metals therefore,
ecofriendly techniques like phytoremediation are gaining
more attention in the past few decades which aim to
remove pollutants from the environment through the use of
hyperaccumulators which can accumulate heavy metals
(Yan et al, 2020). Main approaches being used in
phytoremediation include rhizofiltration, phytoextraction,
phytodegradation and phytovolatilization (Rascio & Navari-
Izzo, 2011; Suman et al., 2018; Shojaei et al., 2021).
Hyperaccumulators are plant species with potential to
accumulate heavy metals almost 50-100 times more as
compared with non-hyperaccumulators without showing

any toxicity symptoms (McGrath & Zhao, 2003;
Amirmoradi, 2012; van der Ent et al., 2013; Wang et al.,
2017; Emamverdiani & Ding, 2018). These plant species
either accumulate metals in different tissues, prevent their
uptake to aerial parts, detoxify them or move them into
smaller number of cells so they do not interfere their
metabolic activities. Some hyperaccumulators like Brassica
pekinensis and Pelargonium are capable of transporting
higher amount of Pb to aerial parts without showing any
damage to metabolic functions (Humberto et al., 2020).
Plants like water hyacinth and rice can also produce
proteins which bind with Cd to reduce its toxic effects
(Prasad, 1995).

Material and Methods

Sample collection and experiment: Almost 6 to 7 young
plants (C. sativum) and (M. piperita) of same height were
placed in beakers of 500 ml capacity, containing metal
solutions and were labelled. Different concentrations of
CdCl; and PbCl, applied individually for a month were 50
ppm, 100 ppm, 150 ppm, and 300 ppm. Control plants
were treated with tap water. Hoagland nutrient solution
was also provided to these plants twice a week. All plants
were placed under same conditions.

Internal morphology: Length and width of cells were
measured using ocular micrometer in transverse and
longitudinal sections and slides were photographed under
light microscope. Cortical, vascular and pith region were
measured in stems tissus.

Chlorophyll estimation: For the chlorophyll analysis of
coriander and mint leaves, acetone was used as solvent
because chlorophyll requires a polar solvent for being
solvated. Approximately 4 cm leaf was cut, weighed and
crushed using pestle and mortar. Then 2 ml of acetone
was used to grind the leaf material and another 2 ml of
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acetone was used for washing. The resulting solution was
added into centrifuge tube and the final volume was made
up to 7ml by adding more acetone. This was done for
each sample. The obtained solution was then centrifuged
at 10,000 rpm for 5 minutes. The supernatant had the
amount of chlorophyll present in the samples. Later, 2-3
ml of this supernatant was transferred into a cuvette and
the absorption was measured and recorded at two
different wavelengths for estimating the amount of
chlorophyll a and chlorophyll b. Acetone was used as
blank in spectrophotometry. The absorbance of samples
for estimating chlorophyll ‘a’ and ‘b’ was measured at
663nm and 645nm respectively (Arnon, 1949).

Stomatal count: In control and treated plants, lower
epidermis of coriander and mint leaves was used to count
stomata through an indirect method. Transparent nail
polish was applied on the lower side of leaf and was
allowed to dry for half a minute. Then the scotch tape
cuttings were placed over that polished area and was
pressed carefully to get impregnated image of stomata on
the tape. These tape cuttings were placed over slides and
were viewed under light microscope at 40X
magnification. For each plant, an average number of open
stomatal pores were recorded.

Atomic absorption spectroscopy (AAS): Samples were
taken from roots, stems and leaves and were digested for
atomic absorption spectroscopy. For digestion, 0.1 gram
of plant material was weighed and digested in a mixture
containing 25 ml of HNO; and 10 ml of H,SO4. Mixture
was carefully added in approximately 50 ml of distilled
water, samples were filtered and tested through flame
atomic absorption spectrometry (Varian AA240FS, US).
The same procedure was followed for the samples placed
at different metal concentrations and all the reading were
carefully recorded.

Fresh and dry weight: For fresh weight, treated plants
were carefully pat dried using blotting paper and were
weighed using weighing balance. The weights were
recorded, and these same samples were left to dry in oven,
at 70°C, overnight. After 24 hours, these samples were
taken out and weighed again. This weight was recorded as
dry weight. Same was done with all the plant samples of
coriander and mint.

Growth measurements: Growth was expressed relative
to control plants and data given were the average of at
least three independent experiments + standard deviation,
calculated according to the following expression.

Relative growth inhibition (%) = Controlgo'il;;fgltment x 100

Results

Coriander and mint treated with CdCl, and PbCl,
showed considerable changes in their root and shoot
length. Plants treated with these metals showed wilting as
compared to the control (Figs. 1, 2). Noticeable decrease
in stomatal count of treated plants was observed in
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comparison with control. Cd-treated coriander plants
evidently showed differences in fresh and dry weights
(Fig. 3) while some Pb-treated plants showed gradual
decrease in fresh and dry weights in comparison with
control group (Fig. 4). Similar results were recorded for
fresh and dry weight in case of mint treated with Cd and
Pb (Figs. 5, 6). Moreover, there was no noticeable change
in leaf area of both coriander and mint plants.

Fig. 1. Plants treated with CdCl.

Fig. 2. Plants treated with PbCl..

In coriander, maximum reduction in average diameter
of root cell cortex was 13% as compared to control, at 300
ppm CdCl; while maximum decrease in cortical width at
same concentration of PbCl, was 31% (Table 1, Figs.7-
11). In case of Pb, an immediate gradual decrease was
observed in vascular bundles of roots which caused an
inhibition in overall growth of root (Figs. 12-16). Cortical
region of stem cells showed relatively less changes in
treated plants as compared to the cortex of root.
Significant decrease of 23% and 27% was observed in
cortical region of stem cells treated with 150 ppm and 300
ppm of CdCl, respectively. (Table 2). However,
magnitude of inhibition was wider in stems of Pb treated
coriander plants as compared to Cd treated coriander
plants (Figs. 17-26).

In transverse and longitudinal sections of both plants,
similar pattern of changes in cell sizes were observed. In
case of stem cells, average diameter of cortex and vascular
bundles showed a gradual decrease in width (Tables 3-7)
(Figs. 27-31) with the exception that average diameter of
pith region in mint stem cells increased gradually with
increase in metal concentrations (Figs. 32-41).
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Fig. 5. Fresh weight and dry weight of M. piperita (whole plant)
treated with CdCla.

Table 1. Effects of doses of CdCl: on cell sizes in transverse
sections of C. sativum roots.
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Fig. 6. Fresh weigh and dry weight of M. piperita (whole plant)
treated with PbCla.

Table 2. Effects of doses of PbCl: on cell sizes in transverse
sections of C. sativum roots.

Treatments Average diameter | Average diameter Treatments Average diameter | Average diameter
(ppm) of xylem (um) of cortex (pm) (ppm) of xylem (um) of cortex (nm)
Control 792 2013 Control 1815 2805

50 ppm CdClz 693 1881 50 ppm PbCl> 1650 2640
100 ppm CdCl, 561 1875 100 ppm PbCl, 1584 2508
150 ppm CdClL, 528 1782 150 ppm PbCl2 1186 2244
300 ppm CdCl» 496 1756 300 ppm PbCl, 1050 1948

Table 3. Effects of doses of CdCl: on cell sizes in transverse
section of C. Sativum stems.

Table 4. Effects of doses of PbCl: on cell sizes in
longitudinal section of C. sativum stems.

Treatments Average diameter | Average diameter Treatments Average diameter | Average diameter
(ppm) of xylem (pm) of cortex (um) (ppm) of xylem (pm) of cortex (um)
Control 396 1551 Control 660 1716
50 ppm CdCl, 363 1485 50 ppm PbClz 495 1584
100 ppm CdCl2 366 1188 100 ppm PbCl2 429 1353
150 ppm CdCla 260 1185 150 ppm PbCl2 330 1320
300 ppm CdCl2 231 1122 300 ppm PbClz 297 1250




2246

RIMSHA ANWAR ET AL.,

Table S. Effects of doses of CdCl: on cell sizes in transverse section of M. piperita roots.

Treatments Average diameter of Average diameter of Average diameter of
(ppm) vascular bundle cortex epidermis
Control 891 1056 1485
50 ppm CdCl, 726 726 1320
100 ppm CdCl 495 693 1155
150 ppm CdCl, 759 825 1419
300 ppm CdCl, 627 759 1352

Table 6. Effects of doses of CdCl: on cell sizes in transverse section of M. piperita stems.

Treatments Average diameter of vascular Average diameter of | Average diameter of
(ppm) bundle pith cortex
Control 792 1188 1848
50 ppm CdCl, 825 1188 1881
100 ppm CdCl, 660 1320 1749
150 ppm CdCl 528 1485 1650
300 ppm CdCl, 330 1551 1320

Table 7. Effects of doses of PbCl: on cell sizes in transverse section of M. piperita stems.

Treatments Average diameter of vascular Average diameter of | Average diameter of
(ppm) bundle pith cortex
Control 792 858 1914
50 ppm PbCl, 825 924 2145
100 ppm PbCl, 660 990 1980
150 ppm PbCl, 462 1221 2046
300 ppm PbCl, 396 1386 1914

>

For chlorophyll estimation, chlorophyll ‘a’ and
chlorophyll ‘b’ both were measured in treated plants as well
as in control groups. Coriander plants treated with CdCl,
and PbCl, showed a some decrease in chlorophyll content,
however, in some cases, an increase in chlorophyll content
was recorded when compared with control (Figs. 42, 43).
For mint leaves, chlorophyll ‘a’ and ‘b’ revealed a change
in comparison with control (Figs. 44, 45).

AAS results showed that the Cd uptake in coriander
was least in roots of control group i.e, 0.004 mg/L (Fig.
46). The amount of Cd uptake in roots was increased with
increase in metal concentrations. At 100 ppm CdCl,, the
amount of Cd was 0.008 mg/L which increased to 0.01
mg/L under 150 ppm CdCl,. However, maximum Cd
uptake of 0.027 mg/L was reported at 300 ppm CdCl,.
Coriander plant when treated with Pb, reported relatively
more Pb content in roots and leaves as compared to plants
treated with Cd. In case of root tissues, it was revealed
through AAS that the amount of Pb in control was 0.38
mg/. With application of 50 ppm PbCl,, the amount of Pb
increased by 0.51 mg/L as compared to control. At 100
ppm and 150 ppm PbCl, the amount of Pb was 0.69 mg/L
and 0.6 mg/L respectively. However, at 300 ppm PbCl,,
the amount of Pb increased to 0.85 mg/L (Figs. 47, 48).

In case of leaves treated with Cd, there was no
considerable uptake of Cd at any concentration amount of
Pb in control group was 0.32 mg/L that increased by 0.11
mg/L with application of 150 ppm PbCl,. Cd uptake
reported at 300 ppm PbCl, was 0.31 mg/L (Fig. 49).

In case of mint plants, results revealed that amount of
Cd in leaves of control plants was 0.05 mg/L. At 50 ppm
and 100 ppm CdCl, the amount of Cd increased by 0.06
mg/L and 0.1 mg/L as compared to control. However,
amount of Cd decreased to 0.25 mg/L as compared to 100
ppm CdCl,. At 300 ppm amount of Cd was reported to be
0.18 mg/L (Fig. 50). Likewise, for root tissues, the amount
of Cd was 0.003 mg/L. On application of 50 ppm and 100
ppm CdCl,, amount of Cd increased to 0.2 mg/L and 0.357
mg/L respectively. Accumulation of 0.32 mg/L was
reported at 150 ppm CdCl,. However, 0.21 mg/L uptake
was recorded at 300 ppm CdCl,, Amount of Pb in control
root was 0.2 mg/L (Fig. 51). After application of 50 ppm
PbCl,, the amount of Pb increased by 0.1 mg/L. Similarly,
100 ppm and 150 ppm PbCl, concentrations also showed
an increase in amount Pb by 0.2 mg/L and 0.5 mg/L
respectively. Furthermore, amount of Pb accumulated at
300 ppm PbCl, was 0.4 mg/L. In case of leaves of control
group, amount of Pb was 0.22 mg/L and increased by 0.09
mg/L upon treating plants with 50 ppm CdCl, and 100 ppm
CdCl,. At 150 ppm and 300 ppm CdCl, amount of Pb
recorded was 0.33 mg/L. 0.39 mg/L respectively. Hence,
leaves reported less metal accumulation as compared to
roots. Mint samples collected from vegetable markets of 5
different areas ; Gulberg, Thokar niaz baig, Shadrah, Jallo
park and Allama Igbal Town reported Pb in them. Results
through AAS revealed maximum of 0.48 mg/L in samples
collected from Shadrah (Fig. 52). However almost all the
samples showed negligible or no Cd uptake at all.
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Fig.7 Fig. 8 Fig. 9 Fig. 10 Fig. 11

Figs. 7-11: T.S of roots of C. sativum under 10X magnification (Fig. 7) Control root (Fig. 8) Root treated with 50 ppm CdCl: (Fig. 9)
Root treated with 100 ppm CdClz (Fig. 10) Root treated with 150 ppm CdClz. (Fig. 11) Root treated with 300 ppm CdClo.

Fig. 14

Fig. 12 Fig. 16

Figs. 12-16. T.S of C. sativum root under 4X magnification. (Fig. 12) Control root (Fig. 13) Root treated with 50 ppm PbCl.. (Fig.
14) Root treated with 100 ppm PbCl: (Fig. 15) Root treated with 150 ppm PbCl2 (Fig. 16) Root treated with 300 ppm CdCl..

Fig. 17 Fig. 20

Fig. 17-21. T.S of stems of C. sativum treated with CdCl, under 4X magnification. (Fig. 17) Control stem (Fig. 18) Stem treated with 50 ppm
CdClL. (Fig. 19) Stem treated with 100 ppm CdCl: (Fig. 20) Stem treated with 150 ppm CdCl. (Fig. 21) Stem treated with 300 ppm CdCl..

Fig. 22 Fig. 23 Fig. 24 Fig. 25 Fig. 26

Figs. 22-26. T.S of stems of C. sativum treated with PbCI2, under 4X magnification. (Fig. 22) Control stem (Fig. 23) Stem treated with 50
ppm PbClz(Fig. 24) Stem treated with 100 ppm PbClz (Fig. 25) Stem treated with 150 ppm PbClz (Fig. 26) Stem treated with 300 ppm PbCl..
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Fig. 29 Fig. 30 Fig. 31

Figs. 27-31. L.S sections of control stems of M. piperita. Control stem (Fig. 27) Stem of M. piperita treated with CdCl» (Fig. 28)
Stem treated with 100 ppm CdCla. (Fig. 29) Stem treated with 150 ppm CdClz (Fig. 30) Stem treated with 300 ppm CdCl2 (Fig. 31).

Pith
Phloem
Fig. 32

Figs. 32-36. T.S sections of stems of M. piperita treated with CdClz . Control stem (Fig. 32) Stem treated with CdCl (Fig. 33) Stems
treated with 100 ppm CdCl.. (Fig. 34) Stem treated with 150 ppm CdCl: (Fig. 35) Stem treated with 300 ppm CdCl. (Fig. 36).

Fig. 37 Fig. 38

Figs. 37-41. T.S sections of stems of M. piperita treated with PbCla. Control stem (Fig. 37) stem treated with 50ppm PbCl.. (Fig. 38)
Stem treated with 100 ppm PbCla. (Fig. 39) Stem treated with 150 ppm PbCl.. (Fig. 40) Stems treated with 300 ppm PbCl: (Fig. 41).
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Fig. 42. Comparison of chlorophyll ‘a’ and ‘b’ in coriander Fig. 43. Comparison of chlorophyll ‘a’ and ‘b’ in coriander
leaves treated with CdCla. leaves treated with PbCla.
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Fig. 45. Comparison of chlorophyll ‘a’ and ‘b’ in M. piperita
leaves treated with PbCl2
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Fig. 47. Accumulation of PbClz2 (mg/L) in roots and leaves of C.
sativum through atomic absorption spectroscopy.
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Discussion

The present work revealed that under Cd and Pb
stress, C. sativum showed reduction in chlorophyll
content and caused inhibition of vascular region in both
roots and stem. Coriander has also been previously
reported to accumulate Pb and As in significant amounts
(Gaur et al., 2017). However, in current work, reduction
in vasuclar region of stem indicates that plant is capable
of uptake and translocation of heavy metals from roots to
stem. This is in accordance to work reported by Asdeo &
Rathore (2012) and Wafee & Khan (2018) that Cd and Pb
are translocated to aerial parts of plants through root.
However, at 100 ppm CdCl», coriander showed negligible
effects but at doses of 150 and 300 ppm, reduction in
vascular tisssues was observed which was further
confirmed by AAS that these changes are due to upake of
Cd as plant accumulated Cd in aerial parts. However,
when treated with PbCl,, plant showed relatively less
reduction in growth, suggesting that coriander is more
sensitive to Cd as compared with Pb which might be due
to the different mechanisms of metal uptake (Sharma &
Dubey, 2005; Dragunski, 2014; Candido et al., 2020;
Aslam et al., 2021).

In case of M. piperata, reduction in cotrical and
vascular region of root, stem and leaves was reported.
When treated with Cd and Pb doses, width of cortical
region and xylem vessels of root and stem showed
inhibited however, phloem remain unaffected. Inhibition
in leaf area and chlorophyll content was also recorded in
mint leaves which might be due to well-known effect of
Pb which can cause reduction in chlorophyll formation in
many plants by reducing the uptake of essential elements
like magnesium and iron and replaces magnesium in
chlorophyll ‘b> (Nas & Ali, 2018). Pb also causes
disorganization of chloroplast ultrastructure and inhibition
of electron transport process including diversion of
electrons from PSI. In the current work, inhibition in leaf
area and chlorophyll biosynthesis might be due to
interference of Pb with PSI and thereby reducing the rate
of photosynthesis.

In current work, reduction in chlorophyll content of
both treated plants indicates that Cd and Pb are
translocated to their leaves, though inhibition was not
observed at lower doses. Amount of Pb reported in mint
leaves at 300 ppm was 0.85 mg/L, which can cause
toxicity in cells (Kadir et al., 2008). AAS further revealed
that mint roots can accumulate significant amount of Pb at
150 ppm, which is quite toxic to human health if leaves
are consumed. According to a study, Pb levels i.e 10-80
pg/dl (which is equal to 0.1-0.8 mg/L) result in
neurotoxicity, hypertension, renal impairment and altered
cognitive functions (Kadir et al., 2008). However, level of
Cd in mint was upto 0.36 mg/L which is also above safety
levels in Pakistan. Therefore, due to accumulation of high
amounts of Cd and Pb by mint, it can be used for
phytoremediation of soil but it is not recommended for
use as culinary herb as consuming contaminated leaves of
mint can lead to many health hazards.
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