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Introduction

The uce of herbol medicine icincreaoing Sramatically
worldwide. However, environmentol pollution
eapeciolly with heavy metolo poces cerious problem
on quality of medicinal plantocond their producta In
moat partoof the world including India, where more
thon 85% of the population reliec on traditiona
medicine, data on the level of Ni, Co, Cu, Cr and Ao
in plantouced for production of herbad medicinesic
unovodlable. Reporto from mony countries have
chown that one of the mojor quality problemo
frequently encountered ic high heavy metad contento
of herbal medicines that con be acoocioted to
extenaive pollution of the environment where
medicind plantc uced oo row moteriodlo grow.
Evoluating ond monitoring of heavy metol
contaminotion ic on ecoential otep in improving the
overall axfety and quality of widely uced medicinal
planto which will in turn recult in oxfeguarding the
beneficiariec or conoumera In oddition, thece oand
other heavy metdo ore cldimed to offect the
cecondory metabolitec production in plants which
may be important for medication. Therefore, it ic
mondotory to aoseco Ni, Co, Cu, Cr and Ao
concentrationc in medicinad planto before uaing
them for herbal Srugopreporation.

Heavy metal pollution
Soil (medium for plant growth) and woter (ogri-
input) are precious notural recourcec on which rely
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the ouctadnobility of agriculture and the civilization
of monkind. The pollution includes point courceo
ouch oo emicoion, effluentoand oolid diochorge from
induoctries, vehicle exhouotion oand metoddo from
omelting «nd mining, and nonpoint cources ouch oo
ooluble oudto (naturdd ond artificidd), uce of
incecticideo/ pecticideq, diopooul of induotridd oand
municipal wootesin agriculture, and exceooive uce of
fertilizer”. Eoach cource of contumination hao ite
own OSumoging effects to plontg, onimodo ond
ultimately to humon headth, but thoce that «38 heavy
metaloto coilooand wateroare of cerioucconcern due
to their percictence in the environment ond
carcinogenicity to humon beinga They cannot be
Seatroyed biologically but are only tranoformed from
one oxidation otate or organic complex to another’.
Therefore, heovy metal pollution poces o great
potential threat to the environment ond human
headth. Since coil iomoct important medium for moat
plant growth including medicinad oand aromatic
planta Therefore, a core muot be token to monitor
ooil, water and planto growing in that coil medium ot
on regulor interval with a view to acceoo the heavy
metal accumulation in planta

In order to maintein good quality of coiloond watero
ond keep them free from contamination, continuouc
effortohave been made to develop technologieo that
are exoy to uce, ouctainoble and economically
feaaible. The uce of plunt opecies for cleaning
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polluted ocoilc and waterc numed oo phytore-
mediation hao gained increxsing attention cince loot
Secade, oo an emerging cheaper technology. Heavy
metodo are the chemicol elemento with o opecific
gravity contain ot leaot five timeo the opecific grovity
of woter. The heavy metoddowere found accumulated
in animal and plant cellg, leading to cevere negative
effect to the environmenta Chemical fertilizer and
voariouo hazardous chemicado are uced for plont
protection octivity for the cultivation of medicinal
ond aromatic plantowhich in turn contaminate thoce
plonta

Heavy metal accumulation in medicinal
plants

Herbad medicines hove found extencive uce in
diceace treatment, prevention, and mancgement.
Due to the immence benefitocherbal medicinesbring
to bear, mojority of the world's population in one
way or the other Sepend on them for various heolth
benefita According to the world health organization
(WHO) report, there ic an ectimated 65 to 80% of
the world'c population relying on traditionol
(cddternative) medicine oo their primary form of
headthcare. However, the uce of herbal medicines
hao come under acrutiny due to their perceived long
term toxicity among other conaderationa The
couceoof the toxicitieg which could be attributed to
the chemical ond mineral contentsof variouo plantg,
are odoo linked to the cource of the moterial. The
minerol contento of medicina plant opeciec uced in
herbal formulations cannot be over-looked

conaidering the importont role thece mineraloploy in
the proper functioning of the vitd organoc aowell oo
in the promotion of the general well-being of the

body. However, they moay be toxic if conoumed

beyond their ectimated oufe Sodly intake. Medicinad

herbocon precent health rickodue to the precence of
toxic metado ouch oo Pb, C3, Al, and Hg, which are
hozar§ous to humans'. Do, et.al (2011)° and Lagici
et.al (2005)° reported that the amount of 5 mineralo

namely; lead (Pb), codmium (C3), oduminum (Al),
mercury (Hg), ond arcenic (Ag) in 10 common

medicind planto (Alchornia cordifolia, Alstonia
boonei, Cassia alata, Cassia occidentalis,
Cymbopogon citratus, Moringa oleifera, Ocimum
gratissimum, Paullinia pinnata, Rawwolfia
vomitoria, Taraxacum officinale leaves and Stevia
rebaudiana bertoni leaveo) have been found beyond

permiacaible limit. The generol notion that medicina
planto are cxfe and devoid of heavy metal toxicity

could be micconatrued. From the otudy, the leveloof
thece metodo differed in the aume plont collected

from different geographical locationa For example,
the leveloof lead in Cassia alata varied from 17.7 to

4.45 pg/g collected from Sifferent locations. Lead
for Cassia occidentalis and Ranwolfia vomitoria
varied between 7.85-4.35 and 9.25-1.55 pg/g,
reopectively. Similorly, that of oluminum voried
between 105.53-23.3 for Rauwolfia vomitoria ond
104.25-12.4 pg/g for Paullinia pinnata. In coce of
Stevia rebaudiana, the content of come celected
heavy metadoore tabulated in toble-1.

Table 1: Heavy metal contents (ug/g) of dried S. rebaudiana leaf

Stevia leaf Pb Cd As Hg

Sun-dried 4.77 +£0.09a 0.49+0.01a 0.30+0.02a 0.01+0.01a

Oven-dried 0.14+0.01c 0.44 +0.01b 0.09+0.04b 0.01+£0.00a
Microwave-dried 2.16+£0.02b 0.33+£0.02¢c 0.10+£0.02b 0.01+0.02a

Note: Pb=lead; Cd = cadmium; As = arsenic and Hg = mercury; Similar letters in rows are non-significant whereas different letters in

rows are significantat p=0.05.

The volues of different metado in otevia leaveo
cxmpleo vary according to Srying method. Higheot
vodues of Pb, C8, and Acare found in the cun dried
cxmple, with dignificant Sifferences (p < 0.05) when
compored to microwave and oven drying. Toble 1
chowed that the levelo of C8 and Ac were otill

aignificantly (p < 0.05) higher in cun-8ried thon in
oven- and microwave dried oxmplea However, Hg
level remained the cume in ol the ocwmpleg,

irreopective of the drying method (Toble 1).
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Table 2: Influence of stevioside on roots and leaves length of

9-day-old germinating wheat seedlings.

Sample H20 Stevioside
Leaves length Roots length Leaves length Roots length
(mm) (mm) (mm) (mm)

Control 158.5 90.3 180 107

CdS04

(10m mol) 129 64 134 71

ZnS04

(10m mol) 157 75.5 172 98

CuS04

(10m mol) 136 51 143 71

It i found (Table 2) that the Steviodide lowered
heavy metado accumulation level in rooto and leaveo
of wheat ceedlingg, decreaced the effecto of heavy
metod pollution on plant growth, increacged aocorbate
peroxidace octivity and proline content, which
indicated itoprotective action on wheat plantounder
heavy metalo couced otreca Stevia leaveo are a good

oource of nutritional volueo regardless of methodo
of drying. Ithaobeen uced aoa cubatitute for cugor in
place of pure otevioaide in different food
preparationo and ito high ach content indicateo that
the otevia leaveo are good cource of inorgonic
mineroda

Table 3: Concentration of heavy metals (ug/g) in Rauwolfia vomitoria

Minerals Rauwolfia vomitoria collected from
Dumming mit Road side Forest
Lead 1.5650 7.750 4.600
Cadmium < 0.002 < 0.002 < 0.002
Mercury < 0.001 < 0.001 < 0.001
Arsenic <0.001 0.001 < 0.001

The levelo of mercury and arcenic, in Rauwolfia
vomitoria medicind plont cxmpleo in Sifferent
locationa, were found to be below the minimum
Setectable limit (<0.001 pg/g) (Table 3). Lead io
conadered very hormful for plantg animalg ond
particularly for microorganiome. It hao no
phyadiologic role. The levelo of lead from plant
oxmpleo collected from the roadade exceeded the
moximum oxfety limit. Looiai et.al., 2005° reported
that the higheot level of lead occurred in Cassia alata
harveoted from the roaddde (17.65 ug/g). Thic
exceeded the WHO otondard of 10 pg/g for leod in
row materiodo for herbal medicines (WHO, 1998)".
Thiccould poaaibly be ue to itoaccumulation in the
ooil from vehiculor exhouot fumea

Remedial measures

The cleaning of contominated ocoilo from heavy
metolo ic the moot Sifficult taok, particularly on o
large ocale. The ocoil ioc compoced of organic oand
inorganic oolid conatituentq, water and mixture of

different gaoeo precent in various proportiona The
minerol components vary occording to porent
materiolo on which the coil had been Seveloped
under o« particular cet of climatic conditiona
Therefore, ooilo vary enormoudy in phyadicod,
chemicol ond biological propertiea Soil water
movement ic controlled by phyeical propertieq, cuch
oo ooil otructure ond texture. The coil moicture hao
great bearing in controlling colute movement, cudt
oolubility, chemical reactiono ond microbiologicod
activitico and ultimately the bioavadlobility of the
metod iona A cucceooful phytoremediation progrom,
therefore, muot toke into conaderation variations in
ooil propertiec of the opecific dte. Different
opprooaches have been uced or Seveloped to
mitigate/recloim the heovy metod polluted coilo and
woteto including the landfill/Samping ditea Theae
may be broodly claodified into phycicochemicad and
biologicol approachea

I) The phydcochemicd approach includeo
excovation and butiol of the ooil at o hazardoucwaocte
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diteq, fixation/inactivation (chemical procesoing of
the ooil to immobilize the metalo), leaching by ucing
acid colutionoor proprietary leachantoto Secorb and
leach the metado from ooil followed by the return of
clean ooil redidue to the dite, precipitation or
flocculation followed by ocedimentation, ion
exchange, reverce oomodic and microfiltration. The
phyocicochemicol approachesare generally cootly and
have aide effecta

i) Biological opproaches of remediation
include: (1) uce of microorganiomo to Setoxify the
metddo by volence tranoformation, extracellulor
chemical precipitation, or volatilization [come
microorganiom con enzymaticadly reduce avariety of
metadoin metabolic proceases that are not reloted to
metal acoimilotion], ond (2) uce of opeciad type of
plantoto decontaminate coil or water by inactivating
metodo in the rhizoophere or trandocating them in
the aerial parte. Thic approach ic called
phytoremediation, which ic conaidered ao o new and
highly promicing technology for the reclamation of
polluted atec and cheaper thoan phyccochemicad
approachea.

Phytoremesdiation, odoo referred oo botanical
bioremediation, involveo the uce of green planto to
decontominate coilg water and oir. It ican emerging
technology that con be applied to both organic and
inorganic pollutants precent in the coil, water or air.
However, the ability to accumulate heavy metolo
varieo cignificantly between opeciec ond among
cultivaro within opecieq, oo different mechaniomo of
ion uptoke are operative in each opecieq, baged on
their genetic, morphological, phydological ond
onotomical characteriotica. There are Sifferent
categoriec of phytoremediation, including
phytoextroaction, phytofiltration, phytostobilization,
phytovolatization and phytodegradation, depending
on the mechoniomoof remediation. Phytoextraction
involveo the uce of planto to remove contuminanto
from ooil. The metad ion accumulated in the aeriod
porto that can be removed to diopoce or burnt to
recover metoda Phytofiltration involves the plant
rooto or ceedling for removel of metodo from
aqueous waotea In phytootabilization, the plant
rooto oboorb the pollutanto from the ooil ond keep
them in the rhizoophere, rendering them harmleasby
preventing them from lexching. Phytovolatization
involveo the uce of planto to volotilize pollutanto
from their foliage ouch oo Se and Hg.
Phytodegrodotion meanc the uce of planto and
DOI :10.18579/jmcrkc/2016/15/3/103035

aooociated microorganiomo to Segrade organic
pollutonta

CONCLUSION

Drying method can affect the nutritional
compodition of Stevia leaves and couce o ceriouc
decline in the content of otandord phytochemical
conatituenta The plont leaf coan be uced oo row
materiol for the extraction oand production of
functionad food ingredientq aowell aoact aca cource
of carbohydrateg protein, crude fiber, mineralg
which are voluable for human nutrition. The
contaminotion of heavy metols to the environment,
i.e., ooil, water, plont ond oir ic of great concern due
to ito potentiod impact on humon ond animad headth.
There are genetic variationcamong plant opeciecand
even among the cultivar of the axme opeciea The uce
of cleaning technologieciodite-opecific due to opatiod
ond climatic voriationo and ic not economicodly
feaoible everywhere. However, continuouo
monitoring of both in coilo and medicinad planto
with regpect to different heavy metol concentrationo
are ecoential for toking up remediod meacuresin right
time.
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